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PROTECTIVE ACTIVITY OF ASCORBIC ACID
AT INFLUENZA INFECTION

V.V. Zarubaev?, A.V. Slita?, I.N. Lavrentyeva?, V.S. Smirnov®

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b Cytomed, Ltd., St. Petersburg, Russian Federation

Abstract. Ascorbic acid (vitamin C, AA) is an essential nutrient of the human diet due to its participation on numerous regu-
latory and enzymatic processes. AA takes part in such vital physiological processes as hormone production, collagen synthe-
sis, stimulation of the immune system, etc. In the present review the activities of AA are considered that provide its protective
effect at influenza infection. This effect can be result of direct virus-inhibiting activity of AA as well as of anti-inflammatory
and antioxidant properties. Oxidative stress during influenza infection leads to nonspecific damage of the pulmonary tissue
and subsequent inflammation of the lungs. The antioxidant activity of AA results in alleviation of infection due to suppres-
sion of tissue damage as well as in inhibition of reactive oxygen species-mediated signal transduction and regulatory reac-
tions. After oxidation by ROS, AA is converted to dehydroascorbic acid (DAA) and inhibits the key enzymes of NF-xB
pathway, such as kinases IKKo and IKKP. AA itself blocks the activity of another component of the N F-kB pathway, kinase
IKKB(SS/EE), whose activity is directed to the phosphorylation of the factor [xBa.. As a result, activation of NF-xB and its
transport to the nucleus does not occur. Thus, AA performs a dual function: first, it neutralizes free radicals, preventing them
from activating NF-kB, and secondly, the product of its oxidation, DA A, further blocks the activation of this pathway. In ad-
dition, in some cases AA results in the decrease in the infectious activity of influenza virus that is not due to the antioxidant
activity of AA, but to direct virus-inhibiting activity. Taken together, the presented data suggests that the use of drugs with
antiviral and antioxidant activity, as a combination of individual drugs or, as in the case of AA, as a single drug with complex
activity, for treatment of influenza has advantages over the etiotropic drug monotherapy scheme.

Key words: vitamin C, ascorbic acid, influenza, antivirals, anti-inflammatory activity, antioxidant activity.
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Pestome. AckopouHoBas kuciora (ButamuH C, AK) siBisieTcsl BaXXHBIM MUILEBEIM KOMITIOHEHTOM JJ151 YeJioBeKa 0J1aro-
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BaHMS Mepeauyr CUTHAJIA ¥ PETyJISITOPHBIX peakIlnii, OmocpeyeMbIX akTUBHBIMU (opMaMu kuciiopoaa (ADPK). IMocie
okucieHust AOK AK npespariaercs B neruapoackopoutoByto kuciaory (JIAK) 1 uHruobupyer KiroyeBbie (hepMEHTHI
curHasibHoro mytu NF-kB, Takue kak kunassl IKKo u IKKB. Cama AK 610KupyeT ak THBHOCTb IPYrOro KOMIOHEHTa
nytu NF-kB — xunasy IKKB(SS/EE), aktuBHOCTb KOTOpOIi HampaBieHa Ha pocopunnpobanue paktopa [kBo. B pe-
synpTrare aktTuBauuu NF-kB u ero tpancnopTa B iipo He mpoucxonut. Takum odpasoM, AK ocyIiecTBseT 1BOIHYIO
(byHKIIMIO: BO-TICPBBIX, HEUTpaTU3yeT CBOOOMHBIC pallKalbl, IpeaoTBpamias akTuBanuio uMu NF-kB, 1, BO-BTOpBIX,
MPOAYKT ee okucneHus, JAK, 1onoaHuTeIbHO OJIOKMPYeT aKTMBAILIMIO 3TOr0 CUTHAIBHOTO ITyTH. KpoMme Toro, B He-
KOTOpHIX cirydastx AK MpuBOINT K CHUKEHNIO MHGEKIIMOHHON aKTMBHOCTH BHpPYCa, YTO OOYCIOBICHO HE aHTUOKCH-
TAHTHBIME cBoiicTBamu AK, a ee TIpsIMoif TpOTMBOBUPYCHOM aKTHMBHOCTBIO. BMecTe B3sITHIe, IIpeIcTaBICHHbIC TaH-
HBIC CBUIICTEIBCTBYIOT, UTO MCITOJIb30BaHNUE ITPEMAapaToB ¢ MIPOTUBOBUPYCHON 1 aHTUOKCUIAHTHOM aKTUBHOCTBIO KaK
B BUJIe KOMOMHAIIUM, TaK U, KaK B cirydae ¢ AK, B Buie e1MHOTO Mpernapara ¢ KOMITJIEKCHON aK TUBHOCTBIO, [JTST JICYSHU ST

TpUIIIIa UMECT MPEUMYLICCTBA IICPCI STHOTpOHHOﬁ CXEMOM JIeYeHU ST TpUIIIIa MOHOIIpCIIapaTaMu.

Karouesnie caosa: umamun C, ac;copﬁuﬁoeaﬂ Kucaoma, epunn, npomueoeupycHsle npenapamsl, npomusoeocnaisumenbHasd

AKMUBHOCMb, AHMUOKCUOAHMHAS AKMUBHOCNb.

Ascorbic acid (vitamin C, AA, Fig.) is an impor-
tant nutrient of the human diet, since it is not synthe-
sized in the human body, similarly to guinea pigs and
most primates. Other mammals (about 4000 spe-
cies) are able to produce AA in the amount of about
50 mg/kg of body weight per day, or, in terms of hu-
man body, 5 g/day. This dose is sufficient to ensure
the normal functioning of the body and resistance
to infections [64].

Being a potent antioxidant [37, 46] and cofactor
of many enzymes, AA takes part in such vital physio-
logical processes as hormone production, collagen
synthesis [6], stimulation of the immune system [16,
45, 63], etc. The long-term lack of vitamin C leads
to scurvy, a pathological process caused primarily
by a violation of collagen production and mani-
fested in the destruction of blood vessels, disorders
in the formation of bone tissue and attachment of the
periosteum to the bones as well as loosening of teeth
[21, 40]. In addition, a decrease in the level of col-
lagen leads to a violation of the architectonics of the
Iung tissue, which causes primary pneumonia or pro-
vokes the development of secondary ones, which are
the leading complication and the main cause of death
in scurvy [28]. For many years, vitamin C has been
considered as a key factor in the development of scur-
vy — a pathology of connective tissue. Indeed, in ad-
dition to the described symptoms, patients suffer from
wound healing disorders and other pathologies that
can be explained from this point of view. Therefore,
the role of vitamin C was mainly, if not exclusively,
attributed to the maintenance of the integrity of the
connective tissue, despite numerous observations
of the effect of AA on the course of infectious pro-
cesses as well [25].

Along with this, however, ascorbic acid has
a range of other biological activities. In particular,
it is shown that it plays an important role in epige-
netic regulation, being in the form of ascorbate ani-
on a co-factor of methylcytosine dioxygenase, an
enzyme responsible for DNA demethylation. In ad-
dition, AA is also a cofactor of enzymes that carry
out methylation of histones, which also provides

epigenetic regulation of gene activity, in particular by
changing the concentration and bioavailability of AA
in different sites of organs and tissues. This activity
is important in the development of pathologies such
as neurodegenerative and oncological diseases in the
absence of AA [10].

Among many types of biological activity of AA,
its ability to inhibit the reproduction of viruses from
a wide variety of families and phylogenetic groups
should be specially noted. In the XIX—XX centuries,
AA was used to treat hepatitis, encephalitis, influ-
enza, SARS and some other viral infections. In 1970,
Pauling’s book «Vitamin C and Common Cold» was
published, where a favorable effect of high doses
of AA as a mean of preventing and treating ARI was
proved [47].

The effect of AA on the course of a viral infection
can be explained by several factors. First, being an an-
tioxidant, AA has a neutralizing effect on one of the
leading factors of the pathogenesis of a viral infec-
tion — the free radicals formed by inflammation and
the oxidative stress caused by them. Secondly, many
viruses use free radicals as regulators of their own re-
production and signaling cascades during the viral
cycle. The inhibition of the formation of free radicals
using AA, therefore, has an indirect inhibitory effect
on the replication and spread of viruses. Finally, AA,
in some cases, acts independently of antioxidant ac-
tivity, suppressing viral reproduction directly, i.e. as
an etiotropic agent, albeit of low efficiency.

Below we describe each of the mechanisms of AA
activity in viral infections separately. Prior to de-
scribing the activity of AA in viral pathology, we
will consider the pathological process itself in terms
of balance between pro- and antioxidant factors.

The term «free radicals» (FR) means molecules
containing one or more unpaired electrons at the up-
per electronic level, as well as molecules that possess
high reactivity in biological systems and in the ab-
sence of such unpaired electrons. Examples of FR in-
clude molecular oxygen O,, superoxide radical O,°~,
hydroxyl radical OH-, nitrogen oxide NO, hydrogen
peroxide H,O,, peroxynitrite ONOO-, etc. reactive
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oxygen species (ROS) and active forms of nitrogen
(AFN) are produced both in normal physiological
conditions, and in pathological ones. Among them,
O, and NO are the key intermediates in infectious
processes. They play an important role in the trans-
fer of intercellular signal transduction, the regulation
of cytokine production, growth and transcription
factors, immunomodulation and apoptosis proces-
ses, etc. [11].

However, many pathogens in the course of the
infectious process lead to the activation of phago-
cytes and neutrophils, which produce ROS, which
is accompanied by the production of excessive FR.
In organism, ROS serve to inactivate viruses, de-
stroy bacteria and remove cell decay products, as
well as regulate apoptosis, i.e. to normalize the state
of the organism, eliminate pathogens and main-
tain homeostasis. However, with the propagation
of the pathogen, more FR is produced, which leads
to a shift in the redox balance. In view of their low
selectivity, ROS are one of the main factors in the
pathogenesis of many acute infections, resulting
in DNA damage, lipids and proteins destruction,
loss of integrity of healthy cells, excessive and in-
adequate damage to the tissue architectonics and
functions of the target organ [1, 48]. In addition,
under such conditions, transcription factors such as
NF-xB, which in some cases are proviral [55], are
activated, as we will discuss below. The suppression
of these processes, therefore, should be considered as
a method of protecting tissue in the foci of inflam-
mation and general protection in the course of infec-
tious processes. To maintain a balance between oxi-
dative and antioxidant processes in the tissue, there
is an antioxidant defense system, represented by an
enzymatic and non-enzymatic species. The first in-
clude enzymes of metabolism of ROS, like catalase,
glutathione peroxidase and superoxide dismutase,
neutralizing, in particular, O,*~ and H,0,. The se-
cond group is represented by organic antioxidants —
vitamins C and E, polyphenols, carotenoids, etc.

Suppression of virus reproduction
due to antioxidant activity

The disturbance of the oxidant-antioxidant balan-
ce leads to oxidative stress, the formation of which
has been proved today for the vast majority of acute
viral infections. This was first shown for the Sendai
virus model and mouse splenocytes, which enhance
the production of FR in response to contact with
the virus, not only intact, but also inactivated by ul-
traviolet irradiation [49]. Later the increase of oxida-
tive activity in cells leading to their death was shown
for many viruses, both RNA and DNA genomic [44,
50, 52].

FR and lipid peroxidation products affect the re-
production of viruses by regulating cell activity,
the inflammatory and immune response in general,

as well as damaging the components of the virus and
the host cell. Destruction of infected and neighboring
target cells can limit the spread of the virus. However,
in general, it is not completely understood how much
the benefit of such destruction exceeds, if at does, its
negative consequences. Thus, it is known that oxida-
tive stress promotes the replication of RNA-genome
alpha- and flaviviruses [20], and that the use of anti-
oxidants significantly inhibits this process by viola-
ting the capping of virus-specific mRNAs. Similarly,
oxidative stress contributes to the reproduction
of human papillomavirus at several stages [62]. Data
on the hepatitis C virus, however, are contradictory:
there is evidence of both the inhibitory effect of oxi-
dative stress on viral reproduction and the inhibitory
properties of antioxidants [11].

Viruses affect the oxidant-antioxidant balance
of the host, increasing the concentration of oxidizing
components (peroxides and nitric oxide) and redu-
cing the production of antioxidant enzymes such
as SOD, catalase, etc. Thus, oxidative stress affects
various aspects of the pathogenesis of viral infections,
and the use of antioxidants also can affect the course
of the virus-induced pathological process by different
ways.

Protective activity in tissue
and pathogenetic activity

Oxidative stress during influenza infection leads
to nonspecific damage of the pulmonary tissue and
subsequent inflammation of the Iungs [2, 13]. FR,
such asa peroxide radical and nitric oxide, are released
into the extracellular space by inflammatory cells
(activated neutrophils, producing an order of mag-
nitude greater FR than resting neutrophils) and res-
piratory epithelial cells. Accumulation of neutrophils
in the alveoli leads to the accumulation of FR, pro-
teases and products of lipid peroxidation. Damage
of pulmonary tissue at influenza is thus provided by
two mechanisms — direct viral cytotoxicity and toxic
effects in case of excessive inflammation. Obviously,
the last of these mechanisms can be neutralized with
antioxidants. Among the compounds of this group,
AA is optimal because of its effectiveness, low toxi-
city, high solubility and bioavailability, and higher
stability compared to, for example, glutathione.

OH

HO \

HO OH

Figure. Ascorbic acid
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Hennet T. et al. have shown that concentration
of the main antioxidants, glutathione and vitamins C
and E, decreases in blood plasma, lungs and liver after
influenza infecting [27]. This phenomenon increases
the susceptibility of the organism to other damaging
factors, not necessarily even of an infectious nature.

The effect of glutathione on the course of influ-
enza infection in cell culture was also studied [8]. As
a result of the experiments, it was shown that in the
presence of glutathione, the infectious activity of the
virus, as well as the expression of the M1 virus protein
and the activity of apoptotic processes, the virus-in-
duced activation of proapoptotic caspase (caspase 3),
were decreased. This was accompanied by inhibition
of virus-induced activation of the surface «death re-
ceptor» Fas.

Introduction of glutathione into drinking wa-
ter of influenza-infected mice was shown to inhibit
production of the virus in lung tissue and trachea,
suggesting the proviral role of oxidative processes
in the tissues in the course of influenza infection.
The damaging effects of innate immune factors such
as inflammatory cytokines, TLR-4 and TLR-7, NF-
kB, as well as the level of tissue infiltration of inflam-
matory cells in influenza could be prevented by an
antioxidant catalase enzyme [56].

Thus, the disturbance of the oxidation-antioxi-
dant balance in influenza infection plays a dual role
in the pathogenesis of influenza. On the one hand, an
increase in the concentration of FR leads to nonspe-
cific damage to the target tissue. On the other hand,
it contributes to the reproduction of the virus, which
further activates the infectious process.

It is known that influenza infection in mice leads
to a decrease in vitamin C content in bronchopul-
monary lavage [7], and vitamin C deficiency leads
to a significant increase in the degree of lung patho-
logy [38]. Similarly, infection with the respiratory
syncytial virus leads to a decrease in the production
of antioxidant enzymes and, as a consequence, to an
increase in the oxidative damage of cells in the res-
piratory system [29].

An increase in the level of oxidative processes
during infection explains the decrease in the level
of AA as a compound, primarily exposed to ROS.
For example, in the plasma of patients with symp-
toms of acute respiratory viral infection, the AA
content is half that of normal people and returns
to normal after recovery. It was shown that a decrease
in the level of AA in acute respiratory viral infections
(ARVI) can be neutralized by taking 6 g of vitamin C
per day [31].

Possible mechanisms of action of AA at influenza
have been studied by Cai Y. et al. [9]. It is known that
at the level of the whole organism influenza infection
leads to stress that is accompanied by the production
of glucocorticoid hormones. Their increased amount
leads to increase in the level of lipid peroxidation and
the release of ROS from the mitochondria. It is shown

that AA inhibits both the synthesis of glucocorticoids
themselves and the intensity of oxidative processes
induced by them, thereby reducing the susceptibility
of animals to influenza under stress.

On the model of liver immune damage [39],
it was shown that the use of AA significantly re-
duces the level of the main inflammatory media-
tors — IFNy, IL-4, IL-6, IL-8, TNFa, as well as
inflammatory factors such as cyclooxygenase COX-2
and inducible NO-synthetase iNOS and NF-xB.
Given that all of these factors are universal mediators
of inflammation, it can be assumed that in the case
of influenza infection this mechanism of AA activity
also takes place.

In addition to the protective activity of AA due
to its antioxidant properties, this vitamin C pos-
sesses the properties of immunomodulator. First
of all, it concerns the factors of innate immunity,
which drive the development of inflammatory re-
action. For example, important data on the mecha-
nism of AA activity were obtained by Tan P.H. et al.
[58]. It has been demonstrated that the AA treatment
significantly affects the properties of dendritic cells
reducing their sensitivity to pro-inflammatory cyto-
kines. Moreover, acting as regulatory factors, such
cells induce anergy in T cells, making them tolerant
to antigenic stimulation.

Similar results were obtained in the course of ana-
lysis of the production of inflammatory factors after
stimulation of neural cells in culture [30]. Incubation
with bacterial lipopolysaccharide led to the activa-
tion of the synthesis of nitric oxide and the expres-
sion of inflammatory mediators — iNOS, IL-6 and
MIP-2, and also suppressed the nuclear transloca-
tion of the main inflammatory trigger factor NF-xB.
In cells of endothelial origin, AA inhibited the activa-
tion of NF-xB in response to various stimuli, such as
IL-1 and TNF. It is important that along with redox-
dependent signal transduction systems, treatment with
ascorbic acid also inhibited redox-independent path-
ways of NF-kB activation. Detailed studies for iden-
tifying a specific AA target allowed to establish that
MAP-kinase p38 [5] is affected, at least by high con-
centrations of AA. Using gene-knockout mice defec-
tive in the Gulo gene, which provides the biosynthesis
of AA in mice, Bae S. et al. [3] showed that, at toxic
liver damage, the levels of proinflammatory cytokines
(TNFa and IFNy), as well as the intensity of apopto-
sis of hepatocytes and inflammatory liver infiltration,
were significantly increased in these mice compared
to controls. When infected with the influenza virus,
despite the same level of reproduction of the virus
in the lungs comparing to control animals, they dem-
onstrated much advanced lung tissue damage and in-
creased levels of influenza-specific cytokines, such as
RANTES, IL-1B and TNFa, as well as the factor NF-
kB, on early stages of the disease. In contrast, on late
stages the levels of RANTES, MCP-1 and IL-12 were
lower than in control mice [38]. In another similar
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study [36], it was shown that viral activity in the lung
tissue of Gulo (—/—) mice was increased in the ab-
sence of AA, and the production of the antiviral cy-
tokine IFNo/p was lower than in animals receiving
AA. The level of cellular infiltration and the produc-
tion of pro-inflammatory cytokines, such as TNFo
and IL-10/B in lung tissue, were increased. In general,
the results obtained indicate that vitamin C provides
an antiviral immune response in vivo by activating
the synthesis of IFNo./j.

Special attention should be paid to the influ-
ence of AA on the key components of inflammation.
Thus, ROS along with pro-inflammatory cytokines
(TNFa), hydrogen peroxide and many other fac-
tors activate the transcription factor NF-kB, which
plays an important role in cell defense, inflammation
and apoptosis [4]. In inactive form, NF-kB is bound
to the regulatory protein IxkB and localized in the
cytoplasm. These factors activate the cellular kina-
ses IKKo and IKK, which carry out the phospho-
rylation of IkB. After phosphorylation it dissociates
from NF-kB and degrades in proteasomes, whereas
NF-kB itself in free form can be translocated from
the cytoplasm into the cell nucleus where it activates
the genes of the inflammatory cascade.

Important data were obtained by studying the role
of AA in this process. After oxidation in reaction
with ROS, AA is converted to dehydroascorbic acid
(DAA). It was shown that DAA inhibits the key en-
zymes of NF-kB pathway, such as kinases IKKo and
IKKp, whereas the AA itself does not possess this
ability. AA, however, blocked the activity of another
component of the NF-kB pathway, kinase IKKB(SS/
EE), whose activity is directed to the phosphoryla-
tion of the factor IkBo. Importantly, the inhibition
of IKKa and IKK kinase activity by DAA is speci-
fic, since the activity of, for example, p38 MAP
kinase, was only slightly reduced in the presence
of very high DAA concentration (0.5 mM). As a re-
sult of inhibition of IKKo and IKK[ kinases, activa-
tion of NF-xB and its transport to the nucleus does
not occur. Thus, AA performs a dual function: first,
it neutralizes free radicals, preventing them from
activating NF-xB, and secondly, the product of its
oxidation, DAA, further blocks the activation of this
pathway. It is believed that the suppression of the
enzymatic activity of kinases occurs when the DAA
is linked to their active sites and the binding or cata-
lysis is blocked with ATP or substrate, since the addi-
tion of excess of ATP partially removed the inhibitory
effect of DAA [12]. Thus, the effect of AA is based
on the inhibition of kinase processes regulating
the activity of the main signaling pathway of inflam-
mation NF-xB.

Another mechanism of protective activity of AA
in inflammation was studied on the model of sep-
sis in Gulo (—/—) mice. It is known that one of the
mechanisms of pathogens inactivation in the body
is the formation of so-called neutrophil extracellular

traps (NET), when DNA released from destroyed
neutrophils binds virus particles and bacterial cells.
The number of such traps in mice incapable of syn-
thesizing AA was significantly higher in sepsis than
in control animals. Other sepsis-specific processes
in neutrophils, such as autophagy, endoplasmic
stress, histone modification, were also activated. All
these indicators, however, returned to normal values
after AA application [43].

In a patient with acute respiratory distress syn-
drome, signs of pathology were removed by intrave-
nous administration of high dose vitamin C, 200 mg/
kg/day [17]. Similarly, the pain syndrome and the in-
flammatory response in a patient with Chikungunya
fever [19] were eliminated for 2 days. Taken together,
the above data indicate the important role of AA as
a regulator of the inflammatory process in the body.

Concerning the use of AA at influenza, it should
be said that several studies suggest that the suppres-
sion of viral reproduction requires its relatively high
concentration (5 mM), which in terms of the human
body is about 4.4 grams per day. Obviously, the doses
used do not allow this mechanism of activity to be
realized. To increase the efficiency of absorption and
taking into account that the dose of AA higher than
1 g/day can lead to side effects, for the therapeutic
effect is recommended not oral but intravenous route
of administration. At the same time, a sharp aboli-
tion of AA after therapy can mimic its deficiency and
lead, therefore, to the development of scurvy symp-
toms. All this should be considered when prescri-
bing vitamin C for the purpose of treating the flu.
Nevertheless, the available data indicate the un-
doubted therapeutic effect of AA as a means of mini-
mizing cell death — one of the leading pathogenetic
factors in influenza, including highly pathogenic
avian influenza H5NI1 [64].

Direct antiviral activity of ascorbic acid

Speaking about the direct antiviral effect of AA,
first of all human immunodeficiency virus should
be mentioned. It is shown that clinical effectiveness
of antiretroviral therapy rises sharply with AA con-
sumption. It is important that AA in this case does not
work as a specific antiviral drug, but inhibits viral re-
production due to its antioxidant properties inhibiting
ROS that play an essential role in signal transducion
and control of gene expression [24, 41]. Suppression
of HIV replication occurs through transcription fac-
tors NF-xB, AP-1 and USF, whose activity is sup-
pressed by antioxidants [22, 32, 53]. Nevertheless, there
is evidence that AA suppresses reproduction of HIV
directly by blocking the regulation of viral reproduc-
tion at the stage of Tat-dependent elongation of the
viral genome. It was shown that the degree of this sup-
pression was not accompanied by a decrease in the ac-
tivity of the main transcription factors — RNA poly-
merase 11, NF-xB, S-1 and USF factors [23].
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It was also shown that the intravenous use of AA
in patients infected with the Epstein—Barr virus led
to a decrease in the duration of the disease, as well
as an increase in the titer of specific antibodies [42].

As early as 1978, clinical tests demonstrated that
using high doses of vitamin C (1 g per day) in com-
bination with bioflavonoids, the duration of pain
caused by herpes infection (herpes labialis) decreased
from 3.1 to 1.3 days. Moreover, with the onset of AA
administration 24 hours after the onset of symptoms
of herpes, only 6 of 26 patients (23%) reported the de-
velopment of specific vesicles, whereas at the late
start of treatment they were formed in 8 of 12 patients
(67%). Obtained results, of course, do not directly in-
dicate the role of AA, since flavonoids were involved
in the study. No evidence exists, nevertheless, of their
effect on herpetic infection, so the described clinical
effect might be attributed to vitamin C.

In cell cultures, ascorbic acid suppresses the re-
production of the influenza virus [34]. At the same
time, its reduced form, dehydroascorbic acid, which
does not exhibit antioxidant properties, exhib-
its much higher antiviral activity compared to AA.
Consequently, as in the described case with HIV,
the decrease in the infectious activity of the vi-
rus is not due to the antioxidant activity of AA, but
to other characteristics [18].
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METOAbl OLLEHKW N POJIb PECIMTUPATOPHOIO
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Pesiome. B cBeTe coBpeMeHHBIX NpeACTaBIEHU I peCIMpPaTOPHBIit B3pHIB, HANIPSMYIO CBSI3aHHBIN ¢ MpoLeccaMu ¢a-
rOLIUTO3a, XapaKTepu3yeT YHKIIMOHAIbHYIO aKTUBHOCTD (DaroUTUPYIOIIMX KJAeToK. B taHHOM 0030pe npeacTas-
JIEHBI COBPEMEHHBIE METOJbI OLIEHKU COCTOSTHU S pECITMPATOPHOrO B3phiBa (parollUTOB, OCHOBAaHHBIE HA IIUTO(MIII00-
PUMETPUYECKOM M XeMUJIIOMUHECLIEHTHOM aHanu3e. [1ogpoOHo mpeacTaBieHbl TOCIeJ0BaTeIbHOCTh M MEXaHU3MbI
peakiluil CMHTe3a aKTUBHBIX (opM kuciopoaa (ADPK) B mpoluecce pecriMpaTopHOro B3pbiBa KjieTok. OxapakTepu-
30BaHa IMOCJeI0BaTeIbHOCTL cuHTe3a 0T ADK ¢ HM3KOIM 0aKTepuLIMIHOM aKTUBHOCTBIO K ADK ¢ BhICOKOI OaKTe-
PUILIMIHOM aKTUBHOCTEIO. B 0030pe moapobHO ommcaHbl Hanbosiee MOMyIsIpHble KPAaCUTENH I HUTO(II0opruMe-
TPUUECKOTO aHaJIM3a IS OLleHKY ypoBHeil cmHTe3a ADK. [TpuBoagaTcsa XapaKTepUCTUKHU U IIPUMEPHI TTPUMCHCHU S
TaKuX KpacuTejel, Kak JIUTHIAPOdITUANH, TUXJIOPOAUTUAPOdIyopeclienH 1 auruapopoaamuH 123. IlpencraBiaeHbl
OCHOBHBI€ 3TaIlbl U MEXaHU3Mbl XeMUJTIOMUHECLIEHTHOM peakliuu. OnucaHbl 0COOEHHOCTU MPUMEHEHUSI OCHOBHBIX
WHIMKATOPOB (JIIOMUHOJ U TIOLMTE€HUH) XeMUJTIOMUHECLUEHTHON peakiuu. [IpuBoAUTCS MEXaHU3M OLIEHK M MoKa3a-
TeJiel XeMUJTIOMUHECLEHTHOM peakllMu, XapaKTepU3yIolue 0COOEHHOCTU COCTOSIHUSI U KUHETUKU PEeCUPaTOPHOTO
B3pbiBa (harouMTUPYIOLIMX KJAeTOoK. OTIeabHbII pa3aesn 0030pa MOCBIIEH POy peCMpaTOPHOro B3pbiBa (aroiu-
TUPYIOLIMX KJIETOK MPU Pa3IMYHBIX UMMYHOMATOJOTMYECKUX COCTOSTHUAX. [IpeacTaBaeHbl JaHHbBIE JTUTEPATypPhl
0 TIATOT€HEeTUUYECKOM 3HAUYECHU U U3MEHEHU ST MHTEHCUBHOCTU M KMHETUKU PECIMPATOPHOTO B3pbiBa (DAroluToB Mpu
MH(EKIMOHHBIX, BOCIAINUTEIbHBIX 1 OHKOJIOTMYeCKUX 3a0oneBaHusX. [IpuBoasiTcsS mpuMepbl HOBBIX METOJOB AUa-
THOCTHUKH ¥ MTPOrHO3a XapaKTepa TeYeHU T UMMYHOIATOJIOIMUECKHMX COCTOSTHU I Ha OCHOBE OLIEHKM PECITUPATOPHOTO
B3pbIBa (harOLUUTUPYIONINX KJIETOK. JJaHHBIe TUTepaTyphl TOKA3bIBAIOT, YTO B HACTOSIIIIEEe BpeMs ITPHU TUArHOCTHUKE
1 OIICHKE XapaKTepa TeueHU s 3a00JIeBaHNI COCTOSTHYE PECITMPATOPHOTO B3phIBa OINpEAeIIeTCs Y Pa3IMYHbIX TUTIOB
KJIETOK BPOXXICHHOTO MMMYHUTETA: HEUTPO(PUIIBI, MOHOLIMTHI U T. 1. lemaeTcs 3aKI0YeHNE O TOM, YTO OILIEHKA pe-
CITMPaTOPHOTO B3pbIBa (harOLUTHUPYIOIIMX KJIETOK MO3BOJISIET OXapaKTepPU30BaTh KaK (hyHIaMeHTaIbHbIE MEXaHU3Mbl
pearupoBaHUs KJIETOK BPOXIEHHOTO MMMYHHUTETA HAa MAaTOT€HHbIE U PEryasITOPHbIE BO3IENCTBUSI, TaK pa3padaThl-
BaTh HOBbIE BLICOKOUYBCTBUTEIbHbBIE METObI AMATHOCTUKU U MPOrHO3a Pa3BUTUS U UCXOAA pa3JIUUHbIX UMMYHOIIA-
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TOJIOTMYECKMX COCTOSTHUI. [IpencTaBieHHbIe METOMBI TPOTOYHON IIUTOMETPUHU M XeMUJTIOMIHECIIEHTHOTO aHaIN3a
ITO3BOJISIOT OMPEEISITh KAK MHTErPaJIbHOE COCTOSTHUE PECITMPATOPHOTO B3phIBA, TAK M YPOBHU M KWHETMYECKHE TTa-
paMeTphl cHTe3a OTaeNbHBIX ADK.

Karouesoie caoea: pecnupamopHoiii 83psle, hacouyumupyoujue Kaemku, Helimpoguasl, MOHOUUMbL, AKMUBHbIE opMbL KUcA0poOa,
cynepokcud-padukan, UH@eKyuoHHO-80cnarumenbHole 3a60.1e8aHUS.

METHODS OF ESTIMATION AND THE ROLE OF RESPIRATORY BURST IN THE PATHOGENESIS
OF INFECTIOUS AND INFLAMMATORY DISEASES

Savchenko A.A.*, Kudryavtsev 1.V.©4, Borisov A.G.*"

@ Federal Research Center “Krasnoyarsk Science Center” of the Siberian Branch of the Russian Academy of Sciences, Scientific
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Abstract. According to the modern concepts the respiratory burst directly related to the processes of phagocytosis charac-
terizes the functional activity of phagocytic cells. This review presents modern methods for assessing the respiratory burst
state of phagocytes based on cytofluorometric and chemiluminescent analysis. The sequence and mechanisms of the reac-
tions of reactive oxygen species (ROS) synthesis in the process of respiratory cell burst are presented in detail. The sequence
of synthesis from ROS with low bactericidal activity to ROS with high bactericidal activity is characterized. The review
describes in detail the most popular dyes for cytofluorometric analysis to assess the levels of ROS synthesis. Characteristics
and examples of the use of such dyes as dihydroethidine, dichlorodihydrofluorescein and dihydrorhodamine 123 are given.
The main stages and mechanisms of the chemiluminescence reaction are presented. The features of the use of the main
indicators (luminol and lucigenin) of the chemiluminescence reaction are described. A mechanism for estimating the pa-
rameters of the chemiluminescence reaction characterizing the features of the state and kinetics of the respiratory burst
of phagocytic cells is given. The separate section of the review is devoted to the role of a respiratory burst in phagocytic
cells in various immunopathological states. Data on the pathogenetic significance of changes in the intensity and kinetics
of respiratory burst of phagocytes in infectious, inflammatory and oncological diseases were presented. Examples of new
methods for diagnosing and predicting the course of the immunopathological states characters are presented on the basis
of an assessment of the respiratory burst of phagocytic cells. The literature data show that at present, in the diagnosis and
evaluation of the nature of the diseases characters the state of a respiratory burst is evaluated in various types of cells of in-
nate immunity: neutrophils, monocytes, etc. It is concluded that the evaluation of the respiratory burst of phagocytic cells
can be characterized as the fundamental mechanisms of reacting cells of innate immunity to pathogenic and regulatory
effects, so to develop new highly sensitive methods for diagnosing and predicting the development and outcome of various
immunopathological conditions. The presented methods of flow cytometry and chemiluminescence analysis make it pos-
sible to determine both the integral state of the respiratory explosion, and the levels and kinetic parameters of the synthesis
of individual ROS.

Key words: respiratory burst, phagocytic cells, neutrophils, monocytes, active oxygen species, superoxide radical, infectious
and inflammatory diseases.

JICMKOIMTHI, N3 KOTOPBIX HEUTPODUIBbHBIC TPaHy-
JIOLIUTHI SIBISIFOTCSI OCHOBHBIMHU 3()(OEKTOPHBIMU

BeepgeHue

OIHUM U3 APEBHEUIINX MEXaHU3MOB MMMYH-
HOM 3alllUMThl, BO3HUKIIMM Ha CaMbIX pPaHHUX
3Tarax 3BOJIIOLMU KUBBIX OPraHU3MOB, SIBJISICTCS
darouutos [21]. BnepBnie sBieHue darouumTosa
(oT rped. «phagos» — MOXUPAIOUIUI U «Cytos» —
KJIETKA) ObIJIO OTKPBITO 1 3yyeHo .M. MeuHu1KO-
BbIM (1882). OH ycTaHOBUJI, UTO (paroluTO3 — 3TO
BPOXKJICHHAasl peakllusl opraHu3Ma, IposiBJsIONIa-
sICSI B CITIOCOOHOCTM KJIETOK-(haroiuTOB 3aXBaThbl-
BaTh, IIPOHUKAIOIIKME B TEJIO XKMUBOTHOI'O, UHOPO/I -
HbI€ YaCTHUIIBI C MOCJEAYIOIIUM UX MepeBapruBaHU-
eM [35]. @arouuTUpylolIe KJIETKU B OpraHu3Me
YyeJIoOBeKa U XKUBOTHBIX ITPEACTaBICHBI IByMs THU-
namMu. Bo-mepBbiX, 3TO0 TOAUMOPQGHO-SIAEPHBIE

KJETKaMM OCTPOro BocrajieHusi. OHU MepBbIMU
MOOMIM3YIOTCS B 04ar BocnajaeHusl, OT UX (paromu-
TapHOI aKTMBHOCTM BO MHOTOM 3aBUCUT 3¢ dek-
TUBHOCTb IPOTUBOMUMKPOOHOI 3alIUThl OPraHMU3-
ma [10]. M, BO-BTOpPBIX, 3TO KJIETKM MaKpodaraib-
HO-GarouuTapHOi CUCTEMBI, B KOTOPYIO, KpoMe
MOHOLMTOB U MakpodaroB, B MHOCJIeIHEEe BpeMs
TaK>Ke BKJIIOYAIOT He3pesble NeHAPUTHbIE KJIETKU.
B mpoiiecce ¢aroumrosa makpodaraMu M3 opra-
HM3Ma TaKKe yaaJIsSI0TCS CTapelolie 1 IIoruoiime
KJetku [13].

HeszaBucumo ot Tuna GarouuTUPYIOLINX KJie-
TOK IIpolecc ¢arouuros3a 00s13aTeIbHO COMIPO-
BOXIAeTCsl pecnuparopHbiM B3pbiBoM. Ilom pe-
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OueHKa 1 pOsib PECMMPATOPHOr0 B3pblBa

CIIMPATOPHBIM B3PBIBOM (JIbIXaTEeJIbHBIN B3PHIB,
respiratory burst) B (aroudTUpyOIIUX KJIeTKax
MOHMMAETCs IPOLECC TOBBIIICHUS CUHTE3a akK-
TUBHBIX (popM Kucyopona (APK), KoTopslii pa3Bu-
BaeTcs B KJeTKax Mpu (harouuTo3e U peryasTop-
HBIX BO3IeUCTBUSX. [Ipy 3TOM KJIeTKM HAauYMHAIOT
aKTUBHO ITOTPeOJIATH Kuciaopona. B morsitue ADK,
Ha CETrOmHSIIHWUI NeHb, BKJIOYAIOT IIUPOKUNA
CHEKTp peakKIIMOHHO-aKTUBHBIX (DOPM COemIuHE-
HU# Kucaoponaa (paavKalibl, aHUOHBI), CBI3aHHBIX
C TEPBUYHBIM CUHTE30M CYMNEpPOKCUI-paauKana.
Bce ADK pensitcs Ha 1Be OCHOBHBIE TPYMIBI TIep-
BuuHble ADK n Bropuunble. K epsuunbiM ADK
OTHOCSITCSI TAKM€ MOJIEKYJbl, KaK CyIepOKCUA-pa-
nukain (0,°7) u moHookcun azota (NO). Ilocnen-
HUIi, Kak oTMedyeHo B padote FO.A. BragumMupoBa
u E.B. IIpockypHuHoii (2009), Takke MOXET omnpe-
NensAThbCS KaK akTuBHas ¢hopMa a3oTa [2].

IMepBuunbie ADK, obGnamamoliue peryysiTop-
HBIM M YMEPEHHBIM 0aKTEePUIIMIHBIM JICHCTBUEM,
CUHTE3UPYIOTCSI B KJIETKax B Ipolecce dhepMeH-
TAaTUBHOM peakIMU: CYNIepOKCUA-paarKal B (ep-
MeHTaTuBHOI cucteMe HAJIOH-oKkcnaas3bl, MOHO-
okcupa azota — NO-okcuaa30il.

O6pa3oBanue nepBuuHbix A®K akTUBUpY-
€T KOMILJIEKC (DEPMEHTOB, KOTOPbIE CUHTE3UPYIOT
propuuHble ADK. K HUM, B 9aCTHOCTH, OTHOCSITCSI
nepekuchk Bomopoaa (H,O,), cuHTesupyemas cy-
MEPOKCUAUCMYTA30i U3 CYINEPOKCUI-paanKaia,
xjgopHoBatuctas kucaora (HOCI), cuHTe3upyemas
muesionepokcuaasoii usz H,O, [17]. HekoTopsie BTO-
puunbie ADK o6pa3yroTcs B rpoliecce HedepMeH-
TaTUBHBIX peakuuii. Tak, cynepokcum-paankKan
MOXeT BCTymnaTh B peakiinio ¢ NO ¢ obpazoBaHue
nepokcuHutputa (OONO™), KOTOpbIli crocoOeH
okucysate NH- u SH-rpynmner 6enkos [2]. Bce BTO-
puuHble ADK 006JamaloT BhIpaskeHHOW OaKTepu-
IUIHOM aKTUBHOCTBIO.

Cunte3 ADK cBsI3aH He TOJIBKO ¢ MeXaHU3Ma-
MM PECUPATOPHOTO B3PbIBA, HO U C MpOliecCaMU
okuciauTeabHoro crpecca. Ilog oKHUCAUTETBbHBIM
cTpeccoM (OKCUAATUBHBIN cTpecc, oxidative stress)
MOHUMAIOTCSI TIPOLECCHl TTOBPEXKJACHUS KJIETOK
U OMOJIOTMYECKMX MOJIEKYJ B pe3yJbTaTe OKWUC-
JICHUSI, KOTOpPO€ pa3BUBAETCS IIPU TOBBIIICHUU
KOJIMYEeCTBA ITPOOKCUIAHTOB U YMEHBIICHUU CO-
nepxKaHus aHTUOKCuaaHToB [2]. Kpome Toro, AOK
MOTYT CUHTE3UPOBAThCSI B KJIETKaX U BHE KJIETOK
3a CUET pa3IUYHBbIX (PU3HMOJOTNYECKUX U MaTobu-
3MOJIOTUUECKUX TIponeccoB. JlokazaHo, uTo 95%
BCEro MoOTpeOdasieMOro KJETKOW Kucjopoaa Io-
najgaeT B MUTOXOHJPUU U y4acCTBYET B peakIlM-
SIX OKUCAUTeNbHOro (ochopunupoanus [17].
K apyrum Ba>xx HbIM (pU3UOJTOTMYECKUM Mpolieccam
¢ yuactueM ADK oTHOCITCS: CTUMYJISILIMSI MUTO3a
M aroIiTo3a, y4YacThe B MEXKKJIETOUHBIX KOMMYHM-
Kalusgx, BbICBOOOXJIEHUE CBOOOAHON apaxuao-
HOBOM KMCJOTBHI U3 MEMOpaHbl C MOCJEAYIOUIUM
CUHTE30M MMMYHOAKTMBHBIX COCAMHEHUU U T. 1.

[32]. IlIupoko U3BECTHBIM NATOMU3UOJIOTUYECKUM
npoiieccoMm ¢ yuactueM ADPK gaBisieTcs mepekuc-
HOE OKMCJIEHUE JIMMUI0B, KOTOPOe aKTUBUPYETCS
Npyu pa3BUTUM IIMPOKOIro CIieKTpa 3abojieBaHUI
[2]. B psine cnydaeB ADK kuciiopoga MOTYT UHIY-
nupoBaTh KaHueporeHes [20].

CuHTe3 ADK B npougecce
pecnMpaTopHOro B3pbiBa
darounMTUPYIOLLNX KNETOK

CriocoOHOCTh K MPOAYKIIUU aKTUBHBIX (POpM
KHUCJopoaa SIBASIETCS OAHUM M3 YHUBEPCaJbHBIX
CBOMCTB (parouMToB MO3BOHOYHBLIX U OECIIO3BO-
HOYHBIX XXUBOTHBIX. B OTBeT Ha aHTUICHHBINU
CTUMYJI UM PEryasiTOPHBIM CHUTHAJI MOBBIIIAETCS
MHTEHCUBHOCTbh MOTpeOJieHUs Kucjaopoaa ¢daro-
LHUTUPYOIIMMHU KaeTkaMu. Krciaopon HeoOXonum
HE TOJBKO AJISI TPOLIECCOB KU3HEAESITEIbHOCTU
caMUX KJIETOK (Hampumep, adpoOHOe AbIXaHUe),
HO U ABasIETCSI ocHOBOM mas1 cuHTe3a ADK, HeoO-
XOAMMBIX AJISI YHUUTOXEHU S (paroluTUPOBaHHbBIX
00beKTOB [2, 17].

KitoueBbIM  coObITMEM oOpaszoBaHus AMK
SIBJISIETCSI cOOpKa (DEepMEHTATMBHOIO KOMILJICK-
ca HAJA®H-okcunaser (NADPH-oxidase, NOX)
[17]. depmeHT mpeacTaBaseT cOOOM KICTOYHBIN
MeMOpaHO-CBI3aHHBIN MYJIbTUMOJEKYJISIPHBIN
KOMILJIEKC, JIOKAJIU3YIOUIUKCSI MPEUMYIIECTBEHHO
Ha LUTOIJIa3MaTU4YeCKO MeMOpaHe U B HEKOTO-
pBIX opraHeaax. B opraHusme yeioBeka U MJIEKO-
nuTawux BeiAeasioT 7 tunos NOX, pazinyaro-
LIMXCS 10 COCTaBY CyObEIMHMUILI, KJIETOYHON CIie-
HUGUUHOCTU, PETYJSILMU U HEKOTOPBIM IPYTUM
napameTpaM (NOXI1-5, LNOX1 u LNOX2) [42].
Hanpumep, NOXI nokanusyeTcs B pas3MUYHBIX
TUMAaX KJAETOK (3HIOTENUM, KJIETKHU TJIaJKo MycC-
KyJaTyphbl, SIIUTEIUN KUIIIEYHUKA, OCTEOKJIACTHI,
HEeWpPOHBI, IIUaJibHble KJIeTKU U (ubdpobdaacThl),
y4acTBYeT B PEryJsiliui KPOBEHOCHOTO JaBJCHMU S,
B POCTE€ U MUTpallMU IJIaAKOMBIIIEYHBIX KJIETOK.
NOX2 npenMyI11ecTBEHHO 3KCIIPECCUPYETCST B MO-
HOILIMTAPHBIX U MUEJIOLIUTAPHBIX KJIETKaX, MHUILIU-
UpYEeT pa3BUTUE PecnupaTOpHOro B3pbiBa. OCHO-
Boii HAJIM®H-okcumassl SBASIOTCS ABE MeMOpaH-
Hble eqUHUILBL: p91phox u p22phox. CyobeanHuIIa
p91phox conepxuT yyacTok cBsizbiBaHuss HAJIDOH
u npocteTudeckyilo rpynny FAD B C-kKoHleBoIi
(uuTomasmaTudyeckoit) yactu. «Phox» B cocraBe
0eKOB XapaKTepu3yeT (parouuTapHyIo pojib ¢ep-
MeHTa (phagocyte oxidase). B mpoliecce akTuBaluu
HAJ®H-okcuaassl K MeMOpaHHBIM CyOBEAM-
HUIIAM TPUCOEAUHSIOTCS LMTOIJIa3MaTUudeCcKue
cyobenuHuibl (p47phox, p67phox, p40phox) u ma-
el G-6esok Racl. Tlpouecc cOopku HauMHaeTcs
¢ 6enka p47phox, KOTOpBIil NpeaBapUTEAbHO A0JI-
KeH ObITh pochopuaupoBaH npoTenHKuHa3oii C.
Heo06xonuMbIM yCJIOBUEM 3TOIO SIBASIIOTCSI CUTHA-
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MHdekumns n uMmyHuTeT

HAODH-okcupoasa
NADPH oxidase

20, + NADPH E» 20, + NADP + H*

Cynepokcugomcmyrasa
Superoxide dismutase

Cl+H"*
Mwenonepokcuaasa
Myeloperoxidase

0, |+ H,0 + HCI

0, + [oH]+ cr

2H*

NO*

ONOO-
H,0,+ 0,

PucyHok 1. MexaHuam cuHtesa AOK ¢parouutupyrowmmm knetkamm (no Beutler)
Figure 1. Mechanism of the ROS synthesis by phagocytic cells (according to Beutler)
MpumevaHue: Ludpamm B paMkax Ha pUCyHke 0603Ha4YEH HOMEpP peakuum (MOSICHEHUS B TEKCTE).
Note: the numbers in the frame indicate the reaction number (explanation in the text).

JIBI OT PELENTOPOB (PAarolUTUPYIOLIMX KJIETOK, OT-
BeUalollMX 3a pacro3HaBaHue martoreHa. Coopka
dbepMEeHTAaTUBHOTO KOMILJIEKCa MPUBOAUT K TOMY,
YTO OAMH 13 €ro KOMIMOHEHTOB, a UMEHHO gp91phox,
npuoodpeTtaeT KOH(OpMAalUIO, CIOCOOHYIO Mepe-
JlaBaTh BJICKTPOH, ITOJYYEHHBI OT LIMTOILIa3Ma-
tuyeckoro HAJI®H, Ha Monekyny kuciopona O,
(peakuus 1 Ha puc. 1). B pesynbrare a3Toii peak-
U1 00pa3yeTcsi KOPOTKOXUBYIIIUNA CYIIEPOKCHI-
panukKaa wiu cynepokcua-aHuoH (0O,°7), couerta-
IOl B cede cBoiicTBa aHMOHA U paaukana. Cam
no cebe oH oTHocuTca K ADK ¢ Hu3KoI GakTepu-
LIUTHOI aKTUBHOCTbIO, HO CIIOCOOEH 3a1yCKaTh M0~
CJIEAYIONLYIO 1IeTlb PeaKlnii, IPUBOISAIINX K Dop-
MUPOBAHUIO TOKCUYHBIX IJsI MUKPOOPraHU3MOB
aKTUBHBIX (hopM Kucjopoga. Takzke HEOOXOAUMMO
oTMeTUTh, YT0 HAJI®H cuHTe3upyeTcs B IIEHTO30-
docdaTHOM LIMKIIE, YTO ONpeAesisieT 3aBUCUMOCTh
aktuBHoctn HAJIDH-okcnagassl OT BHYTPHUKIIE-
TOYHBIX META0OJIMYECKUX ITPOLIECCOB.

B xone cieayoleii peakliuu CynepoKCUI-pa-
nukan (peakuust 2 Ha puc. 1) B3auMoOAeHCTBYeT
C IIPOTOHAMU, B Pe3yJIbTAaTe Yero oopasyeTcs mepe-
kuch Bomopona (H,0,), oGnanaromniast BbIpaxkeH-
HOIl aHTUMUKPOOHOI aKTUBHOCTbIO. DTa peaklius
MPOTEKAET B IIPUCYTCTBUU (hepMEHTA CYIIEPOKCH I -
nucmyTasel (COJI). Ilepekuch Bomopoma crnoco0-
Ha BBI3bIBaTh OKMCJIeHUe SH-TpyII y pa3auuyHbIX
0EeJIKOB 1 BbI3BaTh IIEPEKUCHOE OKMUCJICHUE HEeHa-
CBIIIEHHBIX XKUPHBIX KMCJIOT. B opranusme yejaoBe-
Ka 1 MJIEKOMUTAIOUX cyliecTByeT Tpu Tuma CO/I,
pa3auyalonuxcs 10 JoKaJIu3aluu, Macce U BUILY
MEPEXOTHOro MeTajjia-KohakTopa B aKTUBHOM
neHntpe [18]. COJ/l1 nokanusyeTcss B LUTOIIa3Ma-

TudyeckoM kKomnaptmeHTe, COJ2 — B MUTOXOH]I-
pusx, COIN3 gBasieTcsl BHEKJIETOUYHOU (HOPMOIi.
ATOM Zn SBASIETCS CTPYKTYPHBIM KOMITOHEHTOM,
torga Kak aroMm Cu B XOAMUT B COCTaB aKTHMBHO-
ro ueHtpa COJ/1 u CO/I3. B coctaBe aKTUBHOIO
ueHtpa COJ/I2 Haxogutcst atToM Mn. B cocTaBe ak-
tuBHoro ueHtpa COJl, BbiAenAsieMbIX U3 OaKTEepUii,
Tak>ke oOHapy>kuBaeTcs atom Fe.

OOpa3oBaHue IIEPEKMCU BOAOPOAA 3aIllyCKaeT
Kackajll ITpOLIECCOB, IPUBOASIINX K (OPMUPO-
BaHUIO ellle 0ojiee TOKCMYHBIX (hOPM KHUCIOpOa.
Tak, B IPUCYTCTBUM MMUEJIOIEPOKCUIA3bI HAYM-
HaeTcsl GOpMUpPOBaHUE TaJOUAHBIX IPOU3BOIHBIX
(peakuusa 3 Ha puc. 1). [Ipy HaAMYUU TPOTOHOB
M VMOHOB XJIOpa peaklius IIpoTeKaeT ¢ oOpa3oBa-
HUEM XJIOPHOBATUCTOM (TUIMOXJOPHOM) KMCIOThI
(HOCI), obnanatoinieii BBICOKMM aHTUMUKPOOHBIM
a¢pdexTom. Tlpu B3auMomeincTBUU XJIOPHOBATUC-
TOI KMCJIOTHI C aMMHOKMCJIIOTAMHU IIPOUCXOIUT 00-
pa3oBaHUE XJIOPaMUHOB, KOTOpPbIe TaKxke 00Jjiajaa-
0T MUKPOOULIMTHBIM 1EUCTBUEM.

HOCI MoxkeT OKUCISIThCS MEPEKUCHIO BOAOpOAA
(peakuusa 4 Ha puc. 1) ¢ oOpa3zoBaHUEM CUHIJIET-
Horo kuciopoga ('O,), OCHOBHOI MMIIEHbIO KO-
TOPOTO SIBJISIFOTCSI IOJIMHEHACHIIIEHHBIC XXHPHBIC
KHUCIOThI. Pe3ysibTaTOM HepeKMCHOI0 OKMUCJICHUS
MOCHAEAHUX SABJSIETCS AeCTPYKIIM s TIOBEPXHOCTHOM
MeMOpaHbl MUKpoopraHu3MoB. C Apyroi cTopo-
HbI, IPU B3auMMOJACHCTBUU C Oenkamu 'O, cnoco-
OeH pa3pyllaTh KOBaJICHTHBIC CBSI3U MEXIy MOJIC-
kynamu yraepoga. HOCI moxkeT B3aMMOJIEUCTBO-
Bath ¢ O,°~ (peakuus 5 Ha puc. 1), B pe3yabrare
yero oopasyeTcs TuApoKCUIbHbIN pagukaa (HO®).
DTOT Ke paJguKaj oopa3yeTcsi U B XOA¢ elle OAHOMI
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peakiiui — CIIOHTAaHHOM AUCMYyTalluu (peakius 6
Ha puc. 1), KoTopass MpoTeKaeT B MPUCYTCTBUU
MOHOB XkeJie3a. B pesysibTaTe 2TON peaklMu Mpo-
UCXOMUT B3auMMOJEHCTBUE CYyNepOKCHUI-paauKaia
¢ mepexkuchio Bomopona (peaknust Menrtona) [2].
OO0pa30BaBIINICS TUAPOKCUIBHBIN pagnKal CUu-
TaeTCs OMHUM M3 CAMbIX TOKCUYHBIX METaOOJIUTOB
kuciopona. ITox ero neiicTBUeM MPOUCXOAUT pa3-
peiB HuTeir JHK u menTumHbIX CBsI3eid BHYTPU
OEJIKOBBIX MOJIEKYJI, OKUCJEHUE CYIbGOTIUIPUTD-
HBIX TPYTI U T. 1.

Cynepokcua-paadkaa MpUHUMaeT ydacTHe
ellle B HECKOJIbKMX peaklIisx, Harpumep (peak-
uus 7, puc. 1), B GopMUpOBaHUU NEPOKCUHUTPU-
ta (OONO™), oKHUCASIOWEro cyaib@ruapuibHbie
TPYIIITBI pa3JIMIHBIX MoJIeKya. Kpome 3Toro mpu
B3aMMOJICICTBUM CyMNEepOKCUApaAuKaaa ¢ BOAOU
naet popmupoBaHuu o3oHa (O;), TakKe obagaro-
IIIETO IIIMPOKUM aHTUMUKPOOHBIM JIeiICTBUEM.

MeToabl oueHkn cuHTesa APK
C NOMOLLbIO MPOTOYHOM LIUTOMETPUN

I[IpoTouHass TUTOMIYyOPUMETPUSI — COBPEMEH-
Hasl TEXHOJIOTHSI OBICTPOro M3MEPEeHUS XapaKTe-
PUCTUK KJIETOK IIPA MOMOIIM MOHOKJIOHAJIBHBIX
aHTUTE WJIN APYTUX 30HIOB, IMO3BOJSIIONIAS CY-
IUTH 00 X TUIIE (IO HAJIMIUIO TOrO MJIX MHOTO Ha-
0opa KJIETOYHBIX MapKepoB) M (PYHKIIMOHAJIBHOM
COCTOSSHHMHM (MO M3MEHEHUIO MPOTEKAIOMINX B HUX
nporeccax). [IpyHOUNIMAaIBLHBIM IIPEUMYIIECTBOM
NPOTOYHON MUTOMETPUM IO CPAaBHEHUIO C IPYTH-
MU OOIIEHPUHSATBIMUA U OOCTYIHBIMU JadopaTop-
HBIMUA METOJaMM KJICTOUHOTO aHaIM3a SIBJISICTCS
aHaJIU3 WHIAWBUIAYaJIbHBIX IMapaMETPOB KaXKIOU
KJIETKM TpOoaHaJIU3UpOBAaHHOIO oOpasiia. AHAJIU3
OCYILIECTBJISIETCSI B IPOTOYHOM siyeiike mpubopa,
rae IpY IMOMOIIH «TUIPOIUHAMUYECKOro (POKyCH-
pOBaHUsI» YaCTUIIBI BBICTPAMBAIOTCSI TaKMM O0Opa-
30M, UYTOOBI ITPOXOAMTH Yepe3 30HYy aHaI13a 10 0Je-
penu — oaHa 3a apyroii. Kpome Toro, coeBpeMeHHbIE
OpUOOPHI MOTYT PETUCTPUPOBATH HECKOJILKO Iapa-
METPOB IJISI KaXI0M OTAECIBbHOMU KJIETKU CO CKOPO-
cThio 10 10° KJIETOK B CeKyHAY, TOrla Kak aHajiu3
00J1bIIOro KOJIMYeCcTBa KJIeTOK (10 107 KJIeToK 1 60-
Jiee B OOHOM 00pa3Iie) ITO3BOJISIET JOCTUTATh BHICO-
KOl CTaTUCTUYSCKOM JOCTOBEPHOCTH ITOJIyYaeMBbIX
pesyabTaTtoB. [IprMeHeHre TIOTUISCKUX OTpaHde-
HUI1 (BBeAeHUE B IIPOTOKOJI UCCICIOBAaHM S Pa3INy-
HBIX 30H aHaJM3a IS KJIETOK UJIN «[eMTOB» OTHO-
BPEMEHHO) IOMNYyCKaeT OompeacieHre HECKOIbKHX
CcyOomomyasiinit KJICTOK B OTHOM 00pa3siie. DTO 0Co-
OEHHO BaXXHO ITPU XapaKTECPUCTUKE T€TEPOTreHHBIX
KJIETOYHBIX TIONYJISILUU — HAlpUMep, JEUKOLUTHI
nepudepruIecKoii KpoBH, Cpeau KOTOPBIX MOXKHO
BBISIBUTH OTIIEJIBHO HEUTPOMUIBI 1 MOHOIIUTHI JJIS
oneHKH ypoBHS nmpoaykunn ADK kaxxnoii KjieTod-
HOU monyasnuu (puc. 2).

Kak yxe oTmeyanoch, MpolEecC MOIIOIIEHUS
obbeKkTa harouTo3a KJIETKOW COMPOBOXKIAeT-
ca obpaszoBaHMEM B (paroamszocomMe IMIUPOKOTO
cnektpa A®K, obGnamaommux OaKTepUIIMIHBIM
nerictBueM. st vcciaeqoBaHUs pas3jaUdHBIX MPO-
IYKTOB OTHUX peakKIUil IUPOKO TIPUMEHSIOTCS
MeTOAbl MPOTOUYHOU LUTODII0OpUMEeTprU. B Ha-
CTOs11Iee BpeMsl UCIIOJb30BaHUE creupUIECKUX
(bJIyOpecleHTHBIX KpacUTeaeil IO3BOJUIO0 U3Yy-
YUTh MPOAYKIIMIO MPAKTUUYECKN BCEX KHMCIOPO/I-
HBIX paaukaJioB y darouutoB. B Tabaune npuse-
JIEHbl HEKOTOpbIE U3 3TUX Kpacutesneil. HecmoTps
Ha IIMPOKUI CIEKTP HM3BECTHBIX KpacuTelei,
HauboJiee YacTO B UMMYHOJOTMYECKUX HCCJIeNO-
BaHUSX IPUMEHSIOTCS TOJBKO TPU, a UMEHHO —
JTUTUAPOSTUINH, AUXJOPOAUTUAPODIyOopeCenH
U quruapoponaMuH 123. Bce aTu KpacuTtenu crio-
COOHBI CMMTOHTaHHO AU DYHAUPOBATH CKBO3b MEM-
OpaHy KJIETOK M HaKallJIMBaTbCS B ILIMTOILJIa3Me.
s a2(bdeKTUBHOro BO30YXAEHUSI 3TUX Kpacu-
TeJel TIPUMEHSIOTCS UCTOYHUKHM CBeTa ¢ JJITMHOMN
BOJIHBI OKOJI0 488 HM, TO €CTh caMble paclpocTpa-
HEHHBIE U JOCTYITHbIE OOJBIIMHCTBY AMATHOCTH-
yeckux Jadboparopuii. s peructpaumu gpayopec-
LEHIMU B cllyyae AUTUIPOITUANHA UCITOIb3YETCS
GUABTP € JAJIMHOW BOJIHBI MPOITYCKAHUS OKOJIO
610 HM (KaHaJ MPOTOYHOTO IIMTOMETpa, I/ie UACT
peructpanuu GUKOIPUTPUHA), TOTIA KaK B cayydae
IUXJI0pOoauTruApodIyopecienHa U JUTuapopoaa-
MUHa 123 peructpanus curHajaa OCyIlIeCTBISIETCS
B auana3oHe 510—520 HM, 4YTO COOTBETCTBYET Ka-
Hany ot peructpanuu OUTLLL

I'uaposTtuaud (IMrUAPOITHAUH). JUTUIAPOSTU-
JIVH TIPUMEHSIETCS ISl UCCAENOBAHMUS IMTPOAYKIIMH
cynepokcui-paaukaina. Ilocie cioHTaHHOTO Mpo-
HUKHOBEHUSI 4yepe3 MeMOpaHy (arouuTupyloiei
KJIeTKH, OOYCJIOBJIEHHOr0 HaJWu4WeM JUIOMPUITb-
HBIX CBOWCTB, MUTUAPOITUINH B3aUMOJEUCTBYET
¢ O0,°” c obpazoBaHUEeM IBYX (yopeclupyIOImnX
dopm — stuauyma (E*) u 2-ruapokcusatuamyma
(2-OH-E"). Ilpu sToM moka3zaHoO, 4TO (HOPMUPO-
BaHue E* BbI3BaHO HecreuudUYECKUMU OKUCTU-
TEJIbHO-BOCCTAHOBUTEJIILHBIMU PEAKIIMSIMU, KOTO-
pble HE UMEIOT MPSIMOr0 OTHOIIEHUS K o0pa3oBa-
HUIO cyrnepokcua-paaukana [50]. B To xe Bpems
2-TUAPOKCUATUANYM, CIEKTpaJbHbIE XapaKTepH-
CTUKHU KOTOPOTO BeCbMa OJIM3KU K TakKoBbIM E*, Ha-
KaIlJIMBaeTcs B KJIETKaX TOJIbKO B IPUCYTCTBUHU CY-
nepokcua-paarkana. Oda oo6pa3oBaBIINXCS B XO/I€
OKMCJIEHUS] BellecTBa CIIOCOOHBI MpU OOJYyUYEHUU
MCTOYHUKOM CBeTa C NJIMHOU BOJHBI 0K0Ji0o 500 HM
ucnyckaTtb GIyopeclueHIIMd B KpPacHOW YacTu
CMEKTpa ¢ MAaKCUMYyMOM B paiioHe 610 HM. OmHaKo
MHTEHCUBHOCTb UX (DJIyOpEeCHeHIIMU 3HAYUTETbHO
BO3pacTaeT Mocje HAKOIJIEHUS B MUTOXOHAPUSIX
WJIY TI0CJIe TIepeMelleHU s B SIAPO KJIEeTKU, TOe OHU
cesspiBatores ¢ JJHK [16]. Oco6o cienyer mogyepk-
HYTb TOT (aKT, YTO APYrue akTUBHbIE (HOPMBI
kucjopoga — Harmpumep, ONOO~-, OH*®* u H,0, —
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PucyHok 2. Mpoaykuusa akTuBHbIX GOopM Kucnopopaa Hentpodpunamm (ructorpamma A-B) n MoHouMTaMU
(F'-E) nepudepunuyeckoit KpoBu

Figure 2. Reactive oxygen species production by peripheral blood neutrophils (histogram A-C) and monocytes (D-F)
Mo ocn abcumMcec — MHTEHCUBHOCTb GiyopecLueHumMn agurnapoatnamHa (Am ), 2,7-ouxnopoaurungpodnyopecuenHa (b v 1)
naurngpoponamMmnHa 123 (B 7] E) COOTBETCTBEHHO; N0 OCK OpANHAT — KOJIN4ECTBO NMNPOaAHANM3NPOBAHHbLIX KJIETOK.

CepebIM LLBETOM NpefcTaBneHa cnoHTadHas npoaykums AQK, yepHeim — npoaykums AOK nocte 15 MyH nHKy6aumm kneTok
nepudepunyeckoi Kposu B npucyTcTame 50 Hr/mn dpopbonosoro adpupa. HenTpodunbl BblAENEHBI HA OCHOBAHMM 3KCMPECCHm
CD16, MOHOUMTLI — Ha OCHOBaHuK akcnpeccun CD14.

X-axis — the fluorescence intensity of dihydroethidine (A and G), 2’,7’-dichlorodihydrofluorescein diacetate (B and D)

and dihydrorhodamine 123 (B and E), respectively; the y-axis — the number of cells. Gray — spontaneous ROS production,
black — peripheral blood cells were incubated in the presence of 50 ng/ml of for 15 min PMA. Neutrophils were isolated based
on CD16 expression, while monocytes were isolated based on CD14 expression.

Ta6nuua. PnyopecueHTHble KpacUTeNu, NpUMeHseMble 419 UCClieA0BaHMS NPOAYKLUN aKTUBHbIX popm
Kucnopopga npv nomMoLuu NnpoTo4YHoM uutodnioopumeTpumn
Table. Fluorescent dyes widely used by flow cytometry to study the reactive oxygen species production

Kpacurtensb Ex/Em, Hm Jlvuranpg

Fluorescent dye Ex/Em, nm Ligand
MppoatuauH (aurnapoatnaut)/Hydroethidine (dihydroethidine) 520/610 0,°*-
H?D'CF-I-I, 2',7'-,:_w|rup,pop,uxnop-oqn-wopecueuHa Avauetat/ 498/522 H,0,, OH®, ROO*
2',7'-dichlorodihydrofluorescein diacetate
Amplex Red 360/460 H,0,,
DHR, auruppopogamut 123/dihydrorhodamine 123 505/529 H,0,, HOCI, ONOO-
DMA, 9,10-gumeTunaHtpaueH/9,10-dimethylanthracene 375/436 0,
CHD, 1,3-uuknorekcanguon/1,3-cyclohexanedione 400/452 OH*
APF, amuHodenundnyopecueuH/aminophenyl fluorescein 500/520 HOCI, HO®
DPBF, 1,3-audennnusobensodpypart/1,3-diphenylisobenzofuran 410/455 0,°,'0,
B-dukoaputpun/p-phycoerythrin 520/580 ROO*®
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CIOCOOHBI OKHUCHISATH IUTUAPOSITUIUH HMMEHHO
no E*, yTo He Mo3BOJISIET paccMaTpuBaTh JaHHBIA
KpacHUTeJIb B Ka4eCTBE CIEeIIMMUIECKOro JIJIsl OTpe-
neyieHus1 ypoBHs1 nponykKiuu O,°~ daromutupy-
IOIIMMHU KJIeTKaMu. BMecTe ¢ TeM ucrnonb3oBaHue
MUTUIPOITUINHA TTO3BOJISIET CYIUTh O CIIOCOOHOC-
TH KJIETOK K (DOPMUPOBAHUIO aKTUBHBIX (POPM KHC-
JIOpOJia B IIEJIOM, YTO HE CHUKAET ero KJIMHUYECKO
3HAYMMOCTH MPU JUATHOCTUKE U ITPOrHO3€ XapakK-
Tepa TEUYeHUS IIMPOKOro crekTpa 3abosieBaHUM,
CBSI3aHHBIX C HAPYIIEHU MU (DaroluTapHOro 3BeHa
BpoxXAeHHOro nmmyHuteta [33]. Ha monenu skc-
MEPUMEHTAJbHBIX XKUBOTHBIX Ha OCHOBE peaKIuu
IUTUIPOITUIMHA pa3paboTaH IIPOTOKOJ OIlpe-
NEJIEHUSI aKTUBHOCTU MMUEJIONIEPOKCUIA3BI in VIVO
U ex vivo B apTepUsIX IUIsI OLIEHKW BOCTAJIUTEIbHBIX
MpolieccoB U 3aboaeBaHut cocynoB [43].

OrpaHudeHusl, CBSI3aHHBIE C Hecleluduiec-
KUM ¢opMUpOBaHUEM (yopeclupyrommnx ¢Gopm
IUTUAPOITUINHA, PACIIPOCTPAHSIOTCS WM Ha €ro
IBa OCHOBHBIX aHajiora — THIPOIPOIUIANH
nu MitoSOX™ Red. T'maponponuauH SBASETCS
BOJOPACTBOPUMBIM aHAJOIOM IUTUIAPOITUIMHA,
JIMIIEHHBIM JIMTTOMUIBHBIX CBOMCTB, OJlaroga-
psl HAJIMYUIO CUJBLHOTO TIOJIOKUTEIIbHOIO 3apsiia
y MosiekyJibl [31]. JlaHHast 0COOEHHOCTb CTPOCHMU ST
MOJIEKYJIBI TIPEIOTBpAIIAET €€ IOrJIoIIeHe KIIeT-
KaMHM, YTO TO3BOJISIET MCITOJb30BaTh 3TOT (hJIyo-
PECHEHTHBII 30H JIJI5I U3BMEPEHU ST BHEKJIETOUYHOTO
CYTNepOKCHI-paarKaja IIpy oMol hJIyopuMeT-
puM, a He MPOTOYHOI HuTomerpuu. Kpacurenb
MitoSOX™ Red npuMeHsITCS AJisl OLEHKU YPOBHSI
CYNepOKCHUI-pairKajla B MUTOXOHIPUSIX KJIETOK
MpU TOMOIIM (DIYOPECIEHTHOW MMKPOCKOITUH
U IMTPOTOYHOU LUTOPIyopumeTpum [38].

AJNBTEepHATUBOW MTUTUIPOITUAMHA MOTYT CIy-
KUTh BbICOKOCHElMpuUIecKre Kpacureiu, (iayo-
peCLeHIIN I KOTOPBIX HE 3aBUCUT OT OKMCIUTETBHO -
BOCCTAaHOBUTEJIbHBIX peakinii. Hanmpumep, coenu-
HeHUs Tumna ouc-(2,4-1MHUTPOOEH30ICYIb(POHUIT)
dayopecuenHos [34].

H,DCFH (2,7-nuxaopoauruapodiyopecuenH).
2,7-1UXJOPOAUTUAPODIYOPECUEUH TOAYUYUT IIU-
pOKOe pachpocTpaHeHUue B WMMYHOJIOTMYECKUX
W IUTOJIOTUYECKUX WCCIEIOBAHMUIX OJiarogaps
ToMy, 4To B ¢dopme aumaierata (DCFH-DA) on
CIIOCOOEH CITOHTaHHO IPOHUKATh Yepe3 MeMOpa-
HYy KJeTok [15]. TTocae mpoxoxaeHUus1 MeMOpaHbl
MoJ1 AeicTBUEeM HecnelnduIecKx acTepas, JoKa-
JIM30BAaHHBIX B IMTOILIa3Me KJIETOK, OH IIpeBpa-
maeTcs B Hedaroopecuupymollee coeAUHEHUE —
nuxjgopoauruapodayopecuernH (DCFH). B npu-
CYTCTBUM II€POKCHUIA3bl ITPOUCXOIUT OKHUCIICHUE
DCFH 3a cuer H,0,, mocine yero DCFH mnepe-
xoauT B dopMmy auxjopodiyopecuenHa (DCF),
o0Jraaloniero BbIpaxkKeHHOW hrroopeclieHIInei
B 3eJieHOl vacTu criektpa. MIMeHHO 3Ta (opma
KpacuTeJIsi U PETUCTPUPYETCs B KJIETKaX ITPU MPO-
BEIEHUM aHajiu3a C MOMOIIbIO METOMIOB MPOTOY-

Hoil uutodayopumerpuu. Hanpumep, Wang Y. et
al. (2017) na ocHoBe aHanu3da ¢ DCFH-DA oxapak-
TEPU30BaJU COCTOSIHUE PECIUPATOPHOIO B3pbiBa
Makpodaros npu hopMHUPOBAHUU aTEPOCKJIEPO-
TU4YEeCKOM OasaKHu [47].

HecMmoTps Ha mIMpoKoe MpUMEHEeHUe JaHHOIo
KpacuTeass B UMMYHOJIOTUYECKUX UCCeNOBaHU-
SIX U B KJIeTouHo# ouosoruu B 1ieaom, DCFH-DA
HE MOXET CJIYXXUTb HalleXKHbIM UHAUKATOPOM JJISI
omnpeaejieHUss BHyTpukieTtouHoir H,O, u apyrux
A®K 110 1IEe7I0MY psiny NpuYuH. Bo-TIepBBIX, 3TOT
Kpacutenab HerocpeactBeHHo ¢ H,O, He pearupyeTt
¢ (popmupoBaHueM @(IYOPECLEHTHOTO COeanHe-
HU S, UCMIOJb3YEMOr0 JJIsd peructpauuu dayopec-
HEHIIUU TIPY TTOMOIIM IIUTOMETPUU. BO-BTOpPBHIX,
MOMMMO TEePEeKUCU BOAOpPOIA B LIUMTOIJIa3Me KJie-
TOoK okucjaeHrue DCFH MoXeT mpoucxoauThb 1 Mo
nerictBueM ruapokcuabHbix (HO®), mepokcuiib-
HbeiXx (ROO°®) pamukajJoB U HEKOTOPBIX IPYTUX.
Takxke cylnecTBEHHbIM OTpPaHUYEHUEM SIBJISIETCS
U TOT (paKT, YTO MpPOMeXKyTouHas hopMa Kpacure-
151 DCFH — DCF+~ — cnocoOHa caMOCTOSITeIbHO
pearupoBaTh C KUCJIOPOJIOM C OOpa3oBaHUEM Cy-
MEepoOKCUI-paauKaaa, KOTOPbIi, B CBOIO OYepeb,
B XOJe AucMyTaluu (GOpMUPYET BHYTPUKIIETOU-
HYy10 mnepekuch Boaopona. I[locienHee coObITHE
npuBoauUT B Oosiee 3D(HEKTUBHOMY OKUCIECHUIO
DCFH Bo ¢ayopecuupyomyo ¢GopMy U CONpo-
BOXJAETCS <«UCKYCCTBEHHOW» aMIlIubuKaluen
(bJIyOpPEeClIECHTHOTO CUTHaJjJa, PErucTpupyeMoro
npu aHanuse KjaeTok [24]. W, HakoHell, peaoKc-
aKTHBHbIC MOHBI MeTaJJI0B (Hanmpumep, Fe?), Bxo-
NSIIIAE B COCTaB aKTUBHBIX LEHTPOB IIMPOKOIrO
CIIEKTpa BHYTPUKJIETOYHBIX (PepPMEHTOB, CIIOCOO-
HBI KaTajqusupoBatb okuciaeHue DCFH, uto Toxe
BbIpaxkaeTcs B yCUJICHUU (PJIyOpEeCUEeHIINU KJIETOK.
OTU 0OCTOSITENIbCTBA HAKJANbIBAIOT CYIIECTBEH-
Hble orpaHuyeHusi Ha npumeHeHue DCFH-DA
KakK BbIcOKocTmenuduieckoro ¢GayopecleHTHOTO
KpacuTess sl OLeHKHM ypoBHsS nponyKinu ADK
KJeTKaMHi, OJIHAKO HE CHUXAlT ero Momyjiasp-
HOCTM KaK IoKa3aTesis IS OLEHKU pas3jiudHBbIX
OKUCJIMTETbHO-BOCCTAHOBUTEJIBHBIX ITPOLIECCOB,
NpoTeKaloluX B XKUBbIX cucTemax [30, 48].

Jurunpoponamun 123 (DHR123). Kak u guxjo-
poauruapodayopecluent, nuruapopogaMuH 123,
obGanaomnii TMno@UuJIbHBIMU CBOMCTBAMU, CIO-
co0eH cnoHTaHHO AU(MGYHAMPOBATH Yepe3 00JIb-
IIUHCTBO KJETOYHBIX MeMOpaH B BuAe HedJyo-
PECLIUPYIOIIETO COeAUHEHHUS. YK€ B LIUTOIIa3Me
MoJ NeVCTBUEM OKUCIUTEN S, B KAUeCTBE KOTOPOTO
BBICTYIIa€T TMEPEKUCh BogopoAa (a Takxke B MpU-
CYTCTBME mepokcuaasbl, nutoxpoma C MU IBYX-
BaJICHTHOTO XeJie3a), KpacuTesJb MpeBpallaeTcs
B pogaMuH 123, dayopecuupyrolmiii B 3ejJeHOM
YacTU CIIEKTpa ¢ MAKCUMYMOM 0KoJio 529 HM. Tak
Kak pogamMuH 123 obGiamaeT KaTUOHHBIMU CBOT-
CTBaMM, TO OObIYHO OH HaKalJMBAETCSI B COCTaBe
MUTOXOHIPUA.
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OKUCIeHNEe AUTUIPOPOTAMUHA MOXET ITPOUC-
xonuth nox aericreueM HOCI u nmepoCKUHUTpUTA
ONOO-, dopmupylolierocsi B xoae peakluu OK-
cujia a3oTa U CylepoKcua-paarkaia, oopa3zoBaB-
IIAUMHCS B pe3yJibTaTe OBICTPOrO M CIIOHTAHHOTO
pacnana TepoKCMHUTpuUTa. TakuMm oOpa3oM, JaH-
HBIU Kpacutenb okucasercs ONOO™ omnocpeno-
BAaHHO UM HE MOXET pacCMaTpUBAaThCsI B KayeCTBE
CITeIM(UIECKOro MapKepa HJIS €ro perucTpaluu
B KJIeTKaX. boJjiee Toro, mpoMesKyTOUHBII pagnKal
nuruapopogaMud — DHR® — cnocoGeH pearupo-
BaTh C MOJIEKYJIaMU KHUCJIOPOJa, YTO COMPOBOXKIa-
eTCsl MCKYCCTBEHHOU aMmmiudukanuein gayopec-
HEHIIMY KJIETOK 3a CYeT IEeHCTBHUS MOJIEKYJI Kpa-
cuTessl, HakonuBIIuXxcs B kjaeTke [49]. HecmoTtps
Ha CTOJIb HU3KYIO CITeIM(MUIHOCTh B BBISBJICHUE
KOoHKpeTHBIX ADK B KjeTKax, JUTUAPOPOIAMUH
IIUPOKO MPUMEHSIETCS B UMMYHOJIOTUYECKHUX WC-
cienoBaHus. bojee Toro, UMEHHO 3TOT dyopec-
HEHTHBIM KpacUTEeNIb SIBJISIETCS <«30J0THIM CTaH-
ITapTOM» B ITWArHOCTUKE TaKOrO IEPBUYHOTO MM-
MYHOIEeMUIINTHOTO COCTOSHUSI KaK XPOHUUYECKAs
rpaHyJjemMaTo3Has 60je3Hb [45].

B pa6ore Havixbeck J.J. et al. (2015) npone-
MOHCTPHPOBAH MHOTOITAapaMETPUUYESCKUI TTOIXO]I,
OCHOBaHHBIN Ha IruaTopme Ui BU3yaIW3allun
NPOTOYHOM IIUTOMETPUU IS M3YUYeHUsS aHTH-
MHUKPOOHBIX peaklnii ¢aronuToB MPOTUB T'paM-
OTpulIaTeJbHBIX OakTepuit Aeromonas veronii [27].
W3BecTHO, 4YTO 3TOT BO30OYANTEIb BBI3bIBAECT BhIpa-
JKEHHBIE BOCHAJIUTEIIbHBIC PEAKIINN Y PA3INIHBIX
BUIOB XXMBOTHBIX, BKJIIOUAs JTIIOACH. YCTaHOBIIEHO,
4YTO MHTEHCUBHOCTL (harouurtos3a A. veronii B UC-
clIeAyeMOM TIPOMEXYTKE BpEMEHM HaXoOMJach
B IIPSIMOM 3aBUCUMOCTH OT aKTUBHOCTHU pecrupa-
TOPHOT'O B3pbIBa. BMecTe ¢ TeM ¢ MOMOIIBIO MTPO-
TOYHOW LIMUTOMETPUM BBIACICHBI (GpaKLIUW Ma-
Kpodaros, B KOTOPBIX CBSI3bIBAaHWE W (PArOLMTO3
A. veronii He KOppeaupoBaj C YPOBHEM CHUHTE3a
A®DK. ABTOpBI OTMEUAIOT, UTO IIPEICTaBICHHBIN
MU MHOTOITapaMeTPUUIECKUU ITOIXOH, OCHOBAaH-
HbIIA HAa TTPOTOYHOW LIMTOMETPUU HAa OCHOBE aHa-
JI3a U300pakeHM i1, TTO3BOJISIET ITPOBECTHU Cerpera-
W0 YHUKAJIBHBIX TOMYJIIIUi ¢GaronquToB U U3y-
YUTh UX MOCIEAYIONINe aHTUMUKPOOHBIE PEaKIINH.

XeMUnioMNUHECLUEHTHbIV aHann3
pecnmpaTopHOro B3pbiBa
parounTUPYIOLLINX KNETOK

JIpyruM MeToI0M OLIEHKHU COCTOSIHU ST pecupa-
TOPHOTO B3pbiBa (arolUTUPYIOIINX KJIETOK SIBISI-
eTCsI XeMUJIIOMUHECHeHTHBIN aHanu3. [Ton aromu-
HECLIEHLIMEU MOHUMAETCS IIUPOKUN pSIa peaKIInid,
B KOTOPBIX BO30Y>KIEHHBIC MOJIEKYJbI MEePeXonasT
B OCHOBHOE COCTOSIHME C HCHYCKAHUEM KBaH-
Ta cBeta [2, 10]. JTloMUHECHEHLIUST XUMUUECKUX
peaki Ml Ha3bIBACTCd XEMUJIOMUHECLEHIIMEN.

XeMUJTIOMUHECILEHIIU I JOBOJIBHO YaCTO BO3HUKA-
eT B peaKIUsIX OKHUCICHUS UJIU MPU PEKOMOUHa-
UMW pagukasoB. 1 ee BOBHUKHOBEHUS MPeX /e
BCEro HeoOXoaMMO, YTOOBI OOIIast BblIaeJIsieMasi
sHeprus Obl1a 6oJibiie 70 KKaja/MoJb (3TO COOT-
BETCTBYET AMAIa30HY SHEPruit BUAMMOUN 00IacTU
criektpa 400—700 HM). B 3TuX ycloBUSIX MOXKET
0o0pa3oBaThbCs 3JEKTPOHHO-BO3OYXKIEHHBIN MpPO-
IYKT, BO3BpallleHUEe KOTOPOTO B OCHOBHOE COCTO-
STHUE COMNPOBOXAAETCS W3JIyYeHUEM BUIUMOTO
cBeTa. CBeUeHUE 3TO NOBOJBHO cjlabo€e, MOCKOIb-
Ky KBaHTOBBIIi BBIXOJ 9JIEKTPOHHO-BO30YKAEHHO-
ro npoaykrta HeBbicok (0,001—0,1). ITpu aToM mox
KBAHTOBBIM BBIXOJIOM XEeMUJIOMUHECIEHIIMU TI0-
HUMAaEeTCsl YUCJIO UCITYIIEHHBIX KBAHTOB Ha OUH
axKT peakuuu [2].

Brigensior 3 riaaBHBIX 2Tana XeMMUJIIOMUHEC-
HeHTHoU peakuuu [2, 10, 14]. IlepBbIM sABsIETCS
MOATrOTOBUTEJbHBIN TAIl, B paMKaX KOTOPOTO OCYy-
LIECTBJISIETCS MNpeBpalleHe WCXOMHBIX peareH-
TOB. C TOUKM 3pEHUSI MEXaHU3Ma PECITMPATOPHOIO
B3pbIBa Ha 3TOM 3Tale OCYLIECTBISETCS CUHTE3
A®K. Bropoii aTam onpenensieTcss Kak KJII04eBO,
B paMKaxX KOTOPOTo 00pa3yloTCcs NPOAYKThl XMMMU-
YyecKoll peakluu (TO €CTh B3aMMOJeiCTBUE NOHOB
U PaJuKaaoB) — YacThb U3 HUX HAXOAMTCS DJIEKT-
POHHO-BO30Y>KJIEHHOM COCTOSIHUMU. M Ha TpeTbeM
aTarle OCYIIECTBJISIETCS UCITYyCKaHWE KBaHTa CBETA,
a TaKk>ke pa3MYHbIe MPOLIECChl 0e3bI3TydaTeIbHON
JIe3aKTUBAlMM SMUTTEpa XEMUJIIOMUHECLEHIIUU
U, COOTBETCTBEHHO, MEpexo] 3JIEKTPOHHO-BO3-
Oy>XXJIEHHOM MOJIEKYJIbI B «CTTIOKOMHOE» COCTOSTHUE.
JaHHBII 2Tan xapakKTepusyeTcsl TAKUMM IoKa3a-
TeJSIMU, KaK BpeMs XU3HU dMUTTEPA U KBAHTO-
BbIl BBIXOJ JIIOMUHECLEHIIMU. B CBSI3U ¢ TeM, 4TO
0o0Opa30BaBIIMECs Ha KJIIOUEBOW CTaIUU JIEKTPOH-
HO-BO30yXJIEeHHasl MOJEeKyjJa dMUTTepa He BCEr-
Jla Ae3aKTUBUPYETCS UCIyCKaHWEeM KBaHTa CBeTa,
KBaHTOBBI BBIXOJl TIOMUHECLIEHIIUM MHOTHX BO3-
Oy>KJAEHHBIX MPOAYKTOB ObIBaeT HU3KUM. s ycu-
JIEHUSI WHTEHCUBHOCTU XEMUJIIOMUHECILIEHTHOM’
peakluMu WCHOJBb3YIOT METOH CEeHCUOUIU3ALIUU
u3jydyeHus. Has 2TOro B XEMUJIOMUHECUEHT-
HYI0 TTpoOy A00aBJSIIOT CHELUadbHbI aKLENTOP
u3yyeHus (MHAWKATOpP, aKTWUBATOP, BTOPUYHBINA
SMUTTEP), HAa KOTOPBI OCYIIECTBISIETCS Oe3bI3-
JIy4aTeJIbHBI MEPEeHOC IHEPTUU JTEKTPOHHO-BO3-
Oy>KJIE€HHOU MOJIEKYJbI C TTOCAEeNYIOIINM UCITyCKa-
HUeM KBaHTa cBeTa. KBaHTOBBII BbIXOM MTOJOOHBIX
XEMUJIOMUHECHIEHTHBIX peaKIMil 3HAYUTEIbHO
yBeJaMUYrBaeTcs. B 3aBUCUMOCTU OT MPUCYTCTBUS
B PEaKIIMOHHOW CMeCU MHIAMKATOPOB UJIMU UX OT-
CYTCTBUS XEMUWJIIOMUHECIIEHTHAsl peaKIus orpe-
JlesIeTCsI, COOTBETCTBEHHO, KaK aKTUBUPOBaHHAas
(3aBUCHMAasi OT MHAMKATOpa) WJIU HEaKTUBUPO-
BaHHas [14]. OGs3aTebHBIM TPEOOBAHUEM K I1O-
MOOHBIM WHAWKATOpaAM XEeMUWJIIOMUHECILIEHTHOM’
peaxkiuu SIBJISIETCSI OTCYTCTBUE KAaKOTo-J1MOO BO3-
NeCTBU S Ha OMOJIOTUYECKUE OOBEKTHI.
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B kadecTBe OCHOBHBIX MHAMKATOPOB, KOTOPKIS
Ha CErOOHSIIHMWI IEHb MCITOJNB3YIOTCSI B XEMU-
JIIOMUHECIIEHTHOM aHaJiu3e OLEHKU COCTOSIHMS
pEeCnMpaTopHOro B3pbIBa BBICTYMNAIOT JIOMUHOM
u mouureduH [2, 10]. Jliomunon (CgH,N;0O,) npen-
CTaBJIsIeT cO0OI OeJible UU CBETJIO-KEJIThle KpU-
CTaJlJIbl, XOPOIIO PaCTBOPUMBIE B MOJSIPHBIX Opra-
HUYECKHUX PACTBOPUTEISIX U MPaKTUIECKU HE pac-
TBOpUMBIE B Bojae. JIIOMMHOJ B3auMOIEHCTBYET
co Bcemu (popmamu ADK. D10, 6e3ycIOBHO, OTIpe-
JIeJsIeT HEBO3MOXHOCTb €ro MCHOJb30BaHUS IS
OLIECHKM YPOBHSI cMHTe3a KOoHKpeTHoi ADK, Ho,
C IPYroi CTOPOHBI, MTO3BOJISIET MHTEIPaJbHO OXa-
pPaKTeprU30BaTh COCTOSTHUE PECITUPATOPHOTO B3PbI-
Ba arolUTUPYIOIIUX KJIETOK.

Kpome noMuHOMa, B KaUyeCTBE XEMUJTIOMUHEC-
LIEHTHOr0 WHAMKATOpa TaKxe HIMPOKO MCHOJb-
gyeTcsl gwouureHuH (N,N-guMeTuaouakpugmni-
Hutpart). [IpeactaBasieT co00il 30JI0TUCTO-XKEJIThIe
KpUCTaJJbl XOPOIIO pacTBOpUMbIe B Bome. Hau-
OoJsiee YYBCTBUTEJIEH K CYINEPOKCUI-PadUKaITy.
B cBSI131 ¢ 5TUM, JTIOLUTEeHUH-3aBUCUMAsT XEMUJTIO-
MMWHECLIEHIIUSI MPEUMYIIECTBEHHO HCIOJIb3yeTCs
JIIST OLIEHKYW YPOBHSI CMHTE3a JaHHOUW MepBUYHON
A®DK [2, 10].

Tak>xe 11 OLIEHKU COCTOSIHUS PECITUPATOPHOTO
B3pbIBa (ParolMTUPYIOIIUX KJETOK MCIOJb3YIOT-
Ccd U Apyryue XeMUJIOMUHECIIEHTHbIE WHAUKATOPHI.
Tak, aHajoroM JIOMUHOJA SIBJISIETCS WHIUKATOP
L-012 (8-amuHO-5-x10p-7-peHunnupuno|3,4-d]
nupunasun-1,4-(2H,3H)auon). Cuutaercsi, 4TO
MHTCHCUBHOCTh XEMUJIOMUHECHEHIINN IIPU WC-
noyib3doBaHuu L-012 B 100 pa3 Bbllle, 4eM B JIO-
MUWHOJI-3aBUCUMON XeMUJIIOMUHeCLIeHIUU [2, 51].
Kpome Toro, pazpaboTaHbl MOJIEKYJIBI ellle Oosee
YCUJIMBAIOIINE XEMUJTIOMUHECHEHTHYIO aKTUB-
HocTh L-012. Tak, B pabote Ichibangase T. et al.
(2014) coob1iaeTcsi, YTO YYBCTBUTEJbHOCTh OITpe-
nenenust H,O, B XeMUJTIOMUHECLIEHTHOI peakiuu
L-012 B xommnekce ¢ 2-(4-runpoxkcudeHun)-4,5-
JIU2-MTAPUIUT)UMUIA30J0M U 4-HioadeHo oM co-
ctaBuJjia 0,29 u 1,5 mMoab COOTBETCTBEHHO [29].

PazpaboTtaH XeMUIIOMUHECLEHTHBIA MHAMKA-
TOp 2-MeTuI-6-[p-mMeTokcudeHum|-3,7-nuruapo-
umuaasoll,2-ajnupasuH-3-on (MCLA), koTophblit
SBJISICTCSI YYBCTBUTEJIBHBIM K CUHIJIETHOMY KWC-
JIOpony U Cyllepokcua-paaukany [46]. B paGore
Hosaka S. et al. (2005) npoaeMOHCTpUPOBAH METO/,
OLEeHKM 3P(PEeKTUBHOCTU aHTUOKCUIAHTOB II0 MX
CHUXeHUI WuHTeHcuBHOCTU MCLA-3aBUCUMOIt
XeMUJIOMUHecUeHUuu [28].

TakuMm obpa3zoM, B 3amace ucciaegoBareseit pe-
CITUPATOPHOIO B3pbiBa (DAarolUTUPYIOLIUX KJIETOK
MMeeTCsT IMUPOKUU CHEKTP XEMMIIIOMUHECIICHT-
HBIX WHIWKATOPOB, ITO3BOJISIOIINX C BBICOKOU
CTETNEeHBbIO YYBCTBUTEIBHOCTU OILIEHUBATh KaK MH-
TerpajibHoe COCTOSIHUE PECIMPaTOPHOro B3pbIBa
(BeCch CMHTE3UPYEeMBbI KJIeTKaMu KoMIIeKec ADK),
Tak u oTaesibHbie ADK.

KuHeTrka XeMUWJIIOMUHECHEHTHONH peakiuu
MpU OLIEHKE PECUPATOPHOIO B3pbIiBa HEUTpobU-
JIOB KPOBU Yy 3[I0POBBIX JIIOJIEl HA TIPUMEpPE JTIOMU-
HOJIa ITpeJicTaB/ieHa Ha PUCYHKe 3, Iie OTOOpa kKeHbl
CIIOHTaHHas XxeMuialoMuHecueHuus (1) u 3uMo-
3aH-UHAYLVMpOBaHHAas (2) HEUTPOMUIbHBIX TIpa-
HyJoUMTOB. Hannuue 4eTKo BbIpaxk€HHOU KUHE-
TUKUW CIIOHTAHHOI XeMUJIIOMUHECHEHIIUU CBSI3aHO
C JeicTBUEM KOMIIJIEKCa Pa3IUYHBbIX PEryysTop-
HBIX (haKTOPOB Ha KJETKHU (Hampumep, U3MEHEHUE
cocTaBa cpelbl, TeMIepaTyphbl U T. A.). OncoHu3u-
POBaHHBIA 3UMO3aH SIBJSIETCS HauboOJee pacrpo-
CTPaHEHHBIM MHIYKTOPOM JbIXaTeJIbHOTO B3pbIBa
darouutupyomux kiaetok [10]. 3uMozaH mpen-
CTaBJisgeT coOOll mMoaMcaxapui, CcoaepxKaliuics
B CTeHKaX Apoxxkeit Saccharomyces cerevisiae. Kpo-
M€ WHAYKIIMWA PEeCUpPATOPHOIro B3pbiBa (arounu-
TOB, 3UMO3aH TaKKe CITOCOOEH aKTUBUPOBATh KOM-
MJIEMEHT B MPUCYTCTBUU MpOIEepArHa MO aJibTep-
HaTUBHOMY NMyTU. ONCOHU3UPOBAHHBIA 3UMO3aH
UHIYLHPYyeT 0oJjiee MUHTEHCUBHBIU peciupaTOPHBIA
B3PbIB (haroliuTUPYIOLIUX KJIETOK, YEM UCXOAHBIN.

XapaKTepUCTUKY COCTOSSHUSI PECIIUPATOPHOTrO
B3pbIBa OCYIIECTBSIOT MO CJIEAYIOIIMM IToKa3aTe-
JISIM, PETUCTPUPYEMBIM OTAEIbHO AJI51 CTOHTAHHOM
U UHAYLUWMPOBAHHON XEMUJIOMUHECHEHIIMHU: Bpe-
M$ BbIXOJa Ha MakCUMyM (3), MAaKCUMYM MHTEH-
CUBHOCTU XEMUJTIIOMUHECUEHIIN Y (4), TIJIOIaab MO
KPUBOU XEMMUJIIOMUHECUEHIIUU U UHIEKC aKTUBa-
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Figure 3. Kinetics of spontaneous (1) and zymosan-
induced (2) chemiluminescence of blood neutrophils
in healthy people

MpumevaHue: Lundpamm Ha pucyHke 0603HaYEHbI:

3— BpeM4 BbIxo4a Ha MakKCUMYM XEMUTTIOMUHECLEHLLUW]

4 — MakKCUMYM XeMUJTIOMUHECLEHLNN.

Note: the digits in figure is indicated: 3 — time to peak
chemiluminescence; 4 — maximum of chemiluminescence.
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uuu. BpeMs BbIXoJa Ha MAaKCUMYM XapaKTepusyeT
NJIUTETBbHOCTh PAa3BUTUSI MaKCUMaJlbHOW aKTUB-
Hoctu cuHTe3a ADPK oT MoMeHTa aHTUIE€HHOM
WJIM PEryjasiTOPHOU HMHAYKIUU PEeCHUpaTOpPHOTO
B3pbIBa (harolMTUPYIOIIUX KJIETOK. DTOT MEePHUO/I,
npexe BCEero, 3aBUCUT OT COCTOSIHUSI BHEILIHEN
LUTOIIa3MaTUYECKOU MeMOpaHbl U MeTaboau3-
ma kJietok [10]. ITpu ocTpbrIX MHPEKIITMOHHO-BOC-
NaauTebHbIX 3a00€BaHUSX, KOTIa HEUTPODUITbI
HaXoJsITCSI B aKTUBUPOBAHHOM COCTOSIHUU, BPEM ST
BbIXOJa HAa MAaKCUMYM XEMUJIIOMUHECUEHIIUU CO-
Kkpamaetcs [11]. B To ke BpeMs pu XpOHUYECKUX
BOCIAJIUTEIbHBIX TIpolieccax, Ha (pOHEe CHUKEHUS
aKTUBHOCTU OCHOBHBIX METa0OJUYECKUX TTPOIeC-
coB B (darouuToB, BpeMs BbIXOoJa Ha MaKCUMyM
XEMMUJIIOMUHECIIEHTHOU aKTUBHOCThH YBEJIMYMBa-
eTcsl. MakcuMyM MHTEHCUBHOCTU XeMUJIIOMUHEC-
LEHIMU OIpeaesasieT MaKCUMalbHYI0 aKTUBHOCTh
cunte3da ADK xkietkoii. Iliomanb 1mon KpuBOM
XEMMUJIIOMUHECUEHIIMA MHTErpajibHO XapaKTepu-
3yeT Bech Komruiekc ADK, BeipabaTbiBaeMbIx a-
rouuTamMu 3a ucciaeayeMblii mepuoia. MakcuMyM
MHTEHCUBHOCTM U ILJIOIIAIb MOA KPUBOW TaKXKe
3aBUCSAT OT (QYHKIIMOHAJIbHO-METabOINYECKOTO
COCTOSIHUS (harouuTUpPYyOIIUX KjaeTok. MHaekc
aKTUBAllMM BbIYUCISIETCS Yepe3 OTHOIIEHUE TJIO0-
1aayd noj KpUBOM MHAYLMPOBAHHONW XeMUJTIOMMU--
HECLIEHIIMU K TUJIOIIAAW MOA KPUBOW CIIOHTAHHOU
XEMMJIIOMUHECIEHIIUU U XapaKTepu3yeT Haau4due
BHYTPUKJIETOUYHBIX META0OJMUYECKUX PE3ePBOB
TSI peain3aluy peCIupaToOpHOTO B3PhIBA.

B 1nesoM, MOXHO 3aKJIIOYUTh, YTO XEMUJTIOMU-
HECLIEHTHBI aHaJiu3 SBJSIETCS BBICOKOUYBCTBU-
TEJbHBIM U 1a€T BO3MOXHOCTb MOJyUYEeH U I OECKOH-
TaKTHOW UH(MOPMAIlMK O COCTOSIHUM pecrupaTop-
HOTro B3pbiBa (harouuTUpPYIOIIUX KJIeToK. Kpome
TOTO, Ha OCHOBE XEMUJIIOMUHECIIEHTHOTO aHaJIn3a
TaK>Xe HWMEEeTCSI BO3MOXHOCTbh OLIEHKU BJIMSHUS
Pa3JIMYHBIX PETYASITOPHBIX (PAKTOPOB U MATOT€HOB
Ha GyHKIUIO (haroiuToB.

Ponb pecnmpaTtopHOro B3pbiBa
HarouUTUPYIOLLMX KNETOK NPU pasnyHbIX
NMMYHOMATOreHEeTUYECKMX COCTOAHNAX

M3MeHeHre COCTOSTHUSI pECITUPATOPHOrO B3PhI-
Ba (arouMTUPYIOIINX KJETOK BbISBISICTCS IIpU
MHOTMX WMMYHONATOJOTMYECKUX COCTOSTHUSIX.
HaubGonee BbIpaxkeHHble W3MEHEHUST B CHUHTE-
3e ADK cdarouuramu oOHapyXeHbl HpU MHMEK-
LIMOHHO-BOCITAJIUTEIbHBIX 3aboneBaHUsIX. Tak,
O.B. beparornna u A.B. Epmosa (2016) ¢ momo-
L0 METOAOB MHPOTOYHOM HMTOMETPUU YCTAHO-
BUJIU, 4TO TIpU (UOPO3HO-KaBEPHO3HOU (opme
TyOepKyJje3a y 00JbHBIX B Nepudeprudeckoi Kpo-
BU CHUXAETCS MHPOLEHT MOHOIMTOB CHOCOOHBIX
K cuHTe3y cyrnepokcua-paaukana [1]. Tlpuuem
CHMXXEHHE KOJMYeCTBa JaHHOM (paKIMU MOHO-

IIUTOB OCYIIECTBIISIJIOCh CHHXPOHHO TTOHUXEHUIO
NOTJIOTUTENbHOM CIOCOOHOCTHU KJIeTOK. B paGoTte
Scharn C.R. et al. (2016) moka3aHO, 9YTO MaKpO-
daru yserkux ciiabee CUMHTE3UPOBAJIU MEPBUYHBIE
ADK (cyrnepokcua-paanKaa U MOHOOKCHU]T a30Ta)
npu Tyoepkyaese [40]. Saengmuang P. et al. (2014)
OOHApYXWUJIN CHUXEHWE WHTEHCUBHOCTH PECHH-
paTOpHOTO B3pbiBa HEUTpO(DUIOB M haromuTo3a
npu MHGUIIMPOBAHUM KJIETOK BHYTPUKJIETOUYHOM
naToreHHol Oaktepuein Burkholderia pseudomallei
[39]. HauboJsiee BbIpakeHHbIE HapylleHUs (PyHK-
IIMOHAJILHOM aKTMBHOCTHU (DarolUTOB BBISIBJICHBI
y TIOKUMJIBIX JIIOJIE U JINIL ¢ HApYIIEHHBIM TJIMKE-
MUYECKUM OOMEHOM.

BupycHble MHpEeKIIMU TaKXKe BIUSIOT HA COCTO-
sSTHUWE pecnupaTOpPHOIo B3pbiBa (parolMToB. YcTa-
HOBJIEHO, YTO BO3[IeAICTBME Ha TPAaHCMEMOpaHHbII
peuenTop Bupyca repreca (HVEM), KoTopslii aKc-
MpeccupyeTcst Ha HEUTPOPUIBHBIX TPaHYJIOIIUTAX,
BbI3bIBae€T akKTUBALUIO 3(PEOeKTOpHBIX (PYHKIMUII
KJIETOK JaHHOW TOMYJSIIIMU, BKJIOYasi pecrupa-
TOPHBIM B3PbIB, AerpaHysalUI0, cekpeuuto [L-8
u darouutos [26]. Takoit ahdekT onpenenasieTcs
TeMm, yTo HVEM BXoauT B cOCcTaB ceMeiicTBa pelie-
TOpoB (hakTOpa HeKposa omyxoyuu. PaszButue pe-
CIMPATOPHOTO B3pbIBa HEMTPO(DUIOB KPOBU B OT-
BET HAa BUPYCHYIO MH(MEKIINIO 3aBUCUT OT UX CTE-
neHwu 3pejioctu u peHotuna. B padore Pliyev B.K.
et al. (2012) moka3aHo, 4TO Ha (DOHE T'PUIIIIO3HOM
MHGEKIIMY B KPOBU ITOBBIIIAJIOCH KOJUYECTBO
HeiTpodunoB ¢ deHorunom CD35-CD49d*, ko-
TOpble OBIJIM OXapaKTepU30BaHbl KaK KJIETKH
C YMEHBIIIEHHOW 3epHUCTOCTbIO M ITpU3HAKaMU
MmeTtamuenouuTos [36]. ITpu atom y CD35-CD49d*-
HEUTpOUIOB TaKkKe BBISBIISIIICSI 0Oojiee HU3KUI
YPOBEHb PECIIMPaTOPHOIo B3pbiBa U (haroimuTo3sa.
Tripathi S. et al. (2015) npeacraBjieHO uccenoBa-
HHUE CTUMYJIHUPYIONIe aKTUBHOCTU KaTeIUIIUIMHA
LL-37 (cathelicidin LL-37, n1ru30coMaibHbIi 6€TOK
MakpodaroB U HeUTPo(dUIOB) HA COCTOSTHUE pe-
CIIPaTOPHOTO B3pbIBa HEWTpodUI0B Ha (pOHE MH-
dexuuu Bupycom rpumnma [44]. YcTraHOBJIEHO, YTO
KarenuuuauH LL-37 cTuMynaupyeT pecrnupaTop-
HBII B3PBIB MOJUMOPMHOSIICPHBIX TPAaHYIOLIUTOB
MOCPEJCTBOM B3aMMOJACHCTBUS 4Yepe3 HopMUI-
nentuAaHbIA perentop 2 (FPR-2).

Kak orMeuasioch BBIIIE, XeMHJIIOMUHECIIEHT-
HBIII aHAJIU3 TTO3BOJISIET OLIEHUBATh U PETYJISITOP-
HbIE OCOOEHHOCTHM PECIMpPaTOPHOTO B3pbIBa (ha-
TOLIUTUPYIOIIMX KJIeTOK. Tak, Ha OCHOBE XeMUJIIO-
MMHECIIEHTHOTO aHaJIn3a peclupaTopHOro B3pbiBa
HEUTpOo(dUIOB KPOBU pa3paboTaH METOI OLEHKHU
KJieTouHoli yyBcTBUTEeAbHOCTU K IFNo2 [5]. B pa-
6ore JI.M. KypracoBoii ¢ coaBT. (2016) nmokasaHo,
4TO y JeTeil ¢ uH(peKLueid, BbI3BAaHHOU BUPYCOM
OnurteiitHa—bapp, B OCTphIil mepuos 3a00JieBaHU S
OTMEYAaeTCsl YMEHBIIeHUEe Auarna3oHa KJIETOYHOM
YYBCTBUTEJIbHOCTU JEeUKOUMTOB KpoBU K [FNa2
M HabJomaeTcss 3aBUCHUMOCTH KJIETOYHOM YyB-
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CTBUTEJABHOCTHU OT J03bI MpenapaTa U TIKECTHU 3a-
oosneBaHus [4]. [TonyyeHHbIEe JaHHBIE, IO MHEHU IO
aBTOPOB, CBUAETEIbCTBYIOT O HEOOXOAMMOCTU UH-
NWBUAYaJbHOTO MOAX0Ma K MHTephepoHOTEepanuu
y AeTeil ¢ MHGMEKIIMOHHBIM MOHOHYKJIEO30M, BbI-
3BaHHBIM BHUpycoM DrmiuTeitHa—bapp.

Boipaxxennble maMmeHeHusi cuHTeza ADK da-
TOLUMTUPYIOIIMMHU KJEeTKaMU OOHapyXeHbl IIpU
UHGEKIIMOHHO-BOCHATUTEIbHBIX 3a00JIEBAHUSIX.
OOHapyKeHO, YTO Y OOJIbHBIX PACITPOCTPAHEHHBIM
THOMHBIM MEPUTOHUTOM COCTOSIHUE pecrnupaTop-
HOT'O B3pbIBa HEUTPOGUIOB XapaKTEepU3yeTCs IMO-
BBIIIIEHUMEM YPOBHSI CUHTE3a KaK MEPBUYHBIX, TaK
n BTopuaHbIX ADK [11]. [ToBBITIIaETCS CKOPOCTH aK-
tuBan HAJI®H-okcuaassl, 4T0, OMHAKO, MOXKET
MPUBECTU K OBICTPOMY META00JINYECKOMY UCTOIIIE-
HUIO HelTpoduioB. YcTaHoBIeHa WHOOPMATUB-
HOCTb MoKa3aTeJieli peClupaTOpPHOTO B3pbIBa HEll-
Tpo®dHUIOB B MIPOrHO3€ pa3BUTUS A0AOMUHATBLHOIO
cercucay 00JIbHbIX paCIPOCTPAHEHHbIM THOMHBIM
neputonutoM (PI'TI) [6]. Y 6onbHbix PI'TI, y KOoTO-
pBIX B TMHAMUKE MOCJEONepalMoOHHOTO Tepuoaa
pa3oBbeTCS a0AOMUHAJBHBINA CEICUC, XEeMUJIIO-
MMHECILIEHTHAas1 aKTUBHOCTbh HEUTPOMDUIOB KPOBU
XapaKTepUu3yeTcsl TOHUXKEHHBIM YPOBHEM CITOH-
TaHHOTrO cuHTe3a NepBUYHBIX ADK 1 moBbIIIEH-
HbIM YPOBHEM CIIOHTAaHHOTO CUHTE3a BTOPUYHBIX
A®K. YpoBHU CUHTE3a MEPBUYHBIX M1 BTOPUIHBIX
ADK HeidiTpobwiiaMu TIpU UHIYKIUU pecriupa-
TOPHOI'O B3PbIBa ONICOHU3UPOBAHHBIM 3UMO3aHOM
HE3HAUYUTEJIbHO Pa3IMyalOTCs B IpyInax 00JbHBIX
PI'TI B 3aBUCMMOCTH OT MOCJEAYIOLIEro pPa3BUTHUSI
cercuca B TocJjieornepaliioHHoM rnepuone [7]. AB-
TOpaMU BBISIBJIEHA 3aBUCUMOCTbh XeMUJIIOMUHEC-
LIEHTHBIX MoKa3aTeJeil HeUTpodUI0B OT coaepKa-
Hust TNFo u IL-6 B KpoBu.

B pa6oTe Sikora J.P. et al. (2008) npeactaBjieHbI
pe3yabTaThl HCCIEAOBAaHUS OCOOEHHOCTEU CHH-
Te3a ADK HeliTpodmiiamMm y neTeil ¢ OXKOToBOit
00J1€3HbI0 Ha (POHE pPa3BUTUSI CHUCTEMHOI'O BOC-
naauteabHoro otBeta [41]. TlpomeMoHcTpupo-
BaHa 3aBUCUMOCTb COCTOSIHUSI PECHUPATOPHOTO
B3pbIBa HEUTPODUIOB OT KOHIIEHTPALIUU HEKOTO-
PBIX IIUTOKUHOB B KPOBU. YCTAaHOBJIEHO, UYTO MPU
pPa3BUTUM CHUCTEMHOI'O BOCIAJUTEIbHOIO OTBETa
y JeTeil ¢ OXOroBoit 00Je3HbI0O WHTEHCUBHOCTh
KHUCJIOPOAHOI0 MeTabosim3mMa (arouuTUPYOLINX
KJIETOK CHMXaeTcs. ABTOPbl OTMEUAIOT HajJauyue
KJIWHWYECKOW 3HAUYMMOCTHU MoKaszaTeJdell IIUTO-
MeTpuyeckoro aHaauza Ha ocHoBe BURSTTEST
B MPOTHO3€ XapakKTepa TeYEeHUS CUCTEMHOI'O BOC-
NaJuTeTbHOIO OTBETA.

B pa6ore O.B. CmupHoBoOIi ¢ coasrt. (2016) mmo-
Ka3aHO, YTO y OOJbHBIX MEXaHUYECKOU XKEeJITYXOU
(M2X), BbI3BaHHOI >XeT1uyeKaMEHHOU OO0Je3HbIO,
WUHTEHCUBHOCTbH CHOHTAHHOM W 3UMO3aH-UHAY L U-
POBaHHOW JIIOMUHOJI-3aBUCUMON XeMUJIIOMUHEC-
LEHIMU HEUTPOUIJIOB OblJIa CHUKEHA MO CpaBHE-
HUIO C KOHTPOJIbHBIMU 3HaUeHUsIMU [12]. TTpu M 2K

3JIOKAYECTBEHHOro reHe3a OOHapy>KeHO IOBbIIIIE-
HME MHTEHCUBHOCTU 3MMO3aH-WHIYLMPOBAHHOMN
XeMWJIIOMUHECIIEHIIMU HelTpoduioB. Takke mpu
MK ob6HapyxXeHa 3aBUCUMOCTb MEXIy WHTEH-
CUBHOCTBIO XEMMJIIOMUHECIEHIIUU HEUTpodUIoB
1 YpOBHEM OMJIMpPYyOMHA B KPOBU.

B HacTosi111ee BpeMsI UHTEHCUBHO UCCAEAYEeTCS
pOJIb PAa3JIMYHBIX TUIIOB (ParolMTUPYIOIINX KJe-
TOK B OHKOreHese. bosiblIoil MHTEpeC BBI3BIBAIOT
HUcciIenoBaHusl (PyHKIIMU HEUTPODUIOB U MOHO-
LIMTOB KPOBU, UTO CBSI3aHO C UX POJIbIO B PEryJisi-
U1 UMMYHHBIX peakIMii 1 B peaJin3aliuy BocIia-
JIUTENbHBIX MPOLIECCOB MPU OIMYX0JIEeBOM pocTe |3,
9]. AKTyaJIbHOCTb U3Yy4YeHU ST HGU3UOJOTUU U PYyHK-
WU JSHIPUTHBIX KJIETOK OMNpeaesseTcsi Heo0Xxo-
TMUMOCTBIO paciindpoBKU (yHIaMEHTAJIbHBIX Me-
XaHU3MOB MHUIIMAIINY aAalITUBHOTO UMMYHUTETA
U TIPAaKTUYECKON 3HAUYMMOCTBIO TpU pa3paboTKe
KJIETOUYHBIX TeXHOJOruit uMmyHotepanuu [19].
Pan uccnenoBaHUll MOCBSIIIEHO HEOAHO3HAYHOM
posiu makpogaros B onyxoau [22, 37]. He MeHb-
WA WHTEepPeC BbI3BIBAIOT MCCJENOBAHUS POJIU
HeUTpodUIOB B OHKOreHe3e. DTO CBSI3aHO, C TEM,
4TO HEUTPOMUIIBI, SIBIISSICH BBICOKOPEAKTUBHBIMH
KJeTKaMM, pearupyloT IpakTUYEeCKU Ha J0ble
M3MEHEHU ST BHYTPEHHENW cpeabl opraHn3Ma, B TOM
yucjie M Ha omnyxoJieBblit poct [8, 13]. JlokazaHo
UTOTOKCUYECKOE JeMCTBUE HEUTPOPUIBHBIX
rpaHyJOLIMTOB Ha pakoBble KaeTku. Kpome Toro,
oOHapyKeHO, UYTO €CJIM Ha paHHUX CTaAUusIX pa3BU-
TUST OITYXOJW HEUTPODUIBl peaiu3yIoT MPOTUBO-
OMYXOJIEBYIO CTpaTeruio, TO Ha MO3AHUX CTaIUSIX
OHKOIeHe3a BbISIBJISIETCS IPOOITyXoJieBasi aKTUB-
HOCTb HeliTpoduioB [25].

C moMolIbI0 XeMUJIIOMUHECILIEHTHOTO aHaJn3a
0OHapyKEeHO, YTO y OOJbHBIX PAKOM MOYKHU HAOJIIO-
JaeTcsl TIOBBIIIEHHBIW YPOBEHb PECIUpPaTOPHOro
B3pbIBa HEUTPODUIOB KPOBH, KOTOPHII ONIpEIeIsi-
eTCsl CHHTE30M KaK MEPBUYHBIX, TAK 1 BTOPUUHBIX
A®K [8]. TIpu 3TOM OOHapykKeHbI B3aUMOCBSI3HN
Mexay ypoBHeM cuHTe3a ADPK 1 heHOTUITMIEeCKUM
coctaBoM HelTpoduaoB. Tak, eciu y 310pOBbIX
JIoAe MHTEHCUBHOCTh PECIUPATOPHOrO B3pbIBa
Obljla MOJIOXKUTEIbHO B3aMMOCBSI3aHa C KOJau4e-
ctBoM CDI11b"-, CD62L"- u CD64"-HeiiTpoduios,
TO TPU OHKOJIOTUYECKOM 3a00JieBaHUU TaHHBIE
KOPPEASIIIUU ObLIN TOTEPSTHEI.

B pa6ore JI.M. KypracoBoii ¢ coast. (2016)
YCTAHOBJIEHbBI OCOOEHHOCTU M3MEHEHMSI COCTO-
SIHUSI PECIIUPATOPHOrO B3pbIBa HEUTPOMUIOB
y OOJBHBIX PakKOM IMOYKM M MOUYEBOIO Iy3bIPs
B AMHaMuKe 3aboyieBaHus [3]. OOHapyKEeHHbIE U3-
MEHEHUSI 3aBUCST OT JIOKAJW3allUU OITYyXOJIEBOTO
nporecca. Y OOJbHBIX PAaKOM MOYKW U3MEHEHMU S
NPEeUMYIIECTBEHHO 3aTparuBalOT MNPOAYKIIUIO
nepBudHbIX ADPK, y OOJBHBIX paKOM MOYEBOTO
My3bIpsi — HadyaJbHbICE CTAAUM OKUCIUTETHLHOTO
meTabonusma u BTopuuHbie ADK. OOHapyxXeHO,
YTO BOCCTAHOBJIEHUE KOMIIEHCATOPHbBIX META00I 1~
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YeCKUX BO3MOXHOCTe HeUTpoduI0B KPOBU B MO-
CJIEOTIEPALIMOHHOM TIepUoje ObICTPee MPOUCXOIUT
y O0JbHBIX pakKoM MoueBoro my3bips. Ilpu uccne-
JIOBAHUUW AaKTUBHOCTU PECIUPATOPHOIO B3pPbIBA
U eHoTHIa MOHOILIMTOB KPOBU Y OOJTBHBIX PAKOM
MOYKU OOHAPYXKEHO, YTO UHTEHCUBHOCTb CUHTE3a
A®K cHuxkeHa [9]. IIpu 3TOM yCTaHOBJIEHBI OCO-
OEHHOCTMU B paclipeleJeHUM UHTEHCUBHOCTU pe-
CITUPATOPHOI'O B3phIBA MO CYOMOMYJISIIMSIM MOHO-
LIMTOB: CHUXKAETCS aKTUBHOCTb PECHUPATOPHOTO
B3pbIBa B MOHOIIMTaX ¢ (peHoTuriom CD14*CD16-,
HO TMOBBIIIAETCSI B MOHOLIUTAX € (HEHOTUIIOM
CDI14*CDI16" u CD14**CDI16".

Takum o6pa3oM, olleHKa peCIupPaTOPHOIO B3PhI-
Ba (harouMTUPYIOLIMX KJIETOK ITO3BOJSIET OXxapak-
Tepu3oBarh yHAaMEHTaJIbHBIE MEXaHU3MBbI pear-
pPOBaHUSI KJIETOK BPOXJIEHHOIO MMMYHUTETa Ha Ma-
TOT€HHBIE M PETYISITOPHBIC BO3ICUCTBUS, a TaKXke
pa3pabarbiBaTh HOBBIE BHICOKOYYBCTBUTEIbHBIC ME-
TOJBI TMarHOCTUKU U IPOTHO3a pa3BUTHSI U UCX0Aa
pPa3JIMYHBIX MMMYHONATOJOTUUYECKUX COCTOSTHUIA.
TpencraBiaeHHbIE METOMBI ITPOTOYHOM IMTOMETPUM
U XEMUJIOMUHECLIEHTHOTO aHaJiu3a MO3BOJISIIOT
OIpenessTh KaK MHTEerpajJbHOE COCTOSTHUE PEeCIu-
paTOpPHOTO B3pbIBa, TAaK U YPOBHU U KUHETUYECKIE
napaMeTpbl CUHTe3a OTAeIbHBIX ADK.
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OCOBEHHOCTU MUKPOBUOMA BEPXHUX
OTAEJNIOB PECMUPATOPHOIO TPAKTAY JETEW
C PELUAUBUPYIOLLUNMU PECTTUPATOPHbIMU
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Pestome. ViccaenoBaHus MeTareHOMa BEPXHUX OTAEIOB PECITMPATOPHOTO TPAKTa y ATl MOKa3aly IIPUCYTCTBUE TISITH
OCHOBHBIX 0aKTepualibHBIX (puiIyMoB: Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria v Fusobacteria. BoisB-
JICHBI TIOMTYJISIITUOHHBIC Pa3IUYUs B paclpeAe/ICHUN yASIbHBIX BECOB BBIIIE TIEPEINCICHHBIX (DIIIYMOB, HO ¢ 00s3a-
TeJbHBIM TOMUHHUpOBaHUEM Firmicutes. lokazaHa poirb (paKTOPOB OKPYKAOIIEH cpelbl M BpeMEHH rofa Ha IIpeacTa-
BUTENLCTBO B 3TUX OMoTONax puiaymoB Firmicutes, Proteobacteria, Bacteroidetes. PeumauBupytoniye pecrimpaTopHble
WHGEKINA, TUTIePTPpOodrsT MIHIATUH JTUM(OUIHOTO TIIOTOYHOTO KOJIbIIA, CEKPETOPHEIC CPEIHIE OTUTHI Y €T ac-
COLMUPOBAHBI ¢ HOCUTENLCTBOM Haemophilus (H.) parainfluenzae, H. paraphrohaemolyticus, Gemella (G.) haemolysans,
G. morbillorum, G. sanguinis, Streptococcus (S.) pneumoniae, S. pseudopneumoniae, S. intermedius, S. agalactiae.

Karouesnle caosa: ducouos epxuux dvixamenvHulx nymeii, baxmepuaivrslie uiymol, 2Unepmpopus MUHOAAUH AUMPOUOHO2O0
2/10MO1H020 KOAbY.

FEATURES OF THE MICROBIOME OF THE UPPER RESPIRATORY TRACT IN CHILDREN WITH
RECURRENT RESPIRATORY DISEASES

Shabaldin A.V.*?, Shabaldina E.V.?, Simbirtsev A.S.¢
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Abstract. Studies of the metagenome of the upper respiratory tract in children showed the presence of five major bacterial
phyla: Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria. Were revealed population differences in the
distribution of weights of the above listed phyla, but subject to the dominance of the Firmicutes. Proved the role of environmen-
tal factors and time of year for representation in these biotopes of the phyla: Firmicutes, Proteobacteria, Bacteroidetes. Recurrent
respiratory infections, hypertrophy of the tonsils of the lymphoid pharyngeal ring, secretory middle ear infections in children
is associated with carriage of Haemophilus (H.) parainfluenzae, H. paraphrohaemolyticus, Gemella (G.) haemolysans, G. morbil-
lorum, G. sanguinis, Streptococcus (S.) pneumoniae, S. pseudopneumoniae, S. intermedius, S. agalactiae.

Key words: dysbiosis of the upper respiratory tract, bacterial phyla, hypertrophy of the tonsils of the lymphoid pharyngeal ring.
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MukpobroM pecnupaTOpHOTO TpaKTa y aeTei
C PEUUAUBUPYIOUIMMU PECIUPATOPHBIMU 3a00-
JIEBAHUSIMU U TUNepTpodueidi MUHIAIUH TUMDO-
UIHOTO INIOTOYHOI'O KOJIblla MPOI0JIKAEeT aKTUBHO
usyvatbes [20]. CoBpeMeHHbIE METOIbl BBICOKO-
MPOAYKTUBHOIO CEKBEHUPOBAHUS U HAJIMUUE OT-
KPBITBIX 0a3 maHHBIX MUKpoopranuizmon (NCBI/
BLAST) mo3BOJSIIOT paclIUPUThL TTPEACTaBICHU S
O BKJIaie OOJUraTHBIX aHa’pPOOHBIX OaKTepUuu
B GopMUpOBaHUE JAHHOIO MUKPOOUOIIEHO3A.

Dickson R.P. (2014) akueHTUpyeT BHMMaHUE
Ha TOM, YTO BOCIaJIEHUE MPU XPOHUUYECKUX 3a00-
JIeBaHUSIX PECOUPATOPHOTO TpaKTa aKTUBHO IMOJ-
JIepXKMBaeTCsl MUCOMOTUYECKUMU HapylIeHUsIMU
Ha ero CJU3UCTBhIX 000J04YKax, U 0003HAYaeT ITO
coctossHue Kak «Dysbiosis-Inflammation Cycle»
[24]. Ocoboe 3HaueHUE aBTOP BKJIAAbIBAET B LU-
KJWYHOCTH ITpoliecca (CBOeoOpa3HOro 3aMKHYTOTO
MaToJOTMYEeCKOro Kpyra), rae 1Mcoro3 noaaepxKu-
BaeT BOCMajieHWe, a BOCMajlleHue — AUCOMO03, YTO
B UTOre BbIpaxkaeTcs B MPOJIOHTAlMU JJOKAJbHOTO
BocrniajieHusl. COOTBETCTBEHHO MNPOJOHTUPOBAH-
HO€ BOCHaJieHUEe Ha CIMU3UCTOU 000J0YKE BEPXHUX
NBIXaTeJIbHBIX TYTE W B MUHAAJIWHAX JUMDO-
UIHOTO TJIOTOYHOrO KOJiblla OyIeT KJIWHUYECKU
MPOSIBJISITCS XPOHUYECKMM PUHUTOM, PUHOCH-
HYCHUTOM, OTUTOM, aJ€HOUIHBIMMU BereTalusiMu,
runeprpodueil HEOHbBIX MUHIAINH, XPOHUYECKUM
TOH3UJLJIO(PAPUHTUTOM, JAPUHTUTOM, OPOHXU AT b-
HOIT acTMOI, OPOHXO3KTaTUUYeCKON Oosie3Hbio [17,
24, 25, 40]. DTa nmatojorusi JOMUHUPYET B JUC-
MaHCePHOU rpyIiIie 4acTo U IJIUTETbHO OOJIECIOMINX
nereit (UBM) [1, 4, 7]. Jloka3zaHO, 4YTO MOBTOPSIO-
HIKMecsl pecnupaTopHble UH(PEKIIMU TaKXKe acCOLU-
WPOBaHbl ¢ UBMEHEHUSIMU MUKPOOMOMa BEPXHUX
IbIXaTeJbHBIX TTyTel [48]. MoXHO NpeanoaoXuTh,
yTo Dysbiosis-Inflammation Cycle sBasieTcs Kiito-
YeBbIM 3BEHOM ITaTOTeHEe3a IMOCTOSIHHO MOBTOPSI0-
LIUXCS PeCnUPaTOPHbIX UHGMEKIIWI Y 1eTel, yepes
KOTOpO€ MOXET MNPOUCXOAUTh TpaHChOpMalus
peUMIMBUPYIOIIUX WHGEKIIMOHHBIX 3a00IeBaHM 1
pecrupaTopHOro TpakTa B XpOHUYECKUe 3a00ieBa-
Hus JIOP-opraHoB u pecriupaTOpHOro TpakTa.

CoBpeMeHHBbIE ATTUAEMUOTOTUYECKUE UCCTIEN0-
BaHUS MOKa3aJid, YTO YacToTa JeTell C MOCTOSTHHO
PEUMIMBUPYIOIIMMHA PECITMPATOPHBIMU HMHMEK-
LUSIMU OCTaeTcsl BICOKOM yxke O0osiee 40 JieT U Ha-
xonutcs B mpenenax 10—50% nerteit paHHEro M 10-
IIKOJLHOrO Bo3pacrTa [5, 8].

C 3TUX NO3UILUI MOUCK C TIOMOIIbIO COBPEMEH-
HbIX METOAOB METareHOMHOI'O aHaJiiu3a yIpaBis-
€MbIX MUKPOOUOTOTMUECKUX (PAaKTOPOB B MUKPO-
9KOJIOTUM PECITUPATOPHOro TpakKTa pedeHKa, yepe3
koTopbie Dysbiosis-Inflammation Cycle Ob11 ObI
UHTUOUPOBAH, SBJISETCS MPUOPUTETHOU 3amadyeit
COBpPEMEHHOI TmeauaTpuyeckoil GapMakogaoruu
[23, 34].

YuuTbhiBas BbIIIE CKa3aHHOE, LEJIbIO HACTOS-
et paboThl ObLJIO U3yYEHUE COBPEMEHHBIX JTUTE-

paTypHBIX JaHHBIX O TaKCOHOMMU MUKPOOUOTHI
BEPXHUX JAbIXaTeJbHbIX MyTel Yy 3A0POBBIX IETEM,
y JeTei C IaTOJIOrMei pecnuparopHOro TpakTa,
a TaK>ke OlleHKa CITocOO0B MaTOreHHOTO BIAUSHUS
Ha OpraHu3M pedbeHKa HeKOTOPBIX MPeACcTaBUTEIEH
MUKPOOMOTHI BEPXHUX JbIXaTEJbHBIX IMTYTEM.

151 BBIMOJTHEH W I TOCTABJIEHHOM 11U ObLI ITPO-
BeJIeH aHaJIM3 JUTepaTypHbIX JaHHBIX, TOCBSILIEH-
HBIX MUKPOIKOJIOTUM BEPXHUX JbIXaTebHbBIX ITyTel
Y 310POBBIX JIETEU U y A€TEl C peCIIMpaTOPHOI MaTo-
sorueit. [Touck auTepaTypHBIX ICTOYHUKOB MPOBO-
JIUJICS MO CJEAYIOIIMM KJIOUYEBBIM CJIOBAM U BbIpa-
keHusiMm: dysbiosis, microbiome, inflammation, upper
respiratory tract, adenoid hypertrophy, hypertrophic
tonsils, 16S rRNA, fingerprinting of prokaryotic,
pyrosequencing, a Takxe Ux couyetaHusi. OCHOBHBI-
MU caiiTaMu, 4epe3 KOTOpble MPOBOIMJICS IMOUCK,
obLI  https://scholar.google.ru m https://www.ncbi.
nlm.nih.gov/pubmed.

CoBpeMeHHbIe METOAbI U NOAXOAb
B MCCNeA0BaHNM MUKPODIOPbI BEPXHUX
[bIXaTesbHbIX Ny TeWn

B coBpeMeHHBIX MCCIIENOBaHUSIX MUKpOOMOMa
YyeJIoBeKa IIMPOKO MCIIOJb3yeTCsl aHalu3 Bapua-
OenbHBIX yyacTKOB reHa 16s rRNA [2, 3, 14]. Jan-
HBIII aHAJIMU3 MTPOBOIUTCS Pa3IMYHBIMU CIIOCOOA-
MHU: BbICOKOIIPOAYKTUBHBIM CEKBEHUPOBaAaHUEM
(high-throughput sequencing) ¢ TOMOILbIO pPa3JInd-
HBIX MeTonuvyeckux mnoaxonoB (Illumina, SOLiD,
454, lTon Torrent u npyrue), MUKPOYMIIOBOM TeX-
Hojorueit, B ocHoBe Kotopoi jexut JHK-IHK
rubpuauszauuss (DNA microarrays), ¢parmeHT-
HeiM JIHK-ananuzom (PCR-Restriction Fragment
Length Polymorphism, Amplified Fragment Length
Polymorphism, Random Amplification of Polymor-
phic DNA — PCR). [IpuMeHsItoTCsI TaKKe U KOCBEH-
HbI€ METO/Ibl OLICHKM OaKTepualbHOro pa3Hoobpa-
3us (Denaturing Gel Electrophoresis, Single-strand
conformation polymorphism analysis), o3BoJIsIIO-
1H1e omnpeaeauTh O0aKTepuaJdbHbI (DPUHTEPHOPUHT
B TOI MJIM MHOM MUKpO3KOocucTteme [3].

HyxkneotuaHsie rocienoBaTebHOCTU 16S prubo-
comasibHbiXx PHK Bcex n3BecTHbIX OaKkTepuii 1 apxeit
00I1IEeIOCTYITHBI B OTKPBLITHIX 0a3ax maHHbIX NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?’PAGE _
TYPE=BlastSearch& BLAST_ SPEC=Microbial
Genomes).

Mukpodnopa BEPXHUX OblXaTeSIbHbIX
nyTen y 340PO0BbLIX AeTeNn
N NPW PECNMPATOPHON NATONOrNN

C 2008 1. 3amymeH MeXJIyHapOIHBIM ITPOEKT
«Mukpobuom uenoBeka» (Human Microbiome

Project — HMP), 3amaueii KoToporo siBUJIOCH BCe-
CTOPOHHEE U3yYeHHEe MUMKPOOHBIX COOOILIECTB
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B pa3JIMUHBIX yYyacTKax TeJjia yeJloBeKa C IIOMOIIbIO
COBPEMEHHBIX METOIOB METAareHOMHOro aHaju3a
(http://hmpdacc.org/overview/about.php). ABTOpPHI
MpoeKTa TUIAHUPYIOT IOJYYUTh OecIpeleIeHT-
HYI0 MH(POPMAIIMIO O CJIOXKHOCTH MUKPOOHBIX CO-
obmiectB. B paMmkax aToro nmpoexkra OblJ1 MpOBeIeH
MeTareHOMHbI aHaau3 (bosee 1 MJIIH CEKBEHUPO-
BaHMIi1) OTIEISIEMOTO HOCA M TJIOTKH 3IOPOBBIX MH-
IuBUAYyMOB. [TokazaHO TOMUHUPOBAHUE S OCHOB-
HBIX OaKTepuaJbHbIX (pUIyMOB (TUNOB): Firmicutes
(44%), Proteobacteria (41%), Bacteroidetes (11%),
Actinobacteria (3%) n Fusobacteria (oxono 1%) [16].

WUccnenosanusi Gao Zh. (2014) BbIsIBUJIU, UTO
JTOMUHUPYIOIIUM (QUIYMOM B HOCOTJIOTOYHOM
OMOTOIlE yV 3T0POBBIX WHIMBUIYYMOB SIBJISTIOTCSI
Bacteroides (48%) w Firmicutes (32%), a Ha Proteo-
bacteria mpuxonutcs He 6oiee 10% [27].

Ha comoctaBuMOCTb yaeJbHBIX BeCOB Bacteroi-
des (10—-22%) wu Proteobacteria (15—31%), ¢ omHOi1
CTOPOHBI, U foMUHUPOBaHue Firmicutes (35—65%)
B MUKPOOUOIIEHO3€ HOCOTJIOTKU Y 3A0POBBIX JIIO-
Jeit, ¢ Apyroii, yKa3blBalOT U KOHCOPIIMYMHBIE MC-
cienoBaHus B EBpornieiickux ctpaHax [47].

CpaBHUTENbHBIE UCCIEAOBAaHUS MeTareHoma
HOCOTJIOTKH 3I0POBBIX IETEW BbISIBUJIN HEKOTOPHIE
OTJIMYMS OT B3POCJIBIX MHIMBUIYYMOB IO pacripe-
JIEJICHUIO yIeJIbHBIX BECOB OCHOBHBIX OaKTepHUaIb-
HBIX TUIIOB: Proteobacteria (64%), Firmicutes (21%),
Bacteroidetes (11%), Actinobacteria (3%) n Fusobacte-
ria (1,4%) [46]. ABTOpBI CYUUTAIOT, YTO MUKPOOUOM
BEPXHUX IBIXaTEJILHBIX ITyTei U3MEHSIETCS C BO3-
pacToM, B TOM YHCJIe 1 3a CYET yBEJIMUYCHU S I'eTe-
POTEHHOCTH pOJIOB [46].

HccnenoBaHuss MUKPOOHOIIEHO3a HOCA U TVIOTKU
y JeTeil Tmokazajiu Cciemylollee TaKCOHOMMYECKOe
pacripenesieHre B KJacCU(UKAIIMOHHOMN IIeMouKe
TUTI-KJIaCC-TOPSIIOK-CEMEMCTBO-poL:  (UIYM —
Bacteroidetes, xnacc — Bacteroidia, nopsinox — Bac-
teroidales; dbunym — Firmicutes, k1acc — Bacilli, io-
psaaxku: Bacillales, Lactobacillales, Staphylococcaceae,
kJjacc — Clostridia, nopsinok — Clostridiales, cemeri-
cTBO — Peptococcaceae v pon — Desulforomaculum,
a Takxe cemeilictBo — Clostridiaceae n pon —
Clostridium, xnacc — Mollicutes, nopsiaok — Myco-
plasmatales, cemeiictBo — Mycoplasmataceaen poj —
Mycoplasma; dunym — Proteobacteria, xnacc —
Gammaproteobacteria, pa3iiuyHble NOPSIAKU U Ce-
meiictBa poaoB: Chromatium, Ectothiorhodospira,

Beggiatoa, Legionella, Pseudomonas, Azotobacter,
Vibrio, Escherichia, Proteus, Salmonella; dunym —
Actinobacteria, xnacc — Actinobacteria, pa3nuy-

HbIe TIOPSIAKU M cemeiicTBa pomoB: Micrococcus,
Arthrobacter, Mycobacterium, Nocardia, Streptomyces,
Frankia, Bifidobacterium; dounym — Fusobacteria,
kjnacc — Fusobacteria, nopsinox — Fusobacteriales,
cemeilictBo — Fusobacteriaceae v pon — Fusobacte-
rium [18].

B ocHoOBHBIX OakTepuaabHbIX dunymax Bac-
teroides n Firmicutes BepXHUX OTIEJIOB peclupa-

TOPHOTO TpaKTa AeTeil BhISIBJICHO JOMUHUPOBaHUE
CcJenyoLIuX POAOBBIX MpeacTtaBuTeneit: Prevotella,
Veillonella w Streptococcus [46]. Kpome Toro, y 310-
POBBIX JEeTeli MOXET OOHapyXuBaThCcsI OUIYM
Chlamydiae, xnacc Chlamydiae, cemetictBo Chlamy-
diaceae, pon Chlamydia [42].

TToka3zaH heHOMEH Ce30HHOI MUKPOIKOJIOTHU-
yeckoi AMHaMUuKU. Tak, BBISIBIEHO, UTO C OCEHM
K BECHE B HOCOTJIOTKE Y 3IO0POBBIX JAETEeH YHeb-
HbIiT Bec Proteobacteria meHsierca ¢ 71 Ha 51%;
Fusobacteria — c 14 na 2%, a Bacteroidetes — ¢ 19
Ha 3%, B TO BpeMs KaK YyIeJbHbIN Bec Firmicutes
yBeauuuBaercs ¢ 45 no 85% [20].

N3yueHne OakTepuaJbHOro pa3HOOOpa3us
Ha THUnepTpodUPOBAHHON TJIOTOYHOM MHHIIA-
JIMHE y JeTel ¢ MOMOIIbIO MYJIBTUIIEKCHOTO ITH-
pocekBeHepoBaHUsl VI1-V2 runepBapuadeabHbIX
pervoHoB rexHa 16S rRNA 1mokasano JOMUHU-
poBaHME CceMU OCHOBHBIX duymoB: Firmicutes,
Proteobacteria, Fusobacteria, Actinobacteria, Bacte-
roidetes, Spirochaetes, Tenericutes. Y >Tux nerteiu
OBLIM BBISIBJICHBI HOBBIE TaKCOHBI (KaHOIMIAThI
B HoBble Guinymbl)) TM7 u SRI1 [41]. VoenabHbiid
BEC OCHOBHBIX (DUJIYMOB paclpeuesiyics Cleay-
oM obpasom: Firmicutes (45,4%), Proteobacteria
(28,6%) wn Fusobacteria (11,1%). ABTOpBI OTMeYa-
0T, 9TO 3,2% HYKJIEOTUIHBIX IOCJIEIOBATEIBHO-
cTell ObIIM He KJIacCU(UIIMPOBAHBI, YTO MOXKET
OoTpaxkaTb HOBbIe OaKTepuaJibHble TaKCOHBI [41].
NaeHnTudunmpoBaHHBIMU OKa3aauch 94 poaa pas-
JINYHBIX OaKTEPUi, IEPCUCTUPYIONINX Ha TJIOTOY-
HOM MuUHAanuHe. OCHOBHBIMHU ITPEACTABUTEIISIMUA
obL1u: Streptococcus (18,0%), Staphylococcus (14,7%),
Haemophilus (11,2%), Fusobacterium (10,4%), Mora-
xella (5,7%), Prevotella (4,1%), Gemella (2,8%), Neis-
seria (2,7%), Corynebacterium (2,3%), Granulicatella
(1,4%) n Pseudomonas (1,3%).

B To Xe BpeMsi Mmoka3aHO BBIpaXKEHHOE pa3-
HOOOpa3ne COOTHOIIEHUI pa3JuYHbIX (QUIYyMOB
B OMOTOITE TJIOTOYHON MUHIAJIWHBI Y IeTel C ee Th-
neptpodueil. IIpoBeneHHBIN KJaacTepHbIA aHAIU3
Mo pacripenesieHn0 (GUIYMOB B MUKPO3KOCUCTE-
M€ IJIOTOYHOW MUWHIAJWHBI TO3BOJUJ BBIICIUTH
5 kJjactepoB. B mepBoM KJiacTepe HOMUHUPOBAJIU
Firmicutes, Bo BToOpoM — cooTHouleHue Firmicutes
u Proteobacteria 661710 paBHBIM, B TPEThEM — JTOMU-
HupoBanu Proteobacteria, B UeTBEPTOM — OCHOBHbI-
MU TPEACTaBUTENISIMU TJIOTOYHOI'O OMOTOITa ObLIU
Fusobacterium, B TIITOM — COOTHOIIIGHHUE 3TUX TPeX
dunyMoB u duaymoB Actinobacteria, Bacteroidetes
ObuIOo comocTtaBUMO. O BBICOKOM pa3HOOOpa3uu
OakTepuaJIbHOTO Tieii3aka Ha aJlcHOMITHBIX Berera-
IUSIX YKa3bIBaeT MOKa3aTeb CXOJICTBA MUKPOOUO-
Tbl Chao—Jaccard [22]. Anst aieHOMAHbIX BereTalui
oH coctasui 0,26 (mpeaenst 0—1,0).

UccnenoBanus HazogapuHreaJlbHOU MUKPO-
OMOTHI y YAaCTO M AJUTEJbHO OOJICIOLIUX JeTei
paHHEro Bo3pacTta W y JeTeil ¢ OCTPBIM CUHYCH-
ToM B mrare BuckoHcun (CIIA) maeHTUDULIU-
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poBanu 951 TtakcoH u3 ceMeWcTB Rickenellaceae,
Lachnospiraceae, Verrucomicrobiaceae, Pseudomona-
daceae 1 Moraxellaceae, a TaKXXe HECKOJIBKO HE-
KJacCU(pUIMPOBAHHBIX ITPEICTaBUTECH DUayMa
Proteobacteria. B aToii paboTe ObLJIO MOKa3aHo, YTO
MOCTOSTHHO pEIM AUBHPYIOIINE pPECIHpaTOPHBIE
MHGEKINU CBS3aHBI C YMCEHBIIEHHEM TaKCOHO-
MMWYECKOro paszHooOpasusi HazodapuHIrealbHON
MUKpPOOUOTHI, HO accolualudil 3TOro IpeMop-
onmHoro poHa JeTeil ¢ KOHKPETHBIMU TaKCOHAMMU
HE BBISIBJIEHO. B TO XXe BpeMs IJIsT OCTPOTO CHHY-
cuTa y JeTeii paHHEero Bo3pacTta nokasaHa JIOCTO-
BepHas IoJoXUTeNabHas1 accouuanus ¢ Moraxella
nonliquefaciens [43].

V nmereil ¢ peUUAMBUPYIOIIUMU PeCHHpaTOp-
HBIMA WHOEKOUSIMU U XPOHUYECKUM TOH3MJIIH-
TOM B KPUNTaX HEOHBIX MUHIAJIMH JOMUHUPOBAJ
pon Streptococcus (S.) U clieqylollye €ro BUJIbI:
S. pneumoniae, S. pseudopneumoniae, S. intermedius —
a TakXe W3 TPYINIbl MHOTeHHBIX CTPENTOKOKKOB:
S. pyogenes, S. agalactiae n S. dysgalactiae subsp.
equisimil |28, 39].

ITokaszaHo, 4TO y IeTeil ¢ XxPOHUYSCKUM TOH3HUJI-
JIUTOM U/VJIV TUnepTpodueil HeOHbIX MUHIAINH,
MOMMMO TISITU OCHOBHBIX (pusiyMoB (Bacteroidetes,
Firmicutes, Proteobacteria, Actinobacteria i Fusobac-
teria), MOSIBJIsSIETCS U 1uecToii — Spirochaetes [29].
Bosee neranbHOE TAKCOHOMUUYECKOE UCCIIEIOBAHUE
BBISIBUJIO 12 OCHOBHBIX POIOB XapaKTEPHBIX IJISI
JeTeil ¢ XPOHUYECKUM TOH3WJIJIUTOM M/UJIU TUTIep-
Tpodueil HeOHbIX MUHAANUH: Actinomyces, Rothia,
Streptococcus, Gemella, Granulicatella, Johnsonella,
Prevotella, Porphyromonas, Fusobacterium, Veillonella,
Neisseria n Haemophilus. B aToii paboTe ObLIO TIO-
Ka3aHo, YTO Y AeTei C XPOHUYECCKUM TOH3UJTUTOM
U TUTIepTpodreit MUHIATNH JIUMGOUTHOTO III0TOY-
HOT'O KOJIbIIA BBISIBJISIINCH CJIEOYIOIINEe BUIBI OaK-
tepuit: Haemophilus (H.) haemolyticus, H. influenzae,
H. parainfluenzae, H. paraphrohaemolyticus, Gemella
(G.) haemolysans, G. morbillorum, G. sanguinis. I1pu-
JyeM y JeTeil ¢ TurepTpodureit MUHIAIUH TUMEPO-
MIHOIO IJIOTOYHOrO KOJIbIIA YPOBEHb WHMUIIMPO-
BaHUS KPUNT HEOHbIX MUHAANUH H. parainfluenzae,
H. paraphrohaemolyticus, G. haemolysans, G. morbil-
lorum, G. sanguinis ObLJ BbILIE, YEM y AETE C XPOHU-
yecKUM ToH3uIuToM. Kpome Toro, y neteit ¢ xpo-
HUYECKUM TOH3UJIJINTOM B OMOTOITe KPUTIT HEOHBIX
MUHJIAIUH UIASHTUGMULIUPOBAIU OaKTepuu poaa
Neisseria (N.): N. cineria, N. flavescens u N. elongata/
Kingella denitrificans [29].

WccnenoBanme MeTareHoMa COAEPXKUMOTO
KPUNT MWHIAJIWUH JTUM@OUITHOIO TIOTOYHOTO
KOJiblla ¢ MOMOIIbIO TexHoJiorui high-throughput
sequencing II03BOJIMJIO OOHAPYXXUTh U HEKYJb-
TUBUPYEMbIE OaKTepUU B 3TOM OUOTOIIEe y AeTeit
¢ ux runeprpodueii: Porphyromonas genomospecies
PAJI, Tannerella genomospecies TAJI, Abiotrophia
genomospecies AAJI, Fusobacterium genomospecies
designated FAJI u FAJ2 |29, 44].

Tem caMbIM ceKBEeHMpPOBaHUE MeTareHoMa IJI0-
TOYHOTO OMOTONA BHOCHUT CYIIECTBEHHOE ITOMOJ-
HeHUe 0 pa3HOooOpa3uu pakyabTaTUBHBIX U OOIU-
raTHBIX aHA3POOHBIX OAKTEPUI Y 3MOPOBBIX HeTei
M JIeTeil ¢ TaTojiorueil TMM@OnIHOrO TJIOTOYHOTO
KOJIbIIA.

Oco6oe 3HaueHue B OPMUPOBAHUU MUCOUO-
32 BEPXHUX ABIXaTeJbHBIX NMyTeid M aKTUBAIIUU
MPOJIOHTMPOBAHHOTO BOCTAJEHUs MUMEIOT W WMH-
TEerpupoBaHHbIE BUPYCHbIE reHOoMbI [33]. AHanu3
MeTareHoMa JbIXaTeJbHBIX ITyTel y IallueHTOB
C PELUUAMBUPYIOIIEH peCIUPATOPHON MATOJIOTUEN
¢ nomoibio JHK-/PHK-npenapauuu u 454-nu-
pPOCEKBEHUPOBAaHMSI MO3BOJIMJ BBIACIUTH OaKTe-
puajibHbIe, BUPYCHBIE, ayTOCOMHBIE (ITpUHAaIJIC-
JKallye 4JeaoBeKy) M HeauddepeHLMpoOBaHHBIE
koHTUTrH [35]. T[loka3zaHo, UTO yeIbHBII BEC BbIIC-
JICHHBIX BUPYCHBIX KOHTUT cocTaBJsieT 6oee 40%,
YTO COMOCTAaBUMO ¢ 0aKTepualbHBIMU. B TO 3Ke Bpe-
Msl UJIEHTUDUIIMPOBATh BUPYCHBIE T€HOMBI C I10-
mombio NCBI/Blast ynanocs B 4% ciaydaes. B pac-
mrpoOBaHHOM BUPYCHOM KOHTEHTE JTOMUHUMPO-
Banu Paramyxoviridae (38%), nanee Picornaviridae
(31%) n Orthomyxoviridae (21%). B cemeiictse Para-
myxoviridae B 80% ciy4yaeB BBIIEJISIJIUCH YETOBE-
YecKue pecrpaToOpHO-CUHIIMTUATBHBIE BUPYCHI
(hRSV), B cemeiictBe Picornaviridae noMmuHupoBa-
JIu puHOBUpPYChI A (65%) u punHoBupychl C (35%),
a B cemeiictBe Orthomyxoviridae 96% KOHTUT OBLIN
TOMOJIOTMYHBI TeHOMY Bupyca rpunmna A [35]. [1pen-
CTaBJIEHHBIC PEe3YJIbTAThl COIIACYIOTCSI C JaHHBIMU
JIPYTUX UCCeaoBaTeleil, MOCBIIIEHHBIX BUPYCHOM
COCTaBJISIONIE MeTareHoOMa JbIXaTeJbHbBIX MyTel
yeyioBeka [26, 35].

Tem caMbIM, UHTErpUpOBaHHBIE B METareHOM
IBIXaTeJIbHBIX MyTeil BUPYCHI MOTYT BHOCUTH Cy-
IIECTBEHHOE 3HAaUeHWE B MOMJAEPXKaHWUU BOCIIaJIe-
HUS U 1UcoOuo3sa.

MexaHun3mbl GopMrpoBaHna amcbmnosa
BEPXHUX ObIXaTeSIbHbIX MyTEN y AeTel

1 peanuaaums naToreHHoro BAUAHUS
MUKPOOWNOTbI HAa OpraHn3m pebeHka

WHuTterpanuss MakpoopraHusmMa W MHUKPOOP-
raHU3MOB 0a3upyeTCcsd Ha MNPUHIIMIIE CaMOpery-
JISIIMU, B OCHOBE KOTOPOM JIeXKaT MEXKJIETOUYHbIE
KOHTAKThI, B TOM 4YHCJe OaKTepuaabHbIX U ayTO-
COMHBIX KJIETOK. MexXay MUKPOOMOMOM U ayTOre-
HOMOM CYIIECTBYIOT T€CHbIE B3aMMOCBSI3U, KOTO-
pble 0003HAYaAOTCI KaK T€HHO-METa0OJIUYeCKUe
CETU, OINpPEAECNSIONINEe XU3HENEITEJIbHOCTh Y€I0-
BeKa M MUKpoopraHusmoB [6]. Ocoboe 3HadeHUE
MUKPOOHOTHI YEJIOBEKA CBI3aHO C AIUTCHETUYEC-
KUM MOAYJMPOBAHWEM TF€HETUYECKU AETEPMUHU-
pPOBaHHBIX ITpolieccoB [31, 47].

MuKpoOHOIIEHO3 pPeCcHUpaTOpPHOTO  TpakTa
dopMupyeTcs B TepruHaATaJIbHBII U HEOHATAJIbHBII
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MEepUObl, B TOM YHCJIE U 3a CUYET IPUOOPETCHU S
MUKpO®dIOpbl pOAOBBIX MyTell Mmatepu. Mcciaeno-
BaHUS COIMOCTaBUMOCTU MHUKPOOMOMa HOCOBBIX
XOJIOB HOBOPOXIEHHBIX IeTE U UX MaTepeit ¢ Mmo-
MOIIBIO aMITIM(PUKALIMM TeHa OaKTepualbHOTO
mrarepoHa-60 (cpn60) mokasasao HaTu4uue He GoJiee
MSITU OO X AJI5T MaTepell U UX AeTeid poaoB u3 hu-
JTyMOB Actinobacteria, Firmicutes n Proteobacteria
[38]. TIpuueM aBTOpPBHI MoOKa3alu MPOrpecCHBHOE
W3MEHEHMsSI MUKpPOOMOMa HOCOIJTIOTKU pebeHKa
B TEYEHUU TIEPBOTO roja Xu3Hu. KpoMe Toro 66110
BBISIBJICHO, YTO COOTHOIIEHNE (PUIYMOB U POIOB
HOCOTJIOTOYHOTO MHMKpOOMOMa MJIaJIeHIIeB OBLIO
HauboJjiee OJU3KO K MAaTEPUHCKOMY B JBYXMeECSU-
HOM Bo3pacTe. B 3TOoT mepuon 1oOMUHUPYIOMIUMU
dunymamMu U pomamu ObLIU Actinobacteria (pona
Corynebacterium, Rhodococcus v Propionibacterium);
Firmicutes (ocHoBHBIe poaa Staphylococcus, Strepto-
coccus, Dolosigranulum v Veillonella), n Proteobacteria
(ocHOBHOI pon Moraxella). TlpyrueM ynesbHbINA Bec
pona Dolosigranulum B MUKpoOHMOME HOCOIVIOTKU
neteit B 3ToT nepuoa gocturai 60%. Ho Kk KoHILy
MEPBOTO rojia XU3HW B HOCOTJIOTKE JOMUHUPOBAJI
poux Staphylococcus (46%).

IMokazaHo, 4YTO poXJAeHUE AeTeid METOIOM Ke-
capeBa Ce4eHHUsI, HETOHOIIEHHOCTb, TpaHCILIa-
IIeHTapHble MHMEKIINU, IUTESIIbHOE HAaXOXIeHUE
JleTeil Ha amnmnapaTe MCKYCCTBEHHOW BEHTUISIIIUU
JIETKUX, MPUMEHEHUE aHTUOMOTUKOB B pPaHHUI
HEeOHaTaJIbHBIl TIepUOoJ, paHHee MCKYCCTBEHHOE
BCKapMJMBaHUE MEHSIOT MUKPOIKOJIOTUIO HOCO-
W POTOIVIOTKM B CTOPOHY YBEIMYEHMS ITpeicTa-
BUTEJIE  YCJIOBHO-TIATOT€HHOW  MUKPOMIIOPHI,
a TakXe K YBEJIMUYCHUIO OOIIEro 4Mcjia TaKCOHOB
K KOHILY MEPBOTO rojia XKM3HU, OIIeHEHHBIX M0 Me-
TareHHOMHOMY npodmnirio [36, 45].

HccnenoBaTtenu, usyvaromniue ITMHAMUKY B MUK-
poOroMe HOCOIIOTOYHOTO OMOTOMA Y IeTel TTepBO-
ro roja XXW3HHU, OTMEYalOT MPOrPECCUBHOE YBEJIM-
YyeHWe B TeYeHHUEe Tofa IIpeICTaBUTENIeH YCIOBHO-
naToreHHoit MukKpodJopsl Staphylococcus aureus,
S. pneumoniae u Moraxella catarrhalis [21, 38]. T1pu-
4yeM TOJbKO AJis Staphylococcus aureus mokasaHa Io-
JIOKUTENbHAsT KOPPEJsIns ¢ MAaTePUHCKUM HOCO-
JIOTOYHBIM OMOTOIIOM.

Kpowme Toro, nokazaHo, 4TO T€HOMBI ITPOKAPUOT
SIBJSIFOTCSI UpE3BbIYaiiHO TMHAMMYHBIMM B ITpe/e-
JIaX OJHOTO BUJIa 3a CUET TUOKMX, BCIIOMOTATEeIbHBIX
(Jalie BCcero onepalMoHHbIX) TeHOB [0, 14]. BaxkHoe
3HauYeHUe B (POPMUPOBAHUU TUHAMUYHOCTU FeHO-
Ma TPOKapruoT UMEIOT TaKhe FeHETUYECKHe CTPYK-
TYpPBl KaK MOOUJIbHBIC 3JIEMEHTHI, IMJIa3MUIbl, NH-
terpoHbl, podaru, CRISPR-n0oKychl, pa3zanuHbie
peryasiTopHble 3jieMeHThl. [IpryeM gaHHBIE TeHe-
TUYECKHE BJIEMEHTHI MOTYT MEPEHOCUT TeHEeTHUYeC-
KU MaTepua, KaK BHYTPU OJHOIN OaKTepUaJIbHOU
KJIETKH, TaK M OT IPOKApPUOTHI K TIPOKAPUOTE U OT
MMPOKAapHOTHl K 3yKapuote [6]. [eHeTuueckass Mo-
OUJIBHOCTH IMTPOKAPHUOT, B TOM YMCJIE U 3a CUYET DaK-

TepHUaJTbHO-BUPYCHBIX M BUPYCHO-BUPYCHEIX (Daros,
MOXET OBITh JOTIOJTHUTEIBHBIM YCIIOBHEM (DOPMMU-
poBaHUs AUCOMO3a BEPXHUX JbIXaTEJIbHBIX MyTei
y IeTell B mocTHaTajabHOM Tiepuoze [37].

TlpencraButenu poaa Staphylococcus, cemeiicTBa
Staphylococcaceae (xnacc Bacilli, punym Firmicutes)
MMEIOT psifi (PAKTOPOB ITATOT€HHOCTU: aare3UHBbI
(B3aMMOJEUCTBUS CO CAUBUCTOI), Karcyaa (3aliu-
Ta oT ¢arouuTosa), 6ejiok A (Hecneuuduueckoe
cBsa3biBaHue Fc-pparmenra monexkyn IgG, cBoii-
CTBa CyllepaHTHUTeHa), PepMeHTH — [-lakTamasa,
Koaryiasda (oO6pa3oBaHue (GUOPUHOBON IJIEHKHU,
3allMIIaloeil MUKPOOpraHU3M), a TaKxXe TIua-
JAypoHUAa3a, Ae30KCUpuboHyKaeasa, (HUOPUHO-
JU3UH, cTadunokrHasa [32]. AHTUreHam crtadu-
JIOKOKKa TIpUCYyIlla ellle OJHa XapaKTepHasl CIIO-
COOHOCTHL — JMOepauMsl rucramuHa. Hanauuwue
y mnpeacTtaBuUTeneil cemeiicTtBa Staphylococcaceae
CyNepaHTUTEHOB U CHOCOOHOCTU K JIMOepaluu
TUCTAaMWHOB SIBJISIETCSI OCHOBOM IJIST pa3BUTHUS ajl-
JIEPrUYECKOro BOCITaJICHUSI.

Hdpyrue TpeacTaBUTEIM TPaH3UTOPHOW MUK-
podaopbl HOCOIIOTOYHOro OuoTtona getel (pona
Pseudomonas, Acinetobacter, Micrococcus, Haemo-
philus, Lactobacillus, Streptococcus, Corynebacterium)
MOTYT 00pa30BbIBaTh KJIMHUYECKNU 3HAYMMBbIE KO-
JIMYecTBa TUCTAaMMHA U Yepe3 3TO ObITh TpUTTEpa-
MM aTOMMYECKOT0 BOCITaJICHU S U TTaTOJIOT UM HOCa,
IJIOTKU U OpoHXoB [32].

Tem cambiM, omnucaHHBIN Bbille Dysbiosis-
Inflammation Cycle [25] MmoxeT MaHUpecTUpOBaTh
C MepBUYHOTO AMCcOMO3a HocornoTku [47, 48], pas-
BUBIIIETOCS C yYacTHEM MAaTePUHCKOTO MUKPO-
OKpYXKEeHHsI, crocoba pojopa3pelieHusi, MMaTo-
JIOTUM TIepUHATaJbHOIO Ilepuoaa, OCOOeHHOCTEH
BCKapMJIMBaHUS Ha TIEPBOM TONY XXM3HU U (pakTO-
POB MaKpOOKPYXeHUs (B TOM YHMCJIe BUPYCHOI Ha-
rpy3ku Ha pedeHka) [37].

OIHUM M3 IPKUX KIWHUYESCKUX ITPOSIBICHUI
pOJIK MPOJIOHTUPOBAHHOTO aJIJIEPTMUYECKOr0 BOC-
MajeHusl, acCOLMUPOBAHHOTO C MEPBUYHBIMU
NTUCOMOTHUYECKUMU HApPYIICHUSIMHA Ha CIMU3UCTBIX
o0oyioukax Hoca U TIJIOTKH, SIBJISIETCS TUTIEp-
TpodusT MUHIAJIUH JTUMGOUIHOTO TJIOTOYHOTO
KoJibla. Jst mTaHHOI MaTOJIOTUM MOKa3aHo, B TOM
Jucjie U METOJaMU CEKBEHUPOBAHMSI METareHO-
Ma KPUIT HEOHBIX MUHOAJIWH, YBEJIMYCHUE Mac-
Chl YCJIOBHO-MATOT€HHOW M IMATOTe€HHOW MUKpPO-
dopsl U3 ponoB Streptococcus u Haemophilus [44].
Kpome Toro, HamMmu nmokasaH BBICOKMII UMMYHHBIH
oTBeT 1o IgE-Tmny K mpencTtaBUTEeNsIM TaHHBIX
MHUKPOOHBIX POJIOB, C OMMHOBPEMEHHBIM yBeJInUe-
HHUEM TIPOBOCHAJIMUTEJIbHBIX IMTOKMHOB B Ha30-
dapuHreasbHOM CMBIBE, ¥ JIeTell ¢ TuIepTpodueii
MUHJIAAWH TUMGOUTHOrO rMIOTOYHOTO KoJibla [11,
12]. TakuM 06pa3oM He BbI3bIBAET COMHEHUS POJIb
IUCOMOTHUYECKUX HapyIIeHUU B (pOPMUPOBAHUU
runepTpoduu MUHIAIUH JUMGOUTHOTO TJIOTOY-
HOTI'0 KOJIblIa y JeTe.
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MHdekumns n uMmyHuTeT

NpakTmnyeckoe NpUMeHeHme
COBPEMEHHbIX METOL0B OLLEHKW
MUKPOBNOMA BEPXHUX OblXaTeNbHbIX
nyTeny neteu

INpencraBiieHHBIE BHINIE HAyYHbBIC Pe3yJIbTaThl
OBLJIM TIOJIYYeHBI C TIOMOIIBIO BBICOKOITPOMU3BOIM-
TEJIBHBIX METOIOB CEKCBEHMPOBAHWS MeTareHoMa
HOCa, TIIOTKH, KPUIIT TIIOTOYHBIX U HEOHBIX MUH-
nanvH. JIaHHBI METOMUYECKUN TIOAX0M aKTyaJleH
JUIST HAYYHBIX MCCJICMOBAaHMUI, B TOM YHCIE W s
BHECEHUSI HOBBIX MaHHBIX O HYKJIEOTUIHBIX IO-
CJIETOBATEIBHOCTSIX TEX UJIM MHBIX TPOKAPUOT B CO-
oTrBeTcTByIomMe 6asbl maHHEIX (https://blast.ncbi.
nlm.nih.gov/Blast.cgi?PAGE_TY PE=BlastSearch&
BLAST_ SPEC=MicrobialGenomes). B To xe BpeMst
JUIST PyTUHHOW IMArHOCTUKUW AMCOMO3a BEPXHUX
IBIXaTeJIbHBIX ITyTel TpeOyloTCcsT HOBbIE WHMOP-
MaTUBHBIE METOABI MOJIEKYJISIPHO-TEHETUYECKOMN
UACHTU(UKAIIUY ~MUKPOOPTAHU3MOB, BKJIIOUAs
npeacTaBUTeNell O0IUraTHbIX aHa’poOoB. OTHUM
u3 Takux MetomoB saBisieTcs [TLIP-guarHoctuka
nucOro3a HUWXXHUX OTIEJIOB PenpOayKTUBHOTO
TpaKTa XEHIIUH W MYX4YuH (TecT-cuctema «De-
Moduop», TecT-cuctemMa <«AHapodop», OO0
«AHK-texHomorusi», MockBa). B maHHBIX TecT-
cUcTeMax ¢ TIOMOIIbIO TIEPBUYHBIX TPaliMEPOB MTPO-
WCXOMWT HAKOTUJICHWE BaprabeIbHOTO yJyacTKa IreHa
16S rRNA ¢ nanbHeieir MyTbTUTIpaiiMEepHOI aM-
nanuduKanuein poao- M BUAOCICIIMMPUIHBIX TeHe-
TUYECKUX MapKepoB THCOMO3-aCCOIMUPOBAHHBIX
b6axkTepuii. Ha ceronHSIIHUIT MOMEHT B OTHOIIIEHU
MUKpOOMOMa HOCOIVIOTKM AeTeil paHHEero Bo3pac-
Ta elle He HAKOIJICHBI 3HAHUS O POJIM OOJIUTaTHBIX
aHa’pOOHBIX MUKPOOPTraHU3MOB B (DOPMHUPOBAaHUU
Dysbiosis-Inflammation Cycle. MoJjekyasipHO-Te-
HETMYECKNE WCCIIeIOBAaHWE JIMIIb ITTOATBEPIAVIIN
3HAYUMOCTb Staphylococcus aureus, S. pneumoniae,
Moraxella catarrhalis, S. pyogenes n Pseudomonas
aeruginosa B (hOPMUPOBAHUU TIATOJIOTUN BEPXHUX
IbIXaTeJbHBIX TTyTel y geTeit [16]. C aTuX mo3uimii
myabtunpaiimepHas I[P moxetr ObITh Hampas-
JIeHa Ha BBISIBJICHWE TEHETUUYECKUX MapKepOB 3TUX
MWUKPOOPTaHU3MOB.

Hamu nipenjioskeH 1pyroit METOMMYECKU TTOT-
XONI JJISI BBISIBJICHUSI JOMCOMO3-acCOIMUPOBAH-
HbIX OakTepuii [9, 10]. 3amaTeHTOBaHHBI cITOCO0O

Cnucok nutepatypbl/References

OCHOBaH Ha MWCCJIEIOBAaHUM CEKPETOPHBIX aHTH-
Tea (C TIOMOIIbI0O MMMYHO(MEPMEHTHOTO aHaJlu-
3a) K aHTUIeHaM TIpOKapuoT TIJIOTOYHOIo OMO-
Tona (Haemophilus influenzae, H. parainfluenzae,
H. paraphrohaemolyticus, S. pneumoniae, S. pseudo-
pneumoniae, S. intermedius, S. pyogenes, S. agalactiae)
B HazodapuHreaaibHoM cekpere. KI3BeCcTHO, 4TO
WHIYKIIWS aHTUTEI IPOUCXOAUT B MOMEHT TI€pPCH-
CTEHIIMY MUKPOOPTaHMU3Ma C TOCIeAYIONIel KOJIO-
HM3aIMeld HOBBIX OMOTOIIOB CJIM3MCTBIX 000JI0YeK
yenoBeka [15]. UmMeHHO 3Ta paza sIBIASIETCS HaM-
OoJiee cymiectBeHHOU st Dysbiosis-Inflammation
Cycle 1 oHa cBSI3aHa ¢ MATOTE€HE30M XPOHUYECKUX
BOCHAJIUTEbHBIX 3a00JIeBaHUI BEPXHUX OTIEJIOB
pecrupaToOpHOIo TpakTay netei [24].

TeM caMbIM akTyaJbHOCTb co3aaHUsl 3P dek-
TUBHBIX T€CT-CUCTEM IS TUATHOCTUKHU IMCOM03a
BEPXHUX IBIXaTSJILHBIX ITyTeil y AeTeli He BBI3bIBA-
eT coMHeHUs. KIIIoueBhIMU METOTMUYECKUMHU TI0-
XOJlaMU ISl UX pa3pabOTKU MOTYT OBITh MOJEKY-
JISPHO-TeHEeTUYECKHE UCCIIeA0BaHU I MUKpOOroMa
IJIOTOYHOro OMOTOIa, UMMYHHOI'O OTBETa Ha aH-
TUTEHBI JOMUHUPYIOIINX ITPeICTaBUTEIE TUCOM-
03-aCCOLIMUPOBAHHBIX OaKTepUil U OCOOEHHOCTEM
ux metabosaoma.

Takum oGpasoM, ucciegoBaHUME MUKpoOMOMa
IJIOTOYHOrO OMOTOIla JIeTei IoKa3ajlo IMPOKUIA
Ivara3oH KoJieOaHMl yIeNbHBIX BECOB pa3iny-
HBIX CEMEWCTB M POJOB MHKPOOPraHU3MOB MSITH
OCHOBHBIX (uiyMoB: Proteobacteria, Firmicutes,
Bacteroidetes, Actinobacteria v Fusobacteria.

Joka3aHa pojib (DaKTOPOB OKPYKaIOIIeil CpeIbl
M BPEeMEHM rojla Ha TIPeICTaBUTEJIbCTBO B BEpPX-
HHUX OTHeJlaX PEeCrupaTOPHOro TpakTa (hUIYMOB
Firmicutes, Proteobacteria, Bacteroidetes.

DddekTuBHAs AUMArHOCTUKA IUCcOMO3a BeEpX-
HUX OBIXaTeJIbHBIX MyTel y NeTeil MOXKET OBITh
OCHOBOI nJs1 crneuududeckoir mpodUIakTUKU
(opMHUpOBaHUSI XPOHUYECKOW IIAaTOJIOTUU pe-
CIUPATOPHOTO TpakKTa: TUIIEPTPOOUU MUHIATUH
JUMGOUTHOTO TJIOTOYHOTO KOJIbIa, XPOHUYECKOT'O
TOH3WJIJIUTA (M 3a00JeBaHUI, aCCOLIMUPOBAHHBIX
C HUM), a TaK>Ke ajJIepruyecKoil maToJIoruu Hoca,
TJIOTKHW, TOPTAaHU M OPOHXOB.
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1. Anwouuxuii B.IO., bapanos A.A. Yacro 0oseromue getu. KnmHuko-couuanbHble acniekTol. [Tyt o3mopoBieHus. CapaTos:
CapaToBCKMIT HAIIMOHATBHBIM UCCIIeNOBAaTEIbCKUI TocynapcTBeHHbII yHuBepcuTeT uM. H.I. YepHsbimesckoro, 1986. 184 c.
[Albitsky V.Yu., Baranov A.A. Chasto boleyushchie deti. Kliniko-sotsial’nye aspekty. Puti ozdorovleniya [ Frequently ill children.
Clinical and social aspects. The road to recovery]. Saratov: N.G. Chernyshevsky Saratov National Research University, 1986. 184 p.]

2. bonu-Ocmonosckas E.A., Papun H.B. AHa113 MoJHBIX FeHOMOB — OUYEepPEIHOI 9TaMn B pa3BUTUM MUKPOOUOJoruu // BecTHUK
Poccwuiickoit akagemun Hayk. 2010. T. 80, Ne 11. C. 977—984. [Bonch-Osmolovskaya E.A., Ravin N.V. Analysis of complete ge-
nome as successive stage in development of microbiology review. Vestnik Rossiiskoi akademii nauk = Herald of the Russian Academy

of Sciences, 2010, vol. 80, no. 11, pp. 977—984. (In. Russ.)]

346



2017, T.7,Ne 4 OcobeHHOCTN MUKpobMoma

10.

13.

14.

15.

16.

17.

Bonkosa P.A., Cxonernesa E.C., Dnbs6epT E.B., Mbiua E. 1., Iassinos J1.C., MoBcecsaHil A.A., Mepkyios B.A., bornmapes B.I1.,
Bopucesnu W.B. [IpobGiembl reHoTUNIMpoBaHUsT MuUKpoopraHusmoB // BMOmnpenapatsl. [Ipodunakruka, nmarHocTuka,
neuenne. 2016. T. 16, Ne 3 (59). C. 139—144. [Volkova R.A., Skoletneva E.S., El'bert E.V., Mytsa E.D., Davydov D.S., Movse-
syants A.A., Merkulov V.A., Bondarev V.P., Borisevich 1.V. Genotyping problems of microorganisms. BIOpreparaty. Profilaktika,
diagnostika, lechenie = BIO Preparations. Prevention, Diagnosis, Treatment, 2016, vol. 16, no. 3 (59), pp. 139—144. (In Russ.))
Kapmnoga E.I1., Tynynos [I.A. XpoHudeckuii aieHOUAUT y AeTelt: mocodue ais Bpaueit. M.: PMAITIO, 2009. 54 c. [Karpova E.P.,
Tulupov D.A. Khronicheskii adenoidit u detei: posobie dlya vrachei [Chronic adenoiditis in children: manual for physicians]. Moscow:
Russian Medical Academy, 2009. 54 p.]

Kymnapesa M.B., Bunorpagosa T.B., Kemnmsu E.C., [Tapdpenos B.B., Koabuos B.JI., bparuna I'.C., Ilapmuna O.B.,
I'yceBa T.C. OcOOEHHOCTH UMMYHHOTO CTaTyca U CUCTEMbl MHTep(epoHa y IeTeil paHHero Bo3pacTa // Poccuiickuii BECTHUK
nepuHaroaoruu u neauatrpuu, 2016. T. 61, Ne 3. C. 12-21. [Kushnareva M.V., Vinogradova T.V., Keshishian E.S., Parfenov V.V.,
Koltsov V.D., Bragina G.S., Parshina O.V., Guseva T.S. Specific features of the immune status and interferon system of in-
fants. Rossiyskiy vestnik perinatologii i pediatrii = Russian Bulletin of Perinatology and Pediatrics, 2016, vol. 61, no. 3, pp. 12—21.
doi: 10.21508/1027-4065-2016-61-3-12-21 (In. Russ.))

Passun H.B., [llectakoB C.B. I'eHom npokapuot // BaBunoBckuii xxypHai reHetuku u cenekunu. 2013. T. 17, Ne 4/2. C. 972—
984. [Ravvin N.V., Shestakov S.V. The Genome of prokaryotes. Vavilovskii zhurnal genetiki i selektsii = Vavilov Journal of Genetics
and Breeding, 2013, vol. 17, no. 4/2, pp. 972—984. (In. Russ.)]

Pomanues M.I', Epiio ®.W. YacTo Gojetomiue aetu: coBpeMenHast ¢papmakorepanus. M.: TDOTAP-Menua, 2006. 192 c.
|Romantsev M.G., Ershov F.I. Chasto boleyushchie deti: sovremennaya farmakoterapiya [ Frequently ill children: modern phar-
macotherapy|. Moscow: GEOTAR-Media, 2006. 192 p.]

PomantioB M.I"., MenbsnukoBa W.10. YacTo Goneromue netu: Borpockl hapmakoTepanuu (HaydHbIi 0630p) // Terra medica.
2014. Ne 1. C. 55—69. [Romantsov M.G., Melnikova I.Yu. Sickly children: issues of pharmacotherapy (scientific review). Terra
Medica, 2014, no. 1, pp. 55—69. (In. Russ.)]

MMatent 2576839 Poccuiickas denepaius. Crnocod TMArHOCTMKM AMCOMOTMYECKUX HApylleHUA B OMOMTATaX CAM3KUCTOM
HOCa U IJIOTKH Yy JIeTell paHHETO W JOIIKOJIBHOIO BO3PacTa ¢ MOCTOSIHHO PEUMIMBUPYIOIIMMHI OCTPHIMU PECITUPATOPHBIMU
nHbekuusamu / Tiomeres A.B., lla6annuna E.B., [la6anaux A.B., Pazanues C.B., Cum6upien A.C. 3asBUTEIN U TATEHTO-
obmagareu: Tiomenes A.B., Illa6anauna E.B., [Ha6anguu A.B., Pazanues C.B., Cum6upues A.C.; 3asi. 16.10.2013; omy0.1.
10.03.2016 [Patent 2576839 Russian Federation. A method for diagnosing dysbiotic disorders in biopsies of nasal mucosa and
pharynx in children of early and preschool age with recurring acute respiratory infections / Tyumenev A.V., Shabaldina E.V.,,
Shabaldin A.V., Ryazantsev S.V., Simbirtsev A.S. Applicants and patent holders: Tyumenev A.V., Shabaldina E.V., Shabaldin A.V.,
Ryazantsev S.V., Simbirtsev A.S.; stat. 10.16.2013; publ. 03.10.2016]

MMateHT 2569054 Poccuiickas @enepainusi. Crioco6 onpeeseHue MPOBOCTATUTENbHBIX U MPOATIEPrUUeCKUX UHTEePIICH-
KMHOB B Ha3aJIbHOM CEKpeTe y JIeTeil paHHETro M JOUIKOJIBHOTO BO3pacTa ISl IUarHOCTUKY STHOJIOTUY PV BUPYIOTIIX
OCTPBIX pUHOGAPUHTUTOB U afeHounutoB / TromeHeB A.B., lla6anauna E.B., lla6anaun A.B., Cumoupues A.C., Ps3an-
ueB C.B. 3asButens u mateHToob6manarensb [ BOY BI1O KemepoBckast rocymapcTBeHHast MeAMIIMHCKas akageMusi M3 P®D;
3asBi. 24.09.2013; ony6:1. 20.11.2014 [Patent 2569054 Russian Federation. Method for the determination of proinflammatory
and proallergic interleukins in nasal secretion in children of early and preschool age for diagnosis of the etiology of recurrent
acute rhinopharyngitis and adenoiditis / Tyumenev A.V., Shabaldina E.V., Shabaldin A.V., Simbirtsev A.S., Ryazantsev S.V.
Applicant and patent holder: Kemerovo State Medical Academy, Ministry of Health of the Russian Federation; stat. 24.09.2013;
publ. 20.11.2014]

. Madannuna E.B., Kyrenkosa H.E, Illa6anaun A.B., Jlucayenko I'.B. OcodeHHOCTH MMMYHHOIO U IUTOKMHOBOI'O CTATyCOB

y ieTei ¢ runeptpodueii TMM(OUIHOrO IIIOTOYHOTO KOJIbIA M COMYTCTBYIOIIEH ajieprueil K MHOEKIIMOHHBIM aHTUTeHaM //
Poccuiickas oropuHonapuHronorus. 2012. Ne 2. C. 118—123. [Shabalina E.V., Kutenkova N.E., Shabaldin A.V., Tikhonuk V.P.,
Lisachenko G.V. Characteristics of immune and cytokine status in children with hypertrophy of lymphoid pharyngeal ring and
concomitant allergies to infectious antigens. Rossiiskaya otorinolaringologiya = Russian Otorhinolaryngology, 2012, no. 2, pp. 118—
123. (In. Russ.)]

. Ma6anguna E.B., KyrenkoBa H.E., lla6anaun A.B., Tuxoniok B.I1., Jlucauenko I'.B. Ponb ceHcubuamzauum K nHQpeK-

LIMOHHBIM aHTUT€HAM B MaTOreHe3e pelUIMBUPOBAHUS OCTPBIX pecupaTopHbiX uHbekuuit y aereit // [leauatpus. 2013.
Ne 1. C. 24-33. [Shabalina E.V., Kutenkova N.E., Shabaldin A.V., Tikhonuk V.P., Lisachenko G.V. The role of sensitization to in-
fectious antigens in the pathogenesis of recurrence of acute respiratory infections in children. Pediatriya = Pediatrics, 2013, no. 1,
pp- 24—33. (In. Russ.)|

[ecrako C.B. Kak mpoucxoauT M 4yeM JUMUTHUPYETCS TOPU3OHTAJIbHBIN MTEPEHOC TeHOB Y 0akTepuii // DKolorndyeckas
redetnka. 2007. T. 2, Ne 5. C. 12—24. [Shestakov S.V. How is and then is limited by horizontal gene transfer in bacteria.
FEkologicheskaya genetika = Ecological Genetics, 2007, vol. 2, no. 5, pp. 12—24. (In. Russ.)]

[ectakoB C.B. MeTtareHoMuKa MUKpoOroMa 4ejoBeka // Ycnexu coBpeMerHoi ouonoruu. 2010. T. 130, Ne 6. C. 531-543.
[Shestakov S.V. Metagenomics of the human microbiome. Uspekhi sovremennoi biologii = Advances in Current Biology, 2010,
vol. 130, no. 6, pp. 531—543. (In. Russ.)|

ennsaruna JILA. CekpeTopHbIii UMMYHUTET KUIIEUHUKA Y eTell paHHero Bo3pacta // [Menquatpus. 2011. Ne 3. C. 48—50.
[Schepljagina L.A. Secretory immune system of the intestine at children of early age. Pediatriya = Pediatrics, 2011, no. 3, pp. 48—
50. (In. Russ.))

Bassis C.M., Erb-Downward J.R., Dickson R.P., Freeman C.M., Schmidt T.M., Yong V.B., Beck J.M., CurtisJ.L., Huffnagle G.B.,
Ravel J. Analysis of the upper respiratory tract microbiotas as the source of the lung and gastric microbiotas in healthy individuals.
MBio, 2015, vol. 6, no. 2: e00037-15. doi: 10.1128/mBio.00037-15

Benninger M., Brook 1., Bernstein J.M., Casey J.R., Roos K., Marple B., Farrar J.R. Bacterial interference in upper respiratory
tract infections: a systematic review. Am. J. Rhinolm. Allergy, 2011, vol. 25, no. 2, pp. 82—88. doi: 10.2500/ajra.2011.25.3594

347



A.B. lWabanauH, E.B. LWabanauHa, A.C. Cumbupues WNHbekums n UMMyHHUTET

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Biesbroek G., Tsivtsivadze E., Sanders E.A., Montijn R., Veenhoven R.H., Keijser B.J. Early respiratory microbiota composition
determines bacterial succession patterns and respiratory health in children. Am. J. Respir. Crit. Care Med., 2014, vol. 190, no. 11,
pp. 1283—1292. doi: 10.1164/rccm.201407-12400C

Bochkov Y.A., Grindle K., Vang F., Evans M.D., Gern J.E. Improved molecular typing assay for rhinovirus species A, B, and C.
J. Clin. Microbiol., 2014, vol. 52, no. 7, pp. 2461—2471. doi: 10.1128/JCM.00075-14

Bogaert D., Keijser B., Huse S., Rossen J., Veenhoven R., Van Gils E., Bruin J., Montijn R., Bonten M., Sanders E. Variability
and diversity of nasopharyngeal microbiota in children: a metagenomic analysis. PLoS One, 2011, vol. 6, no. 2, pp. 17035—17043.
doi: 10.1371/journal.pone.0017035

Bogaert D., van Belkum A., Sluijter M., Luijendijk A., de Groot R., Rumke H.C. Colonisation by Streptococcus pneumoniae and
Staphylococcus aureus in healthy children. Lancet, 2004, vol. 363, iss. 9424, pp. 1871—1872. doi: 10.1016/S0140-6736(04)16357-5
Costello E.K., Lauber C.L., Hamady M., Fierer N., Gordon J.I., Knight R. Bacterial community variation in human body habi-
tats across space and time. Science, 2009, vol. 326, iss. 5960, pp. 1694—1697. doi: 10.1126/science.1177486

Dickson R.P., Erb-Downward J.R., Huffnagle G.B. The role of the bacterial microbiome in lung disease. Expert Rev. Respir. Med.,
2013, vol. 7, iss. 3, pp. 245—257. doi: 10.1586/ers.13.24

Dickson R.P., Erb-Downward J.R., Martinez F.J., Huffnagle G.B. The microbiome and the respiratory tract. Annu. Rev. Physiol.,
2016, vol. 78, pp. 481—504. doi: 10.1146/annurev-physiol-021115-105238

Dickson R.P., Martinez F.J., Huffnagle G.B. The role of the microbiome in exacerbations of chronic lung diseases. Lancet, 2014,
vol. 384, iss. 9944, pp. 691—702. doi: 10.1016/S0140-6736(14)61136-3

Edwards R.A., Rohwer F. Viral metagenomics. Nat. Rev. Microbiol., 2005, vol. 3, pp. 504—510. doi: 10.1038/nrmicrol163

Gao Z.,KangY.,JunY., Ren L. Human pharyngeal microbiome may play a protective role in respiratory tract infections. Genom.
Proteom. Bioinformat., 2014, vol. 12, iss. 3, pp. 144—150. doi: 10.1016/.gpb.2014.06.001

Hilty M., Burke C., Pedro H., Cardenas P., Bush A., Bossley C., Davies J., Ervine A., Poulter L., Pachter L., Moffatt M.F.,
Cookson W.O. Disordered microbial communities in asthmatic airways. PLoS One, 2010, vol. 5, iss. 1, e:8578. doi: 10.1371/jour-
nal.pone.0008578

Jensen A., Fago-Olsen H., Sorensen C.H., Kilian M. Molecular mapping to species level of the tonsillar crypt microbiota associ-
ated with health and recurrent tonsillitis. PLoS One, 2013, vol. 8, iss. 2: e56418. doi: 10.1371/journal.pone.0056418

Kononen E. Development of oral bacterial flora in young children. Ann. Med, 2000, vol. 32, iss. 2, pp. 107—112. doi: 10.3109/
07853890009011759

Kumar H., Lund R., Laiho A., Lundelin K., Ley R.E., Isolauri E., Salminen S. Gut microbiota as an epigenetic regulator: pilot
study based on whole-genome methylation analysis. MBio, 2014, vol. 5, no. 6: e02113-14. doi: 10.1128/mBio.02113-14

Lebon A., Labout J.A., Verbrugh H.A., Jaddoe V.W., Hofman A., van Wamel W., Moll H.A., van Belkam A. Dynamics and
determinants of Staphylococcus aureus carriage in infancy: the Generation R Study. J. Clin. Microbiol., 2008, vol. 46, no. 10,
pp. 3517—-3521. doi: 10.1128/JCM.00641-08

Lee W.-M., Grindle K., Pappas T., Marshall D.J., Moser M.J., Beaty E.L., Shult P.A., Prudent J.R., Gern J.E. High-throughput,
sensitive, and accurate multiplex PCR-microsphere flow cytometry system for large-scale comprehensive detection of respiratory
viruses. J. Clin. Microbiol., 2007, vol. 45, no. 8, pp. 2626—2634. doi: 10.1128/JCM.02501-06

Liu C.M., Cosetti M.K., Aziz M., Buchhagen J.L., Contente-Cuomo T.L., Price L.B., Keim P.S., Lalwani A.K. The otologic
microbiome: a study of the bacterial microbiota in a pediatric patient with chronic serous otitis media using 16SrRNA gene-based
pyrosequencing. Arch. Otolaryngol. Head Neck Surg., 2011, vol. 137, no. 7, pp. 664—668. doi: 10.1001/archoto.2011.116

Lysholm F., Wetterbom A., Lindau C., Darban H., Bjerkner A., Fahlander K., Lindberg A.M., Persson B., Allander T., Anders-
son B. Characterization of the viral microbiome in patients with severe lower respiratory tract infections, using metagenomic
sequencing. PLoS One, 2012, vol. 7, no. 2: e30875. doi: 10.1371/journal.pone.0030875

Malygina O.G., Bazhukova T.A. Influence of antibiotics on formation of microecology in premature children with low and ext-
remely low body weight at birth. J. Microbiol. Epidemiol. Immunobiol., 2014, no. 1, pp. 61—65. PMID: 24738296

Moore H.C., Jacoby P., Taylor A., Harnett G., Bowman J., Riley T.V., Smith D.W., Lehmann D. The interaction between res-
piratory viruses and pathogenic bacteria in the upper respiratory tract of asymptomatic aboriginal and non-aboriginal children.
Pediatr. Infect. Dis. J., 2010, vol. 29, iss. 6, pp. 540—545. doi: 10.1097/inf-0b013e3181d067cb

Peterson S.W., Knox N.C., Golding G.R., Tyler S.D., Tyler A.D., Mabon P., Embree J.E., Fleming F., Fanella S., van Domselaar G.,
Mulvey M.R., Graham M.R. A study of the infant nasal microbiome development over the first year of life and in relation to their
primary adult caregivers using cpn60 universal target (UT) as a phylogenetic marker. PLoS One, 2016, vol. 11, no. 3: e0152493.
doi: 10.1371/journal.pone.0152493

Quintero B., Araque M., van der Gaast-de Jongh C., Escalona F., Correa M., Morillo-Puente S., Vielma S., Hermans PW.M.
Epidemiology of Streptococcus pneumoniae and Staphylococcus aureus colonization in healthy Venezuelan children. Eur. J. Clin.
Microbiol. Infect. Dis., 2011, vol. 30, iss. 1, pp. 7—19. doi: 10.1007/s10096-010-1044-6

Rajeschwary A., Rai S., Somayaji G., Pai V. Bacteriology of symptomatic adenoids in children. North Am. J. Med. Sci., 2013, vol. 5,
no. 2, pp. 113—118. doi: 10.4103/1947-2714.107529

RenT., Ulrike D.G., Nguyen T.N., Kaitlynn E.A., Early S.V., Sale M., Winther B., Wu M. 16S rRNA survey revealed complex bac-
terial communities and evidence of bacterial interference on human adenoids. Environ. Microbiol., 2012, vol. 15, no. 2, pp. 2—13.
doi: 10.1111/1462-2920.12000

Sakwinska O., Schmid V.B., Berger B., Bruttin A., Keitel K., Lepage M., Moine D., Bru C.N., Briissow H., Gervaix A.
Nasopharyngeal microbiota in healthy children and pneumonia patients. J. Clin. Microbiol., 2014, vol. 52, no. 5, pp. 1590—1594.
doi:10.1128/JCM.03280-13

Santee C.A., Nagalingam N.A., Faruqi A.A., DeMuri G.P., Gern J.E., Wald E.R., Lynch S.V. Nasopharyngeal microbiota com-
position of children is related to the frequency of upper respiratory infection and acute sinusitis. Microbiome, 2016, vol. 4: 34.
doi: 10.1186/540168-016-0179-9

348



2017, T.7,Ne 4

OcobeHHOCTN MUKpobMoma

44,

45.

46.

47.

48.

Scholz C.F., Poulsen K., Kilian M. Novel molecular method for identification of Streptococcus pneumoniae applicable to clini-
cal microbiology and 16S rRNA sequence-based microbiome studies. J. Clin. Microbiol., 2012, vol. 50, no. 6, pp. 1968—1973.
doi: 10.1128/JCM.00365-12

Shilts M.H., Rosas-Salazar C., Tovchigrechko A., Larkin E.K., Torralba M., Akopov A., Halpin R., Peebles R.S., Moore M.L.,
Anderson L.J., Nelson K.E., Hartert T.V., Das S.R. Minimally invasive sampling method identifies differences in taxonomic
richness of nasal microbiomes in young infants associated with mode of delivery. Microb. Ecol., 2016, vol. 71, iss. 1, pp. 233—242.
doi: 10.1007/500248-015-0663-y

Stearns J.C., Davidson C.J., McKeon S., Whelan F.J., Fontes M.E., Schryvers A.B., Bowdish D.M., Kellner J.D., Surette M.G.
Culture and molecular-based profiles show shifts in bacterial communities of the upper respiratory tract that occur with age.
ISME J., 2015, no. 9, pp. 1246—1259. doi: 10.1038/ismej.2014.250

Structure, function and diversity of the healthy human microbiome. The Human Microbiome Project Consortium. Nature, 2012,
vol. 486, no. 7402, pp. 201-214. doi: 10.1038/naturel 1234

Teo S.M., Mok D., Pham K., Kusel M., Serralha M., Troy N., Holt B.J., Hales B.J., Walker M.V., Hollams E., Bochkov Y.A.,
Grindle K., Johnston S.L., Gern J.E., Sly P.D., Holt P.G., Holt K.E., Inouye M. The infant nasopharyngeal microbiome impacts
severity of lower respiratory infection and risk of asthma development. Cell Host & Microbe, 2015, vol. 17, no. 5, pp. 704—715.

doi: 10.1016/j.chom.2015.03.008

ABTOpBDI:

Wa6anguH A.B., 0.M.H., BEAYLLWI HAYYHbIV COTPYAHMK
nabopaTopum KneTouHbIx TexHonoruin reHY HAM komnnekcHbix
npobnem cepevyHO-CoCyanCTbIX 3a60neBaHuid, r. KeMeposo,
Poccus; npodeccop kadenpbl OTOPUHONAPUHIONOT N

1 KnnHUYeckon nmmyHonorum N’BOY BMNO Kemeposcknii
rocynapCTBEHHbI MeAULMHCKNIA yH1BEpPCUTeT M3 PO,

r. Kemepogo, Poccus;

Wa6anauHa E.B., o.M.H., 4OLEHT, 3aB. kadbenpoin
OTOPWHONIAPVHIONIOT MK U KJIMHUYECKOW MMMYHONOT UK
KemepoBckol rocyaapCTBEHHOM MeAMLNHCKOW akaaemMum,

r. Kemepogo, Poccus;

Cum6upues A.C., uneH-koppecnoHzeHT PAH, 1.6.H., npodeccop,
3am. AupekTopa no Hay4Hoi pabote Pryn rocHUM O4E PMEBA
Poccum, CankT-MeTepbypr, Poccus.

Authors:

Shabaldin A.V., PhD, MD (Medicine), Leading Researcher,
Laboratory of Cell Technologies, Research Institute for Complex
Issues of Cardiovascular Diseases, Kemerovo, Russian Federation;
Professor of Department of Otolaryngology and Clinical
Immunology, Kemerovo State Medical Academy, Kemerovo, Russian
Federation;

Shabaldina E.V., PhD, MD (Medicine), Associate Professor, Head
of the Department of Otorhinolaryngology and Clinical Immunology,
Kemerovo State Medical Academy, Kemerovo, Russian Federation;
Simbirtsev A.S., RAS Corresponding Member, PhD, MD (Biology),
Professor, Deputy Director on Science of State Research Institute
of Highly Pure Biopreparations, St. Petersburg, Russian Federation.

MocTynuna B pegakumio 17.04.2017
OtnpaBneHa Ha gopaboTky 17.05.2017
MpuHsaTa k nevyatn 27.06.2017

Received 17.04.2017
Revision received 17.05.2017
Accepted 27.06.2017

349



OpurnHanbHble CTaTby Original articles

NHudekums n ummyHuteT Russian Journal of Infection and Immunity = Infektsiya i immunitet
2017, T.7, Ne 4, c. 350-358 2017, vol. 7, no. 4, pp. 350-358
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Pe3stome. Llens nccienoBaHus: BEISIBUT SITHAEMUOIOTHUSCKIE 0COOCHHOCTH 0aKTepHaIbHBIX MHMOEKIINH Y TalIHEHTOB
1 3aKOHOMEPHOCTH LN PKYJISIIAN STTUASMHUOIOTMUSCKY 3HATMMBIX MUKPOOPTaHU3MOB B OTAEICHUSIX TPAHCIJIAHTALIHI
KOCTHOTO Mo3ra. Mamepuanst u memoost. ViccienoBaHue TpoBOAMIIOCH Ha 0a3e TpeX OTHeJICHU I TPaHCTIAHTAIlU KOCT-
Horo Mo3ra. C IeJIbIo BEISBICHUS SITUIEMHUOIOTMUSCKIX OCOOCHHOCTEM OaKTepHaTbHBIX MH(PEKIINIA OBLIO TPOBEICHO
npocnekTuBHoe HabaoaeHue ¢ 01.04 o 31.08.14 rona (91 mamueHT), KOTOPOE BKJII0YAJI0 aKTUBHOE BbISIBJIEHUE Clyya-
eB MHGEKIINY U MUKPOOHOJIOTHUECKOE 00C/IeIoBaHNe MTAlIMEHTOB. JIJTsI BBISIBICHUS IUPKYIISIIANA STTUIEMHUOIOTAUC-
CKU 3HAUMMBIX MUKPOOPTraHU3MOB MPOBOIUIMCH UCCIENOBAHMS TOYEUHOI MpeBaseHTHOCTH (59 mauueHToB, 170 uc-
cJeaoBaHM i 00BEKTOB BHEIIHEH cpeabl). JI1st u3yyeHust 3Ha4eHU sl KOJOHU3al MK MTPOBOAMIICSI MUKPOOUOJIOrMYeCK Ui
MOHUTOPHUHT 3a KOJIOHM3AIlMeil MalMeHTOB IPU MOCTYIJICHUU B OTAEJCHME, Jajee KaXXIylo HeIealo 10 BBIIHMCKU.
HccnenoBaHuio MOAIEXaa CMBIBBI C KOXHU U CJIM3UCTOI 000JI0UKM POTOBOI MOJIOCTH, Kajl. BeimoiaHeHo 639 uccie-
noBaHUi oT 50 MalMeHTOB. Pe3yabmamol: B XOIE UCCIIENOBAHNMS BBISIBICHA BBICOKASI YaCTOTAa MH(MEKIIMOHHBIX OCIOXK-
HeHmii y manueHToB oTaenenniit TKM (100 ciyyaeB 6akTepra bHbIX MHOEKITMOHHBIX OCIOXHEHUH y 57 MallueHTOoB:
cencruc — 30,8 Ha 100 marmenToB, mHeBMOHMS — 26,4 Ha 100 manneHToB, MH(MEKIMN MOYEBLIBOASAIINX ITyTeil — 32,9
Ha 100 manueHToB, nH(PEeKIUY MATKUX TKaHeit — 9,9 Ha 100 manueHToB, KaTeTep-acCOMUPOBaHHAsT MHGMEKITNS KPO-
BoToka — 9,9 Ha 100 mamreHTOB). BoTbIIMHCTBO MH(MEK NI OB BBI3BAHEI TPAMOTPUIIATEIbHBIMIA MUKPOOPTaHN3Ma-
MM, B 9acTHOCTH K. pneumoniae. Hauany KIMHUUECKUX MTPOSIBIICHUI ITpeIIIcCTBOBANA KOJOHM3AIMS MalleHTa TaH-
HBIMM MUKPOOpraHu3MaMu. JleTaabHbIe HCXOIbI HAOMIOAAINCH OT CEIICHca M ITHEBMOHWY, BEI3BAaHHBIX K. pneumoniae
u/unu P. aeruginosa. Cericuic v THeBMOHM S BO3HMKaJIK Yalie Ha poHe nuroneHun RR 2,63 [95% AU 1,52—4,57] p= 0,004
n RR 3,97 [95% AU 2,19—7,19] p < 0,001 cooTBeTCTBEeHHO. B IMHaMIKe YacTOTa KOJIOHM3ALIM | MAllUeHTOB YYBCTBUTE I b-
HBIMM K aHTMOMOTMKAM MUKPOOPraHM3MaMU CHUXXaJach, a Ppe3UCTEHTHBIMU yBeanurBaniach. Cepus mpeBaJeHTHbIX
HCCIeI0BaHMI BhISIBUIIA MTOCTOSHHYI0 LU PKYAsiuio VRE B oTaeneHnn ¢ KOHTaKTHO-OBITOBBIM ITyTEM Tepeaayu yepes
00BEKTHI OBITOBOTO Ha3HAUEHUS. MyIbTHPE3UCTEHTHBIE TPAMOTPUIIATeIbHbIE MUKPOOPTaHU3MbI HE UMEJIH ITOCTOSTH-
HOH LUPKYJISILINHU U TOSIBJISUIMCH SITM30ANYeCKM Ha (DOHE LIUPKYJISIIAY YyBCTBUTEIBHBIX IITAMMOB THX BO30yIUTE-
neit. Boigodsr. TpeOyeTcst BHeAPEHME TTPOCIIEKTUBHOTO SITMAEMUOIOTNIeCKOr0 HAOIONEHN ST 1 MUKPOOMOIOTMUECKOTO
MOHUTOPHUHTA B OTACICHUSIX JTaHHOTO Ipodmis. [llnpokas KoHTaMUHAIMS OBITOBBIX 00BEKTOB BHEIITHEH CpeIbl TTOKa-
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3BIBaCT HEOOXOIMMOCTD YCHJICHWSI TMTUEHNYECKOT0 00YyUeHU I TTAIIEHTOB M TTIOCETUTEJIEH, a TaKKe Ne3nH(PEKITNN TaH-
HBIX 00beKTOB. KpoMme Toro, Mbl peKOMEHIyeM BHEIpeH e exKeHeAeTbHOr0 00C/IeI0BaH S TALIMEHTOB Ha HOCUTEIBCTBO
MMAP B KullIeUHUKE.

Karoueenie caosa: LIH¢€KL4LH,{, CB8sA3A4HHblE C OKA3aHUeM MeaLlL(MHCICOIZ nomouiu, gbalcmopbl-pucxa, BAHKOMUUUH-pEe3UCMEeHMHble
OHMEPOKOKKU, npeeaNeHmHOCHb, MOAEKYAAPHO-2ceHemuvecKkoe munuposarnue, mpaHcnianmauyus KOChHo20 mosed.

EPIDEMIOLOGICAL FEATURES OF BACTERIAL INFECTIONS IN BONE MARROW
TRANSPLANT UNITS

Lyubimova A.V.?, Ryakhovskikh S.A.?, Shalyapina N.A.?, Brodina T.V.?, Averyanova M.Yu.?, Aslanov B.1.2,
Nechaev V.V.?

@ North-Western State Medical University named after I.1. Mechnikov, St. Petersburg, Russian Federation

b Institute of Pediatric Hematology and Transplantation named after R.M. Gorbacheva, Pavlov First St. Petersburg State Medical
University, St. Petersburg, Russian Federation

Abstract. The aim of the study was to identify the epidemiological features of bacterial infections in patients and circulation
of epidemiologically significant microorganisms in the bone marrow transplant (BMT) units. Materials and methods. The study
was conducted in three BMT departments. To identify the epidemiological features of bacterial infections, a prospective ob-
servational study was conducted from 01 April 2014 to 31 August 2014 (91 patients) which included active detection of cases
of infection and microbiological examination of patients. In order to detect the circulation of epidemiologically significant mi-
croorganisms, point prevalence studies (59 patients, 170 environmental samples) were conducted. To study the role of coloniza-
tion, microbiological monitoring of patients on admission to the department was carried out, and repeated every week before
discharge. Swab samples from skin and mucous membrane of the oral cavity and stool sampleswere included in the monitoring.
In total, 639 samples from 50 patients were tested. Results. The study revealed a high incidence of infectious complications
in BMT patients (100 cases of bacterial infections in 57 patients: sepsis 30.8 per 100 patients, pneumonia 26.4 per 100 patients,
urinary tract infections 32.9 per 100 patients, soft tissue infection 9.9 per 100 patients, catheter-associated bloodstream infection
9.9 per 100 patients). Most infections were caused by Gram-negative bacteria, in particular K. pneumoniae. The onset of disease
manifestation was preceded by colonization of the patient with these microorganisms. Fatal outcomes were observed from sepsis
and pneumonia caused by K. pneumoniae and/or P. aeruginosa. Sepsis and pneumonia were often associated with cytopenia, RR
2.63 [95% CI 1.52—4.57] p = 0.004 and RR 3.97 [95% CI 2.19—7.19] p < 0.001 respectively. In course of observation, the fre-
quency of colonization of patients with microorganisms susceptible to antibiotics decreased, and colonization with resistant
pathogens increased. A series of prevalence studies revealed a constant circulation of VRE in the BMT units with a contact-
transmission via household objects. Multidrug-resistant gram-negative microorganisms did not have a constant circulation and
appeared sporadically against the background of the constant circulation of susceptible strains of these pathogens. Conclusions.
Prospective epidemiological surveillance and microbiological monitoring are required in the BMT units. Widespread contami-
nation of household objects in the environment indicates the need to strengthen the hygienic education of patients and visitors
as well as disinfection of these facilities. In addition, we recommend introduction of weekly fecal screening cultures to monitor
intestinal colonization of patients with MDRO.

Key words: hospital-acquired infections, risk factors, vancomycin-resistant enterococci, prevalence, molecular typing, bone marrow
tranplantation.

BeepneHne

B Mupe TpaHCIIaHTAaIMIO TeMOIO3TUYCCKUX
c¢TBOJIOBBIX KJIeTOK (TT'CK) exxeromHo BBEITIOIHSIIOT
ooxee yem 50 000 maumeHTam mpu 6oJsiee yem 70 3a-
OosieBaHUsX [1]. YrHeTeHUEe MMMYHHOR CUCTEMBI
HanyeHTa IIpU TpaHCIUIAHTAIlUUA TEMOIIO3TUYEeC-
KUX CTBOJIOBBIX KJIETOK 3aKOHOMEPHO IIPUBO-
IUT K YBEJIMUYCHUIO KOJMYCCTBA M TSIKECTU WH-
GEeKIIMOHHBIX ocnoXHeHul. Cpean TMepBUYHBIX
W BTOPUYHBIX IIPUYUH CMEPTU OOJBHBIX 3JI0KaYe-
CTBEHHBIMU OOJIC3HSIMU KPOBU HaMOOJICEC YaCTOU
SBJISIIOTCS MH(MEKILMOHHBIE OCIOXHeHuss — 37%
ciay4aes [2].

Takke MHPEKIMOHHBIC OCJIOXKHCHUS, HapSIy
C PeUMANBOM reMo01acTo3a, SIBISIIOTCS OCHOBHOM

MPUYNHOW Heynad TPaHCIUIAHTAIIUU TE€MOTIOITH-
YeCKMX KJIETOK KOCTHOTO MoO3ra wju Tiepudepu-
YecKoll KpOBU. B TeueHUe HECKOJIBbKUX MECSIIEB
mocJie TpaHCIUIAHTAIlMU PEIMIUEHT TepeXKnBaeT
COCTOSTHUE, KOTOpPOE XapaKTepus3yeTcsl TTyO0OKOM
MUeJocynpeccueil ¥ UMMYHOAE(UIIUTOM.

Knunudyeckassi cuMmnTomMarhka 4daiie BCEro
CKyJHasi, W pacro3HaTh BOBJEYEHUE OPTaHOB
B MH(EKIMOHHBIN TIpollecc ymaeTrcss He Oosee
yeM y 30—40% nauueHTOB; BbIACIUTH MUKPOOP-
TaHW3MBI U3 KPOBHU WU APYTUX TUATHOCTUUECCKU
3HAYUMBIX OMOCyOCcTpaToB — eiie pexe: B 20—25%
cJTy4aes.

HecMmoTps Ha TO, YTO CMEPTHOCTbH, ACCOLIUUPO-
BaHHas ¢ MHpekuuaMu rnocie aanoreHHo TI'CK,
B TIOCJIEMHUWE JBa NECSTUJIETUs Oblla CHUXXEHa,
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npobiaemMa MHOEKIIMOHHBIX OCJIOXHEHUI OCTaeT-
Cs1 aKTyaJIbHOI, OCOOEHHO B CBSI3U C POCTOM YMC-
JlJa MUKPOOPTraHU3MOB C MHOXECTBEHHOI JeKap-
CTBEHHOI YyCTOMYUBOCTHIO [5].

Takum ob6pazom, mpucoenuHeHUEe UHPEKIIUOH-
HBIX OCJOXHEHUU B Mpoliecce JeyeHus remoodia-
CTO30B MOXET CTaTh IMIPUUYMHON TMOCIN maxe IIpu
OTCYTCTBUU IIPOTPECCHUPYIOMIETO POCTA OITyXOJIH.
Ha ¢done HeliTporieHUUW PUCK pa3BUTUS UHODEK-
LIMOHHBIX OCJOXHEHUI 3HAUYMUTEJIbHO BO3pacTaeT,
OHU ITPUOOPETAIOT aTUIIUYHOE, TSIXKEJIOoe U 3aTsIXK-
Hoe TeueHue [7]. ETMHCTBEHHBIM BBIXOJIOM U3 CJIO-
KUBIIEHCS cUTyalluM sIBJISIeTCs pa3paboTKa 000-
CHOBAHHBIX PEXMWMOB aHTUOAKTepUaabHONH MPO-
GbUIAKTUKU U TEpAIMU, OCHOBAHHBIX HAa U3YUYEHUU
STHUOJIOTUH, CIIEKTPpa aHTUONMOTUKOPE3UCTECHTHOC-
THU BO30OyAWUTENEH, a Takke (PakKTOPOB pUCKa pas3-
BUTHU S UHGMEKIIUNA, CBI3aHHBIX C OKa3aHUEM MeIU-
nuHckoit momoinu (MCMIT).

Lleb nccnenoBaHUs: BBISIBJICHHUE SITUICMUOJIO-
TUYECKUX OCOOEHHOCTEN OaKTepruaabHbIX MHDEK-
LM y MAallMEHTOB U LUPKYISLUU STTUAEMUOIOTU-
YeCKHM 3HAaYMMBbIX MUKPOOPIraHMU3MOB B OTIEICHU-
SIX TpaHCIUIAHTAIlIUU KOCTHOI'O MO3Ta.

Matepuasnbl 1 METOLbI

HccnenoBanue IIpOBOAMIIOCH Ha 0a3e TpexX OT-
JIeIeHUH TpaHCIJIAaHTAIlMM KOCTHOro Mo3ra Hayu-
HO-HCCIEIOBATEIILCKOTO MHCTUTYTa reMaTOJIOTUH,
TPaHCIJIAaHTOJIOTUU U OHKOoJIoruu uMeHu P.M. T'op-
oaueBoii IlepBoro Cankr-IleTepOyprckoro ro-
CYIapCTBEHHOTO MEIUIIMHCKOTO YHUBEPCHUTETA
nuMeHu akanemuka IlaBioBa u Ha 06a3ze Kadeapbl
SMUAEMUOJOTUM, Mapa3uTOJOTuu U Ae3UHMEeKTO-
norun @I'BOY BITO Cepepo-3amaaHblii rocymap-
CTBEHHBI1 MEOAMIMHCKUI YHUBEPCUTET WMEHU
N.N. MeurukoBa M3 PD.

WccrnenoBaHue MpoBOAMIJIOCH B HECKOJIBKO 3Ta-
OB Pa3HbBIMU METOAaMU SIUAECMHOJIOTUUECKOTO
HCCIIeTOBaHMS.

Buisigaenue snudemuonocuueckux ocobeHnHocmei
baxmepuaavbHbix uH@pexyuii. V3yyeHue 4acTOThI,
9TUOJIOTUU U (AKTOPOB pHUCKA Pa3BUTUS OakTe-
pHaIbHBIX WHOEKIIMOHHBIX OCJIOXKHEHUI TIPOBO-
IUJIOCh METONOM HPOCHEKTUBHOIO HAOIIOACHM S
¢ 01.04 no 31.08.14 r. ITox HaGaOAEHEM HAXOdUJI-
ca 91 manueHT. O ManMeHTaX cOOMpaiiCh CleIy-
OIIMe MaHHBIE. BO3pacT, AMArHO3, KOJIUYECTBO
OpPedBIAYIIUX TOCHUTAJIN3ALNA, KYpPCOB MOJIU-
XUMUOTEpauu, Tepanusl B XOIe TEKYIIel TOCIu-
Taauzaluu, IJIUTEIbHOCTh IIPUMEHEHMS WHBa-
3UBHBIX YCTPOWMCTB, NpeOBIBAHUE B OTICIICHUU
pecaHMMAaIlU, WUCXOH, MIUTEIBbHOCTh IIUTONCHUMN,
MHGEKIIMOHHBIE OCJIIOXKHEHUS W WX 3TUOJIOTHS.
PyTuHHOEe MUKpOOHMOJOrMYeckKkoe oOcaeaIoBaHue
NAalMeHTOB MPOBOMUJIOCH MO CICAYIOIMICH CcXeMe:
TMOCEB MOYM, KaJia, CMbIBa CO CAM3UCTOM 000JT0UKH
POTOBOIA TTOJIOCTH 3a 2 HEAESIU A0 TPAHCIIJIaHTaAllu U

KocTHoro mosra (TMK), 3arem moceB Moul, CMbIBa
CO CIM3UCTOI 00O0JOUKU POTOBOI IMOJOCTU KaxXK-
Ibple 3 OHS B mepuon HeUTpomeHUH. MUKpoOmo-
JIOTUYECKHME WCCIASOOBAHUS IPYTUX OMOCyOCcTpa-
TOB MTPOBOIMJINCH IO KIMHUISCCKUM ITOKA3aHUSIM.
HelitTponieHus1 onpenensiach Kak CHUXeHHUE a0-
COJIIOTHOTO 4YMCJa ITaJOYKOSIACPHBIX U CETrMEH-
TosiaepHbix HelTpoduioB (ANC) B mepudepu-
yecKou KpoBU A0 1,5 ThiC. B 1 MKJI KPOBU U HUXKE
[8, 9]. lyng nuarHOCTUKU Cercuca MCIoJIb30Baau
Kputepuu EBporieiickoro ooiiecTBa MHTEHCUBHOM
Teparnuu [10], UHTepHaIMOHAIBHOM OpraHU3alluu
«Cermicuc-@opym» [11], cornmacutesibHON KoHbe-
peHuuu Pocculiickoit accouualnuu CHeluaaucToOB
no xupyprudeckoit unbexkuuu [12]. Jluarnoctuka
KaTeTep-acCOMNPOBAaHHON WHMEKIUU KpPOBO-
TOKa OCYIIECTBJSJIaCh COIJTaCHO KJaccudukanuu
U KpUTEpUIM, pa3paboTaHHbIM LIeHTpoM 1o KOH-
Tpodw U TpodunakTuke 3aboneBaHuit CIHIA
(CDC) [13, 14, 15]. AuaraocTtuka 0aKTepuaIbHOMI
MTHEBMOHMHU OCYUIECTBIsIJIaCh HA OCHOBAHUU KPU-
TepreB HO30KOMUAJIbHOW Y BHEOOJIbHUYHOM MHEB-
MOHUM 3KcnepToB Poccuiickoro pecnmupaTopHOro
obmectBa (PPO), MexpernoHaJbHOI accoliva-
OUWU ITO0 KJIMHUYECKOM MUKPOOMOJIOTUN I aHTUMMU -
KpobHoit xumuorepanuu (MAKMAX), AnbsHca
KJIMHUYECKUX XUMUOTEepaneBTOB U MUKPOOMOJIO-
roB, Penepaliu aHECTE3UOJIOTOB M peaHUMAaTO-
smoroB Poccuu (PAP), Poccuiickoil accoumanum
CIEIIMAJIICTOB II0 XUPYPTUUYSCKUM WHOEKIUSIM
(PACXWM) [16, 17, 18]. JnarHOCTUYECKUMU KpPHU-
TEPUSIMU IJIS BBISIBICHUS WHMEKIIUU MOYCBBIBO-
nsamux nyteit (MMBIT) asasnuck JeHKOUUTYpUS
u 6akTepuypus (10 u 6osee MUKPOOHBIX TEJI B 1 MJI
Mouu nin 6osee 10° KOMTOHMIT MUKPOOPraHM3MOB
OIHOTO BMIA, BEIPOCIIMX MPU MOCeBe 1 MJI MOYH,
nian 10° KOJIOHUT MUKPOOPraHU3MOB OJHOIO BUIa
u3 1 MJI MOUHM, B3ITOI MOUYEBBIM KaTeTepoM). Kiu-
Huuyeckue npusHaku MMBII Mornu BapbupoBath
OT aCMMIITOMATUYECKO OaKTepuypuu IO BbIpa-
KCHHOUW MHTOKCUKAIINH, TU3YPUU U aHYPUU.

st U3y4eH M 1 KOJTOHU3AIIU U TTPOBOIUIICS MUK-
pOOHOJIOTMYECKUT MOHUTOPUHI IMAllMEHTOB ITPU
NOCTYIUICHUM B OTAECJICHUE, a aJiee KaXKAy He-
IIeJI0 10 BBIMTUCKHU U3 oTneeHus. McciaemoBaHWIO
MO/IJIEK TN CMBIBBI C KOXKHW U CJIM3UCTOU 000JIOUYKU
POTOBOI TTOJIOCTH, KaJi. Bcero BeimosHeHo 639 mc-
cleIoBaHUNM MaTepuana, MoiaydyeHHoro ot 50 ma-
HMEHTOB.

Buisgaenue  yupkyssyuu  dnudemuosocutecKu
ZHAYUMBIX MUKPOOp2aHu3mo8. VI3ydeHue UpKysi-
LOUU BIUAECMUOJIOTMYECKU 3HAYUMBIX MUKPOOP-
TaHU3MOB MPOBOIMJIOCH METOIOM MCCICIOBAHUMN
TOYECUHON TpEeBaJCHTHOCTHU. TPMKIBI B TEUCHHE
3 MecsIieB 4yepe3 paBHbIE MPOMEXYTKU BpeMEHU
NPOBOIUIUCH 0aKTEpUOJOTUYECKUE UCCIenoBa-
HUSI CMBIBOB CO CJIHM3UCTOM OOOJIOUKU POTOBOI
MOJIOCTH, KOXM, ITOCEBBI MOYHU, KaJla ITallMeHTOB,
a TaK>ke CMBIBOB C O0bEKTOB BHEIITHEH cpeabl. Eie
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2 uccaenoBaHKs ObLIM POBEAEHBI Yepe3 3 u 6 Me-
csaueB. Bcero ObliM obGciienoBaHbl 59 MalMeHTOB
(162 uccrnenoBaHuii), mpoeeaeHo 170 ucciaemnona-
HUIT 00bEKTOB BHEILIHEN CpeIbl.

OmnpeneneHue aHTUOMOTUKOPE3UCTEHTHOCTU
MMPOBOAUIOCH JTUCKO-TUGMDY3UOHHBIM METOI0M
B cooTBeTCTBUM ¢ pekoMeHaanusmu NCCLS [19]
Ha arape Miojiepa—XUHTOH U METOJIOM Cepuii-
HbIX pa3BeAeHUt Ha aHaau3zaTtope «VITEK-2».

Bepudukanuss ycTOMYMBOCTU 3SHTEPOKOKKOB
K BaHKOMUIIMHY OCYIIECTBISJIaCh aMILUIUGbU-
Kallueid KacceT BaHKOMUIIMH-PE3UCTEHTHOCTHU
vanA 1 vanB corjlacHO MeToauKe, MpenaokKeHHO!
Dutka-Malen S. et al. [20]. MosekyJispHO-TeHe-
TUYECKOE TUITMPOBAaHME 3HTEPOKOKKOB METOIOM
IMIP co «ciywaitHeiMu» TmipaiiMmepamMu (RAPD-
ITLP) mpoBoauJIOCh C MPUMEHEHUEM YHUBEPCAIb-
Horo npaiimepa RS (5~ AACGCGCAAC-3’) B KOH-
neHTpauu S50 TTMOJIb/MKJI COTJIACHO YCJIOBUSIM
peakuuu, npeajoxeHHbIM Martin B. ¢ coaBt. [21].
VNTR-aHanu3 npoBOaUJICSI C MCIOJIb30BAHUEM
MeTOAUKU, npeanoxkeHHoit J. Top ¢ coaBT. [22].

MonekynsipHO-TEHETUUYECKOEe TUIMPOBaHUE
rpamMoTpuLaTeabHbIX 0aKkTepuii MeTogoM RAPD-
TP ¢ npumeHeHuem npaitmepa M13 [23].

Peakniuu mpoBoauiauch Ha aMIudukaTopax
CFX96 (Bio-Rad, CIIA) m «Tepuuk» («IHK-
Texnomorusi», Poccusi), Mastercycler (Eppendorf
AG, I'epmaHus)

Ta6auua 1. NMpuyrHa cmepTH U aTUONOIUS
MHQEKLMNOHHbIX OCNI0OXKHEHW

Table 1. Etiology of infection mortality

MpuynHa cmepTU/aToNoOrus a6e. |
. : %
Etiology of mortality abs.
Heuud;exu,nouu@ 9 30,0
Noncontagious disease
Acneprunnes nerkux
o 1 3,3
Pulmonary aspergillosis
NUHdeKumsa nerknx HeyTOYHEHHOM 3TUOJI0TUN
: o : . 6 | 200
Not otherwise specified lung infection
MHeBmoHus/K. pneumoniae
. ) 3 10,0
Pneumonia/K. pneumoniae
Muesmonus/K. pneumoniae, P. aeruginosa
. . ; 1 3,3
Pneumonia/K. pneumoniae, P. aeruginosa
MHeBmoHus/P. aeruginosa
. X 1 3,3
Pneumonia/P. aeruginosa
NMHeBmMoHusa-cencuc/K. pneumoniae
. ) ) 5 16,7
Pneumonia-sepsis/K. pneumoniae
MHeBMoHusa-cencuc/P. aeruginosa
. ) . 2 6,7
Pneumonia-sepsis/P. aeruginosa
Cencuc/K. pneumoniae
. . 1 3,3
Sepsis/K. pneumoniae
Cencuc/P. aeruginosa
: ; 1 3,3
Sepsis/P. aeruginosa
00Lwmit uTor 30 1000
Total

Pesynbrarhl

BbigBneHue anupemmonoruyecknx ocooeHHocTenl
GakTepuanbHbiX MHPeKLUii

3a repuo/I NpOCIIEKTUBHOTO HAOIIOAEHU ST OBIJIO
BeIsgBieHO 100 ciaydaeB OGaKTepHaJibHBIX WHMEK-
IIMOHHBIX OCIOXHEHUMN y 57 MallueHTOB: CENCUC —
30,8, mHeBMOHUST — 26,4, MHPEKIIMU MOYEBHIBO-
Agmux nytein — 32,9, uHpeKUuUn MSATKUX TKa-
Hell — 9,9, kaTeTep-accollMUpoOBaHHAsI UHGMEKIIUS
KpoBoToka — 9,9 Ha 100 manneHTOB.

B 70 (71,4%) cnydasax nH(GEKIMOHHBIE OCI0X-
HEHUS OB 00YCIOBICHBI TPaMOTPHULIATSIHHBIMU
MHUKpoopranniMaMu. Haunbonee 4acTo OoHU BBHI3HI-
BaJii MHeBMOHUI0 — B 91,7% ciydaeB, cencuc ObLI
BbI3BaH JAaHHBIMM MHUKpOOpraHusmamMu B 64,3%
ciaydyaeB, MHMEKIMU MOYEBBIBOASIIUX MyTell —
76,7%, nHGEKUIUU MSITKUX TKaHeil — B 85,7%.
B 20% cnyuyaeB nHGeKLUM OBLIM BbI3BAHBI aCCO-
OUalUIMI MUKPOOPTaHU3MOB.

JleranbHocTh coctaBuia 32,97%, npu 3TOM
B 70% ciny4aeB IIPUYMHON CMePTH Obljla MH(MEKI -
OHHAas MATOJIOTHS, B 3TUOJOTUYECKON CTPYKType
KoTtopoi K. pneumoniae v P. aeruginosa 6b1711 Bbl-
sgBJIeHBbl B 66,7% cnyyasix (ta6ia. 1). JleraabHOCTH
OT UHMEKIIMOHHBIX OCJOXHEHUI, BbI3BAHHBIX
TaHHBIMU MUKpPOOpPraHu3MaMu, coctaBuia 24,6%.

ITHeBMOHMS yBeJIMYMBajla PUCK JIETaJTbLHOIO
ucxoga B 10,2 paza [95% AU 3,81-27,1] p < 0,01,
cericuc — B 2,3 pasza [95% AU 1,29—4,28], p=0,005.

Cericuc M ITIHEBMOHHMS BO3HHMKAJIMW daIle
Ha ¢pone uutonenuu (RR 2,63 [95% AU 1,52—4,57]
p = 0,004 u RR 3,97 [95% AU 2,19—7,19] p < 0,001
COOTBETCTBEHHO). MenuaHa AJUTEJIbHOCTU IIH-
TOIIEHUU OO BO3HMKHOBEHMS Celcuca CocTaBuJa
18 mHeil, a mHeBMOHUU — | neHb, 45,8% mmHEeBMO-
HUI OBITM OMAarHOCTUPOBAHBLI B ITIEPBBIC CYTKH
ouTorieHun. s npyrux pakKTopoB IJIsT pa3BUTUS
cerncuca CTaTUCTUIECKH 3HAUMMBIX Pa3JIMIHNil BBI-
SIBJIEHO He ObLIO.

dakTopaMu prcKa pa3BUTHUS MTHEBMOHUU SIBU-
nuch msaTass u oosiee rocrnutanuzanus (RR 1,99
[95% AN 1,03—3,87], p = 0,049), mectoii u 60-
Jee Kypc nomuxumuorepanuu (RR 2,98 [95% AN
1,22—-7,25] p = 0,008), anmnorennasgs TKM (RR 2,46
[95% AN 1,08—5,62] p = 0,022).

WM3yuyeHne KOJTOHU3alIuU NallMeHTOB 1ToKa3aJlo,
4yTo B 60% cinydaeB MHGEKLMOHHBIE OCIOXHEHUS
BO3HUKAJIM Ha (pOoHE TPEeAIIeCTBYIONIE KOJTOHM-
3allMM TallMeHTa JaHHBIM MHUKPOOPTAaHU3MOM.
Wudbekuus paspunach y 35,3% KOJOHU3UPOBAH-
HBIX MAllMEHTOB, TOrMa KaK MPW HEBBISIBICHHOM
KoJIoHM3anuu Tojbko y 12,1% (RR 2,91 [95% AN
0,95—8,94] p = 0,047). YacToTa U COOTHOIIEHUE
KOJIOHMU3AIIMW U KINHUYECKU BBIPAXKEHHBIX (OPM
MHGEKIIWN BapbUPOBAJIN ST PA3INIHBIX MUKPO-
OpraHu3MOB.

Tak okono 50% mallMeHTOB pa3BUBAaJIM KJIU-
HUYECKM BBIPAKCHHBIX (opMbl WHOEKOHWI IIpHu
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TaGnuua 2. XapaktepucTuka reHotunos E. faecium no peaynbstatam MLVA TunupoBaHus
Table 2. Characteristics of E. faecium genotypes according to serotyping

Ne wtamma
No. strains c':(;‘s":i’t:fp on VRE vanA s t'y';')g:: VNTR
of microorganisms

170 Gem 2014 + + 5-9-3-3-1-2
50 Gem 2013 + + 5-9-3-3-1-2
6-1 Gem 2013 + + 5-9-3-3-1-2
32 Gem 2013 + + 5-9-3-3-1-2
37 Gem 2013 + + 5-9-3-3-2-3
209 Gem 2014 + + 5-9-3-3-2-3
116 Gem 2014 + + 5-9-3-3-2-3
667 Gem 2014 + + 5-9-3-3-2-3
676 Gem 2014 + + 5-9-3-3-2-3

nHbunupoBanuu K. pneumoniae n A.baumannii,
Toraa Kak 75% npu unduuupoBanuu P. aeruginosa
U ToNbKO 16,7% — Enterobacter sp.

MukpoopraHu3Mbl C MHOXECTBEHHOI aHTHU-
onoTtukope3nucTeHTHOCThI0O (MMAP) Oblin BBIIC-
JeHbl oT 53,1% nauueHToB, u3 HUX K. pneumoniae,
pe3ncTeHTHasl K KapbarneHeMy — ot 22,5% mnanu-
eHTOB, FE. faecium, pe3MCTEeHTHBIII K BAHKOMMIIN-
Hy — 18,4% nauueHTtoB, P. aeruginosa, pe3UCTEHT-
Has K KapbarieHeMy, — oT 12,2% maiineHToB.

B nmHaMuKe 9yacToTa KOJIOHM3AIlMHY MAallIEHTOB
YYBCTBUTEIBHBIMU K aHTUOMOTUKAM MHKpPOOpPTIa-
HHU3MaMU CHUXaJlach, a Pe3UCTCHTHBIMU — yBEJIN-
yuBaJach (puc.).

IIpy mocTymjeHUU UM B MEPBYIO HEAENIO TO-
cnurtaau3anuu B otaesieHne MMAP ot nmanmeH-
TOB BblJeJIeHO He Oblio. BriepBble KojaoHU3aLUs
naineHToB MMAP nogasasgerca Ha 2 Henelle ro-
CIUTaIM3alliy, Pe3KO YBeJIMUYMUBAasICh Ha 3 Hemele
M TIPOJI0JIXKAasl OCTaBaThCsl HA BLICOKOM YPOBHE BEChH
NAaJbHEUINWNA NePUOI TOCOUTAIN3IAL U,

CrenyeT OTMETUTD, YTO BCE BBIACIICHHBIC IIITaM-
Mbl P. aeruginosa OblJi pe3UCTEHTHBI K KapOarieHe-
My. TOJIBKO B OJJHOM cjiy4ae MallueHT OblJI KOJIOH M-
3UPOBAH U YYBCTBUTEJIbHBIMU, U PE3UCTEHTHBIMU
K KapbarneHemy mitammamu K. pneumoniae, BO BCeX
OCTaJbHBIX CJlyyasix HaOjwpogajach KOJOHHU3aA-
LM UMW TOJbKO YYBCTBUTEJIbHBIMU, WUJU TOJIb-
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Mpv nocTynneHum 1 Hepens 2 Hepens 3 Hepens 4 Hepens
On admission 15t week 2" week 3 week 4" week
,D,J'IVITeﬂbHOCTb rocnutanm3aumm
Duration of hospitalisation
——— VSE - = = VRE — GN-CS = = = GN-CR

PucyHok. [InHamMunka 4acToTbl KOJIOHM3aLUU/MHG EKLMN NaLUEHTOB B Neprop, npedbiBaHNs B OTAEIEHUN

OHKOremartoJsiormm

Figure. Curve of patients colonization/infection rate during hospitalisation at the oncohematology units
VSE — BaHKOMMWUWMH-4YBCTBUTENbHBIN E. faecium; VRE — BaHKOMULMH-PE3NCTEHTHBIN E. faecium; Mp-CS — kapbaneHem-
4yBCTBUTESNbHBIE [P~ MMKpOOpraHmamsl; p-CR — kap6aneHeM-pe3ncTeHTHbIe [P~ MUKPOOPraHn3Mbl.

VSE — vancomycin-sensitive E. faecium; VRE — vancomycin-resistant E. faecium; Gram-negative-CS — carbapenem-sensitive
Gr~ microorganisms; Gram-negative-CR — carbapenem-resistant Gr- microorganisms.
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KO PE3UCTEHTHBIMU K KapOareHeMy IITaMMaMU.
E. faecium, pe3ucTeHTHBIIA K BAHKOMUILIUHY, B Te-
JyeHue rocnuTanu3aluuu 3ameinan E. faecium, 4yB-
CTBUTEJIBHOTO K BAHKOMUIIMHY: B MEPBYIO HEAECIIO
TOCIUTANM3AUN OT MAILlMEHTOB ObLIU BbIIEIEHbI
YYBCTBUTEJbHBIE K BAHKOMUIIMHY IITAMMBI, B ITO-
CJeAYIOlleM — YCTOMYMBBIE IIITAMMBI.

Hau6onee uyacto MMAP oOHapyXuBajauch
B KaJje TMalMeHTOB. VCcKioyeHue cocTaBisiia
P. aeruginosa, xotopast B 100% cnyuaeB Obliia BbI-
JleJIeHa CO CJIM3UCTON 000JOUKU POTOBO MOJIOCTH,
YTO CBUJAETEIBCTBYET O MPEUMYIIECTBEHHO 3K30-
TeHHOM UH(MUIIMPOBAHUY MAllMEHTOB.

ITpu nposenennu RAPD-ITLP nns monekyssip-
HO-T€HETUYECKOIo TUITMPOBAHUS U30JATOB K. pneu-
moniae, BbIIEJIEHHbBIX BXOJI€ TPOBEIECH U I TPOCTIEKTU B-
HOro HabJItoAeHUs, yaaaoch BeIsIBUTH 2 RAPD Tuna
3 14 MpOTUNHUPOBAHHBIX IITAMMOB, PE3UCTEHTHBIX
K KapbaneHemaM. RAPD-tun I Bkitouan 4 uzonsrta,
RAPD-tun II Bkirouan 2 uzonsita K. pneumoniae. Bece
ocTajibHbIe ITaMMbl K. pneumoniae He UMEJIU CXO[I-
HBIX MaTTEPHOB TUNHMpOBaHUs. [Ipy TUTIMpPOBaHUU
mtaMMoB Enterobacter spp. ObLJIO BBISIBJIEHO, 4TO 4
U3 5 U30JISITOB UMEIU CXOXUE MaTTepHbl TUITUPOBA-
HUSI, U OTHOCUJIUCH K omHOMY RAPD-Tumny, 4yto no-
3BOJISIET TOBOPUTH B MOJIb3Y TOCHUTAJILHOTO ITPOUC-
XOXJIEHU S JaHHOTO IITaMMa.

MonekynsipHO-T€HETUYECKOEe TUTTUPOBAHUE
9HTEPOKOKKOB, (EHOTUIIMYECKU YCTOUYMBBIX
K BaHKOMUIIMHY, Moka3saJjo, uyto 11 u3 13 mram-
MOB MOTJIM ObITh OTHECEHBbI K OJHOMY MPOMUIII0
RAPD-tuna. VYcToluuBOCTH K BaHKOMUIIMHY
y mTtaMMoB gaHHoro RAPD-Tumna 6s11a 00ycioB-
JIeHa HaJIMYMeM KacceThl BAHKOMUIIMHPE3UCTEHT-
HocTu vanA. Jnsa BepuduUKallMU pPe3yJbTaTOB
RAPD-reHOTUTIUPOBaHUS, KYJIBTYPbl HTOMUHMU-
poBaBliero B craimoHape RAPD-tuna 6wuin no-
MOJHUTEJbHO MPOTUNUPOBaHbl MeTogoM VINTR.
B pesyabrare VNTR TunupoBaHus BbIACICHO
2 ocHoBHbIX MLVA tuna (MTs)-MT-1 (5:9:3:3:1:2)
u MT-2 (5:9:3:3:2:3), KoTOpble HUPKYJIUPYIOT B JaH-
HOM CTallMOHape AJuTeabHOoe Bpems (Tad. 2).

BoisBneHue LUpKynsuum anngeMumosiormieckun
3HA4YNMbIX MUKPOOPraHn3mMmoB

I[Mpyu u3yyeHUU HUPKYJISLUNA SIIUIASMUOJIOIU-
YeCKM 3HAYUMMbIX MUKPOOPraHM3MOB METOAOM
KUCCJIENOBAHUSI TOYEYHOM MNPEeBaJEeHTHOCTU ObLIO
YCTaHOBJIEHO, 4YTO Cpeau TI'paMOTpULATEIbHbBIX
MMUKpPOOpPraHMU3MOB Mpeobyananu K. pneumoniae,
Enterobacter sp. I'paMnoJIOXXUTEIbHBIE MUKPOOP-
raHU3Mbl OBUIM TMPEACTAaBJIICHbI B OOJIBIIMHCTBE
cayyaeB S. epidermidis, E. faecium, E. faecalis. Bbl-
sIBJIeHa KOHTaMMHAaL M1 00bEKTOB BHEIIHEI Cpelbl
TaKMMU BIUIEMUOJOINYSCKU 3HAYMMBIMU MMU-
KpoopraHnusmamu, Kak K. pneumoniae, BAHKOMMU-
LIUH-pe3ucTeHTHbie E. faecium. MHoXecTBeHHasi
YCTOMYMBOCTh K aHTMOMOTHKAM OblJIa OOHapyKeHa
y E. faecium, K. pneumoniae, E. cloacae.

B pasHble aTanbl UcCIeNOBAaHUS YacTOTa BbIIe-
neHust MMAP Obl1ia HEOTMHAKOBOM.

B GosibIIMHCTBE UCCeI0OBaHU T TOUYCUHOM TTpe-
BaJIEHTHOCTH OT MAlIMEHTOB U U3 CMBIBOB C 00bEeK-
TOB BHelIHel cpenbl Obla BeiaedeH VRE. Vaens-
HBI Bec KoJioHu3upoBaHHBIX VRE mnanuneHTOB
OT BCEX KOJIOHU3UPOBAHHBIX E. faecium xoneodacs
ot 0 10 66,7%. @akTopaMu Mepenadyy 4alle BCEro
CJIY>KMJIN OOBEKTHI BHELITHE! Cpefbl OBITOBOTO Ha-
3HAYEeHUSI — CTOJBI B IMajarax, MUKPOBOJIHOBAS
neyb, XOoJoAMJbHMKU. CleayeT OTMETUTh, 4TO
B uccinenoBaHum Ne 2 VRE Obis1 0OHapyskeH B Ta-
JjlaTe Ha CTOJIe TIPU OTCYTCTBUU KOJOHU3UPOBAH-
HBIX MAIlMEHTOB B OTIAEJIEHU U, YTO MOXKET KOCBEH-
HO CBUJIETEJIbCTBOBATh O BO3MOXXHOCTU JJIUTEb-
Horo BbIXkUBaHUSA VRE Ha o0bekTax BHeEUIHEN
Ccpelbl.

Hecmotps Ha To, yTO KOoJloHU3auus Enterobac-
ter sp. HabJllonajJach Ha MPOTSIKEHUU TEPBBIX Ue-
ThIpeX HuccaeaoBaHuM, Enterobacter sp., ycTOMYU-
Bblii K KapoeneHeMaM (ECLCR), 611 oOHapyxkeH
TOJIBKO B McciienoBaHuu No 4 1 10JIsT TTallMeHTOB,
KOJIOHM3UPOBAHHBIX UM, OT BCEX KOJIOHU3MPOBaH-
HBIX Enterobacter sp. coctaBuna 24,8%. Ananorud-
Has cUTyallus Habjaromanach U C KOJOHU3ALIUEH
K. pneumoniae. KojloHu3aus MallMEHTOB TaHHBIM
MUKPOOPraHM3MOM Obljia BbIsIBJIEHA B 3 U3 5 ucclie-
noBaHuit. OgHako KojoHuzauus K. pneumoniae,
pe3ucteHTHOI K KapbanaHemam (KPNCR), Gblia
BBISIBJICHA JIMIIb B MCCiaenoBaHUM Ne 5, mojist Ta-
IIMEHTOB, KOJOHU3UPOBAHHBIX UM, OT BCEX KOJIO-
HM3UPOBaHHBIX K. pneumoniae coctaBuia 24,6%.
ITpu aToM no atoro, B ucciemoBanuu Ne 3, KPNCR
ObLJIa BbIAEEHA C KJIaBUATYPbl KOMITbIOTEpa Ha MOC-
Ty MEOUIIMHCKOM cecTphl. KosloHM3alus1 nmamueH-
Ta M KOHTaAaMUHAIMS OOBEKTOB BHEIIHEH Cpembl
P. aeruginosa ObUIM BBISIBJIEHBI TOJABKO B OIHOM
U3 UCCJIENOBAHUN.

MonekyasipHO-TeHETUYECKOE TUTIMPOBAHUE
metogoM RAPD-TTHP g MyabTUPEe3UCTEHTHBIX
uszonsaToB K. pneumoniae, Enterobacter sp. He T103BO-
JIVJIO BBISIBUTH CXOAHBIX NTATTEPHOB TUTTMPOBAHUSI.
B 10 e BpeMs ycTaHOBJeHO, 4yTo 17 u3 20 mram-
MOB 9HTEPOKOKKOB, (DEHOTUITNYECKH YCTOMIMBBIX
K BAHKOMMIIMHY, ObIJIM OTHECEHBI K OMTHOMY TPO-
¢duno RAPD-reHoTunupoBaHUs. YCTOWYMBOCTH
K BAHKOMUIIMHY Y IITaMMOB 1aHHOTO RAPD-Tumna
ObL1a O0OycJIOBJIEeHA HaJTUYMWEM KacCeTbl BAHKOMMU-
LIUHPE3UCTEHTHOCTHU vanA.

TakuM o0Opa3oMm, pe3yJbTaThl MPEBaJIEHTHOrO
HUCCIeIOBAaHU S MOKa3aJy MOCTOSTHHYIO LIUPKYJIs-
uuto VRE B otneneHuu ¢ epemavyeid ot maludeHTa
K ManueHTY KOHTaKTHO-OBITOBBIM NYyTEeM 4Yepe3
00BEKTHI BHEIIHEW Cpeabl OBITOBOTO Ha3zHAUYCHMUSI.
MynbTUPE3UCTEHTHBIE TPAMOTPUIIATEIbHBIE MUK-
pOOpPraHM3Mbl HE MMEJIU MOCTOSTHHOW IIUPKYJIs-
WU U TIOSIBIISIJIMCH TIEpUOANYECKM Ha (DPOHE LIUp-
KYJISIIIAY YYBCTBUTEJIbHBIX IITAMMOB 3TUX BO30Y-
OUTEJIeH.
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A.B. JltobumoBa u ap.

MHdekumns n uMmyHuTeT

O6cyxaeHne

BrisgBieHa BbicOKasi 4yacToTa MHMEKIITMOHHBIX
OCJIOXKHEHU U y MallUEHTOB OTAEJIEHUN TPaHCIJIaH-
TallMu KOCTHOT'O MO3ra. bolbIIMHCTBO MHMEKIU I
ObUIM BBI3BAaHBI TPAMOTPUIIATEIIBHBIMU MUKPO-
OpraHu3MaMu, JIUAUPYIOIIEe MOJOXEHUE Cpeau
KOTOpbIX 3aHuUMaeT K. pneumoniae. JleTanbHble
WCXOAbl HAOMIOMAINCH OT Cercruca U MTHEeBMOHUH,
BBI3BAaHHBIX K. pneumoniae i/unu P. aeruginosa.
B OosnbmiuHCTBE ciydyaeB Hadyaly KIMHUYECKUX
NpOSIBJIEHUN TpealiecTBOBala KOJOHU3alUs Ma-
MEeHTa AAaHHBIM MUKpoopraHusMom. KojoHu-
3alMs MalueHTa U UUTONEHUS SBJISIOTCS CTaTU-
CTUYECKU 3HAUMMBIMU (haKTOpaMU pUCKa cercuca
Y THEBMOHMWU.

bobia BbISIBJIEHA BBICOKAs 4acTOTa KOJIOHU3A-
uuu nanueHtoB MMAP. B nmpocneKTUBHOM Ha-
OJironeHUuU HauboJjiee 4acTo OOHapyKMBaaach KO-
JoHuzauus K. pneumoniae, pe3MCTEHTHON K Kap-
OarteHemMy. MIMEHHO HmaHHBI MUKPOOPTAaHU3M
Tak>ke HanboJiee 4YaCcTO BBI3bIBAJI KIIMHUYECKHU BbI-
paxkeHHble GOpMBI MH(MEKIINU, B TOM YUCTIE C Jie-
TaJIbHBIM UCXOJIOM. B mccienoBaHuu, mpoBeaeH-
HOoM B MTanum, Tak:ke OblJla ycCTaHOBJIEHA BBICOKA S
YyacTOTa KOJIOHU3ALUU TTallueHTOB K. pneumoniae,
PE3UCTEHTHOU K KapOaneHeMy, 0 KOTOpPOU c000-
muan 53,4% remMaToJIOTMYeCKUX HeHTpoB. [lpu-
yeM WHIUJICHTHOCTh WHMEKIIN, BBI3BAHHBIX
MaHHBIM MWKpOOpraHusaMom, Bo3pocia ¢ 0,1%
B 2010 10 0,7% B 2013 T. Y MallMEHTOB C ayTOTPaH-
crutantanuein u ¢ 0,4 1o 2,9% y nmauueHToB ¢ aj-
JIOTPAHCIJIAHTAllMEeN CTBOJIOBBIX KJIETOK KOCTHO-
ro Mosra. Yacrora KoJJOHM3a1M1 cocTaBuiaa 25,8%
u 39,2% coOoTBeTCTBEHHO. BBIsIBIIeHUEe HOCUTEEH
¥ paHHee oTpe/ie/ieHUe CTpaTeruu Teparnuu aBTo-
PBI BBIAESTSIOT KaK KJIIOUEBbIE MEPHI TTIOMOIIU Ta-
kM nanueHTam [24]. Cepueil mpeBaJICHTHBIX HC-
ciaenoBaHuli ObLIO BbISIBJIEHO, UTO K. pneumoniae,
pe3uCTeHTHAas K KapbarneHeMy, TUPKYIUPYET B OT-
JIEJIEHUU He TIOCTOSIHHO. BTOpBIM MO 4acToTe KO-
JnoHuzauuu ouin E. faecium, pe3UCTEHTHBIN K BaH-
KOMUIIMHY. HecMOTpst Ha TO, YTO MHOTUE HCCJIE-
JIOBaHU S MOKAa3bIBAIOT, YTO KOJOHU3AL U JTAHHBIM
MUKPOOPTaHU3MOM SBJIAeTCd (aKTOPOM pHCKa
pa3BuTusg UHGEKIUA KpoBOTOKa [5], B Hamem
WCCIEAOBAHUM CJydaeB WH(MEKIINN BBISIBICHO
He Obu1o. Yactota konoHuzauuu VRE Bapbupy-
eT B pa3JIMYHbIX uccienoBanusx 7,8% [25], 10,1%
[26], 24,6% [27]. Cepust mpeBaJeHTHBIX UCCEHO-
BAaHUI TakXe MoKa3aja 3HAYUTEJbHYIO Bapua-
0eJIbHOCTh 4acTOThl KooHu3zauuu (ot 0 mo 40%)
B pas3JiMyHble NMEepuoabl uccienoBaHusgd. OgHako
B UCCJIEAOBAHUU, B KOTOPOM HE OBLJIO BBISBJIEHO
KOJIOHU3UPOBAHHBIX MaliueHToB, VRE Ob11 0O6Ha-
pY>KeH Ha 00beKTaxX BHEIITHEW cpeabl. MOJIEKysIp-
HO-TEHETUYEeCKOEe TUIMPOBAHUE TMOKa3ajlo, 4YTO
OoJsiblIas YacTh LITAMMOB MOTJIa OBITh OTHECEHa
K onHoMmy npoduno RAPD-reHoTunupoBaHus.

YCTOMYNBOCTD K BAHKOMUIIMHY Y IITAMMOB JTaH-
Horo RAPD-tuna 6s11a, o0ycjioBjieHa HaJIU4YUeM
TeHHOU KacceThl BaHKOMUIIMHPE3UCTEHTHOCTU
vanA. B pesynapratre VNTR TunupoBaHus Bblae-
neHo 2 ocHoBHBIX MLVA tuna VRE, onun u3 Hux
SHJAEMUUYECKUM, APYroil — 3MUAeMUUYECKUN. DTO
JIOKa3blBaeT TOCTOSSHHYI0 uupkyasuuio VRE
B oTaejeHuU. Pe3ynabTaThl MccilenoBaHUS OO0bEK-
TOB BHEIIIHE! Cpelbl MoKa3aau, YTO HUPKYISIIIUS
VRE noaaepxuBaeTcss IOCPEACTBOM KOHTAKTHO-
ObITOBOI mepenadyu. KocBeHHO 3TO MOATBEpXaa-
eTCcsl MCCJIeOBaHUSIMU, TpoBeaeHHbIMU B KaHa-
JIe, B KOTOPBIX OBLJIO BBISIBJIEHO, YTO MAIlMEeHTHI BbI-
TMOJIHSIJIV TUTUEHY PYK B 29,7% 110CIie MOCeIeH U
tyanera, B 39,1% nepen enoii, B 3,3% nepen mnoce-
leHueM KyxXHu, B 2,9% mnepen BXOAOM B MajiaTy
U B 6,7% Tiepel BbIXOAOM U3 MaJiaThl. DTO CBUJEC-
TEJbCTBYET O BO3MOXHOCTHM Tepenadyn UWHGEKIIU R
OT O0BEKTOB BHEIIHEN cpeabl OOJBHUIIBI MTyTeM
HemnpsiMoro KoHTtakTa [28]. P. aeruginosa siBnsieTcs
OIHMM M3 3HAYMMBIX MUKPOOPTaHU3MOB, BBI3bIBa-
OIIKUX MaHUGecTHbIE GopMbl MHEKI M C BBICO-
KOW JIETaJbHOCThIO, a TAKXKe BCIIBIILIKYU UHGEK LU
B OTIEJeHUSX TpaHCIJaHTAallUM KOCTHOrO MoO3Tra
[5]. Ecniu B cepuu npeBaJIeHTHBIX UCCIeI0BaHU
OT MalIMEHTOB U C 00BEKTOB BHEIIIHEN Cpeabl Oblaa
BblaesieHa P. aeruginosa, 4yBCTBUTEJbHAsI K Kap-
OareHeMy, TO MpU MPOCHEKTHBHOM HaOIIOAEHUU
yYCTaHOBJIEHA LIUPKYJISALMS lITaMMa P. aeruginosa,
ycTolunBoro K KapOameHemy. OOHapyxKeHUe
E. cloacae, pe3ucTeHTHOTO K KapOamneHeMy, B OJl-
HOM U3 TMpeBaJeHTHBIX WCCIAEeIOBAHUN CBUIE-
TEJILCTBYET O TOM, UTO JI0OOI BUA U3 ceMmelicTBa
Enterobacteriacea MoxeT mnpuOOpecTU aHTUOUO-
TUKOPE3UCTEHTHOCTh B TMpOLEecCe LUPKYISALUN
B otnejieHunu. OTcyTcTBUe KoaoHuzauum MMAP
NpU NOCTYIJIEHUU B OTAEJEHUE CBUAETEIbCTBYET
0 GOpPMUPOBAHUU PE3UCTEHTHOCTU MO BIUSIHUEM
JiIeyeOHO-TMarHOCTUYECKOTO Tpolecca U o mepe-
naye MMAP mexny nmaiideHTaMHu.

Hns1 cBOEBPEMEHHOTO IPOBEACHUS Mep WH-
(hbeX1IITMOHHOrO0 KOHTPOJ ST, TAKMX KaK KOHTaKTHa s
uzonguus [5], B OTHOIIEHUU MAllUEHTOB, KOJIO-
HU3upoBaHHBIX MMAP, 1 BbIOOpa COOTBETCTBY-
olleil Tepanuu, HeoOXoAuMoO obcieaoBaHUE Ta-
LIMeHTOB Ha HocuteilbcTBO MMAP. Hame uccie-
JNIOBaHHWE I0Ka3aJio, YTO BEAYILIUM pe3epByapoM
ANMUAEMUOJIOTUYECKY U KJIMHUYECKU 3HAUYMMBbIX
IITAMMOB SIBJISIETCSI KUIIIEYHUK MAallMEHTOB, a KO-
JIOHU3ALIU S SIBJISIETCS 3HAYUMBIM (paKTOPOM puUcC-
Ka BO3HMKHOBEHMSI KJIMHUYECKH BbIPaXKEHHBIX
dopM MHPeKUUit. DTO TUKTYeT HEOOXOAUMOCTh
€XEeHeeTbHOro 00CciefOBaHUSI Ha HOCUTEIbCTBO
JTaHHBIX MWKPOOPraHM3MOB B KHUIIEUHMKE IIa-
nueHToB. Hlupokass KoHTaMMHaALMsI OOBEKTOB
BHEIIHE cpeabl MOKa3blBaeT HEOOXOAUMOCTD CO-
BEPILICHCTBOBAHUS TUTHEHUYECKOTO OOy4YeHUS
nepcoHaja M MOCeTUTeNeil, a TakxXe ne3uHGeK-
MU TaHHBIX 0ObEKTOB.
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BbiBOAbI CTBEHHOH, TpeOyeT BHEAPEHUS NPOCHEKTUMBHOIO

3MMUIEMHOJIOTUYECKOTO HaOIIONeHUsT U MUKPO-

Bricokag yacToTa WH(MEKIMOHHBIX OCJIOXHE-  OWOJIOTMYECKOTO MOHUTOPMHIa B OTAEJIEHUSAX

HUIA, BBI3BAHHBIX IIMPOKHUM CHeKTpoM MHUKpo-  TKM mis cBoeBpeMEHHOIO NPUHATUS IPOTUBO-

OPraHW3MOB C PAa3JIUYHLIM MPOMPUIEM aHTUOMO-  3MUJEMHUYECKMX MEP U BbIOOpa pallMOHaJIbHOM
TUKOPE3UCTEHTHOCTU, B TOM YHCJIE CO MHOXE-  TepanuH.
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BMN4-ACCOLUNPOBAHHBIE SABOJIEBAHUA

B CTPYKTYPE OHKOIrMHEKOJ1I0rM4YECKOMW
NATOJIOrMN N UHOEKLU WA, NEPEAABAEMBbIX
NoJioBbiM NYTEM, B MOCKBE U B POCCUN

H.N. Bpuxo!, I1./1. Jlonyxos', A.JI. Kanpun?, E.I'. HoBukosa?, O./. TpymmunaZ,
A.A. Xanmunr?®, O.B. XKykosa?®, /I.P. UcaeBa’, A.1. Ckopuona?

T@IAOY BO Ilepsuiii Mockosckuii eocyoapecmeennbiii meouyunckuil yuusepcumem um. M.M. Ceuenosa Munzopasa Poccuu,
Mockea, Poccus

2 Mockoeckuii HayuHo-uccaedogamenvckuil onkonroeueckut uncmumym umenu I1.A. Tepuena, Mockea, Poccus

II'BY3 Mockoeckuii HayuHO-npaKmu4ecKuil yeHmp 0epmamoseHeposo2uu u Kocmemono2uu Jenapmamenma
30pasooxparnenues Mockewvt, Mockea, Poccus

Pesiome. K rpymnrne oHKOrMmHEKOJIOrnYecKuX 3a001€BaHUI OTHOCATCS 3710Ka4YeCTBEHHbIE HOBOOOPA30BaHUS TeJla MaT-
KU, SMYHUKOB, IIEHKY MAaTKU, BYJIbBBI U BJIarajJuila (B BOSHUKHOBEHUU TPEX MOCIETHUX YCTAHOBJIEHA BeAyIlas poJib
BITY). Cpenu obmmpHoii Tpymsl nHGEKIINHI, epenaBaeMbix monoBbiM mytem (UTITIIT), opuiimanbHoil peructpanun
B Poccuu nmopyiexar cuduiiuc, roHopest, TPUXOMOHO3, XJIAMUIMO3, YPOT€HUTAJIbHbBINA Teprec U aHOTEHUTaIbHbIe 00-
ponasku (AB). BosuukHoBeHue Ab B 95—100% cnyuaes obyciobiaeHo BITY 6 u 11 tumnos. Lleas paboThl: onpenenaeHue
MecTa BITU-accouunpoBaHHbIX 3a00eBaHUH (paKa 1meiiku MaTku U AB) B CTpYKType OHKOTMHEKOJIOTMYECKOM MaTo-
soruu v UIITIIT Ha poTsXeHnU MOCIeAHUX JIET Ha TeppuTopruu MOCKBBI, cpaBHeHUE C cuTyalueit mo PO B 1ieom.
Mamepuanst u memods. AHATN3Y TIOABEPTHYTHI PETUCTPHI O(UIIMATBHON PETUCTPAITMHN 320071€BAEMOCTH U CMEPTHOCTHU
OT paKa Tejla MaTKH, SMYHUKOB, IIIEKM MaTKHU, BYJIbBHI 1 BiIarajiuiia B 1esoM mo P® n Mockse 3a 2007—2015 rr., a Tak-
xe 3aboneBaemoctu UIIIIII (Bkitouas cuduiiuc, roHOPeo, TPUXOMOHO3, XJIAMUIMO3, YPOT€eHUTAIbHBIN reprec U AB)
o PO u Mockse 3a 2003—2015 T. Pe3yavmamet. 3a aHaTM3UPyeMblii Ieproz 10Jist paka meliku MaTku (PILIM) B cTpyx-
Type 3200J1€BAeMOCTY OHKOTMHEKOJIOTMYECKUMU HOBOOOPA30BAHUSMU HaceleHUsT MOCKBBI COCTaBIISIa B CPENHEM
23,7%, B CTPYKType CMEPTHOCTH OT JaHHBIX 3a00jeBaHuil — 24,1%; 1o P® aHaJornuHbIe TIOKa3aTe Il COCTaBUIM 29,8
n 28,3% cootBeTcTBeHHO. lo1s1 AB B cTpykType UITIIII (11151 060ux 1mojioB) Ha Tepputoprt MockBbl Beipocia ¢ 11,5%
B 2003 1. 1o 25,7% B 2015 1. (MakcumyMm coctaisia 31,0% B 2014 1.). Hau6ombmias nons Ab cpenn UITTIIT otmevaeTcs
B BO3pacTHbIX rpynmnax: 15—17 net (mo 59,8% B 2012 1.) u 18—29 net (10 37,3% B 2014 1.). [To P® B 2015 1. Ha AB puxo-
nuiock 11,7% ot Beex UIITIIT (mast o6oux mojioB). 3akarwuenue. BITU-acconmmnpoBantbie 3a6oieBanust (PLLIM u AB)
3aHUMAIOT CYIIECTBEHHOE MECTO B CTPYKTYpe KaK OHKOTMHEKOJOTMUecKuX HoBooOpasoBanuii, Tak u UIIIIIIL. TTpu-
yeMm B cTpykType MIIIIIT no Mockse AB nmepemectuiiuck ¢ 5-ro (8 2003 r.) Ha 1-e (B 2015 1.) paHTOBOE MecTO, 00OM IS
cuduInc, TOHOPEID, TPUXOMOHO3 U XJIaMUAN03. YIYUYIIEHUE CUTYallud C OHKOTMHEKOJIOTUYECKUMU 3a00IeBaHUSIMU
u UTIIIIIT moxeT ObITh JOCTUTHYTO 3a cueT 3 ek TUBHBIX Mep npobunakTuku BITU-undexuuu.
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HPV-ASSOCIATED DISEASES IN THE STRUCTURE OF FEMALE REPRODUCTIVE TRACT TUMORS
AND SEXUALLY TRANSMITTED INFECTIONS IN MOSCOW AND RUSSIA

Briko N.I.2, Lopukhov P.D., Kaprin A.D.?, Novikova E.G.", Trushina O.1.*, Khaldin A.A.c, Zhukova O.V.¢,

Isaeva D.R.¢, Skvortsova A.l.©

@ Sechenov University, Moscow, Russian Federation

b P. Herzen Moscow Oncology Research Institute, Moscow, Russian Federation
¢ Moscow Research and Practical Center of Dermatology, Venereology and Cosmetology (MRPCDVC), Moscow, Russian Federation

Abstract. The group of female reproductive tract tumors includes cancers of corpus uteri, ovary, cervix, vulva and vagina
(the last three are associated with HPV). Among the large group of sexually transmitted infections (STIs) there are only six
infections, which subject to registration in the official statistical data in Russia: syphilis, gonorrhea, trichomoniasis, chla-
mydia, urogenital herpes and anogenital warts (AGWSs). Occurrence of AGWs in 95—100% of cases caused by HPV types
6 and 11. Objectives: our aim was to determine the prevalence of HPV-associated diseases (cervical cancer and anogenital
warts) in the structure of female reproductive tract tumors and STIs in recent years in Moscow, and to compare it with
the prevalence in population of Russia. Methods: we analyzed retrospective data with diagnostic codes related to cancers
of corpus uteri, ovary, cervix, vulva and vagina from the official statistic of cancer register using incidence and mortality
rates between January 2007 and December 2015 in Russia and Moscow. We also analyzed retrospective data of STIs (incl.
syphilis, gonorrhea, trichomoniasis, chlamydia, urogenital herpes and AGWSs) incidence rates between January 2003 and
December 2015. Results: average rate of cervical cancer incidence among the female reproductive tract tumors accounted
for 23.7% in Moscow (29.8% in Russia). Average rate of cervical cancer mortality among the female reproductive tract
tumors accounted for 24.1% in Moscow (28.3% in Russia). The rate of AGWs in the STIs structure (for both sexes) in Mos-
cow increased from 11.5% in 2003 to 25.7% in 2015 (the maximum was 31.0% in 2014). The highest rate of AGWs was de-
tected in the age group 15—17 years (up to 59.8% in 2012), followed by 18—29 years (up to 37.3% in 2014). The rate of AGWs
was 11.7% among all STIs (in both sexes) in Russia in 2015. Conclusion: HPV-associated diseases (cervical cancer and
AGWs) take up a significant place in the structure of female reproductive tract tumors and STIs. And in the structure
of the STI for Moscow, AGWs moved from the 5" (in 2003) to the 1% (in 2015) ranked place, surpassing syphilis, gonor-
rhea, trichomoniasis and chlamydia. The effective prevention of HPV-infection would be able to improve the situation.

Key words: HPYV, cervical cancer, anogenital warts, sexually transmitted infections, incidence, mortality.

BeepgeHue

WNubunmpoBaHne BUPYCOM ITAITAIJIOMBI UeJIO-
Beka (BITY) cBs3bIBalOT ¢ pa3BUTHEM paka LIei-
K1 MaTKH, TTOJIOBOTO 4JjieHa, BYJIbBBI, Bjlarajuiia,
aHaJIbHOI'O KaHaja, rojoBsl U mieu [17, 18]. [Tomumo
3JI0Ka4€CTBEHHBIX HOBOOOPAa30BaHUI TeHUTAIbHAS
BITYU-uHdexuus sSABASIETCS 3TUOJOTMUYECKUM areH-
TOM TP BO3HWKHOBEHUW aHOTEHUTAJIBHBIX OOPO-
naBok (AB) um mamuaioMaro3a ropTaHu, KOTOpbIe
JIOCTOBEPHO cBs13aHbI ¢ 6 1 11 Tunmamu BITY [10, 11].

K rpynme OHKOTMHEKOJIOTMYECKUX 3aboJieBa-
HUI OTHOCSATCS 3JIOKAaYeCTBEHHbIE HOBOOOpa30Ba-
HUS TeJla MAaTKU, SUIHUKOB, IIIEKW MaTKW, BYJTbBBI
M Biaraauiia (B BOSBHUKHOBEHUU TpeX IMOCIESAHUX
yctaHoBJieHa Beaymas poiab BITY). Ponbs napun-
poBaHus xeHuMH BITY B BO3HMKHOBEHMUM paka
meiku matku (PIIIM) Oblna moka3aHa B psiae SIu-
JIEMUOJIOTUYECKUX U MOJIEKYJISIPHO-TEHETUIECKUX
nccaepoBanuii. JIHK BITY pa3dnuyHbIX TUIIOB ObLIa
obHapyxeHa B 99,7% ciy4aeB ILIOCKOKJIETOYHOIO
paka u ageHoKapuuHOMBbI [14—16]. I1pu pake u nipea-
pakoBbIx nopaxeHusx Baaraauina JJTHK BITY 06-
Hapy>XuBaeTcsl B OOJIbIIMHCTBE ciydyaeB. CorjacHO
MOCJIEIHUM JaHHBIM, OT 64 1o 91% cnydyaeB Baru-
HajabpHOro paka 1 ot 82 no 100% BarmHajabHON WH-
TpasnuTearajbHol Heomnna3uu 3 crenenu (ValN 3)
aBisiioTcs nojoxxuteabHbiMu Ha JIHK BITY. Tlo-
psaka 40—50% ciiydaeB paka BYJIbBbI TaKXe acco-
nuupoBaHsl ¢ BITY [10, 12, 13].

AHamm3 3a00J€Ba€MOCTH SIBIISICTCSI HEOTHEM-
JIeMOW YacThlO SMUAEMHUOJOrMYECKOro Haazopa
M UTpaeT BaXXHYIO POJib B IJIAHUPOBAHUMU U yCO-
BEPIIIEHCTBOBAHUY Mep 10 ITPoUIaKTUKE KaK WH-
(EeKIMOHHBIX, TaK U HEMH(PEKLIMOHHBIX OOJIe3HE.
B 2012 r. B Mmupe 3apeructpupoBaHo 528 000 HOBBIX
canyyaeB PILIIM (yeTBepThlii MO 4yacTOoTe BCTpeva-
€MOCTHU BUJ paKa Cpeau XKeHIIMH) u 266 000 cmep-
Tel OT ATOro 3a00jeBaHUS (TaKKe YETBEPTOE MECTO
cpeny 3J0KauyeCTBEHHBIX HOBOOOpa3oBaHUM, MO-
BJIEKIIUX 3a co00i cmepTh). [lokazarenn 3abosieBa-
emocTu PIIIM cuiibHO BapbUpPYET B pa3HbIX CTpaHAX
¥ 3aBUICUT OT YPOBHS Pa3BUTUSI SKOHOMUKU U 3Ipa-
BooxpaHeHus. Tak, PILIM gaBasieTcst Hamboiee pac-
NpOoCTpaHEHHBIM BHJIOM paka B 38 u3 184 crpan
MHpa U B 45 cTpaHax — Bemyllel MpUINHON cMep-
TU. 310 cTpaHbl Adpuku (K rory oT Caxapsl), A3uu,
a takxe LlenTpanbHoii u KOxHoit AMepuku. Hau-
MCHBIIINE MOKa3aTeJn 3a00JIeBaeMOCTH OTMEJaloT-
ca B 3ananHoit EBpornie, CeBepHoii AMepuke, ABCT-
panuu, HoBoit 3emanauu u ctpaHax BocTtouHoro
CpenunzemHoOMOpbs1. 3a nocaegHue 30 JIeT BO MHOTHX
cTtpaHax 3abojeBaemocTtb PIIIM cHu3unaachk, 4TO
CBSI3aHO C TTOBBIILIEHWEM YPOBHS XKM3HU HaceJIeHU S,
a B HEKOTOPBIX CTpaHaX — ¢ BHeApeHueM 3(pheKTUB-
HOI1 CUCTeMBI BTOPUYHOI MpoduiakTuku. B To ke
BpeMs B psijie cTpaH BocTtouHoit EBporibl v ObIBIIEroO
CCCP ormeuaetcs pocT 3adboneBaemoctu PIIIM [19].

Cpenu oOLIMPHOI IpyNnbl MHMEKI M, niepeaa-
BaeMbIX moJioBeIM T1yTeM (MIIIIIT), opunmanbpHOM
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peructpauuu B Poccun moajiexxaT cuduiainc, roHo-
pest, TPUXOMOHO3, XJIaMUA103, YPOTeHUTaJIbHBIN rep-
Tec M aHOTeHUTaIbHBIC 0oponaBKu (AB).

Llenbto maHHOU pabOThI SIBASIETCS OMNpeaese-
Hue Mecta BITY-accoumupoBaHHBIX 3a00JieBaHUIA
(PIIIM u AB) B cTpyKType OHKOTMHEKOJIOT MUSCKOM
narojiorun u UIITIIT Ha npoTsSkKeHUU NOCASTHUX
JIET Ha TeppUTOPUU MOCKBBI B CPaBHEHUU C CUTYya-
nueii mo Poccuiickoit @enepannn (PD) B m1eoMm.

Matepuanbl 1 METOLbI

3noxkauecmeennvle Hosoobpaszosanus. B pabote
WCIIOJIb30BaHbl TaHHEIC, MPUBEICHHBIC B €XETOolI-
HBIX COOpHUMKAaX «3JI0KayeCTBEHHbIe HOBOOOpa30Ba-
HHUs B Poccum» [1—9], B KOTOPBIX IPpUBOTUTCS aHa-
JIN3 DAaHHBIX TOCYTapCTBEHHOUM METUIIMHCKON CTa-
TUCTUKMU 10 popMe Ne 7 «CBeaeHM s 0 3a007eBaHUSIX
3JI0Ka4eCTBEHHBIMH HOBOOOPA30BaHUSIMI», a TAKKE
WCIIOJIb3YI0TCs faHHbIe PoccTaTa o pacripenesieHun
YMEPIIUX OT 3J0KaYeCTBEHHBIX HOBOOOpPa30BaHU
0 TI0JTy 1 Bo3pacty (hopma Ne 5) 1 cpeamHEeromoBom
YUCJICHHOCTH HACEeJICHUS aAMUHUCTPATUBHBIX TEP-
putopuii Poccuu 3a paccMaTtpuBaeMble roja.

Takxxe B paboTe MUCHOJIb30BAIU JaHHBIE T10 3a-
00JIeBaEMOCTU U CMEPTHOCTU OT paka ByJbBbI (C51,
MKB-10), raranuma (C52, MKb-10), meitku Mmat-
ku (C53, MKB-10), tenra matku (C54, MKBbB-10),
snyHuKoB (C56, MKB-10) B MockBe u B PD 3a mie-
puon ¢ suBaps 2007 r. mo gekabpp 2015 1.

Jlast pacyeTa cTaHIApTU30BaHHBIX TTOoKa3aTesei
3a00JIEBa€MOCTH M CMEPTHOCTHU HCITOJIb30BaH MU-
pPOBOIi CTaHAApPT BO3PACTHOTO pacrpencicHusT Ha-
CeJICHMUSI.

Anocenmuanvusle (8eHepuueckue) 0OOpPoOOABKU.
s aHanu3a 3a06071€BaéMOCTU aHOTE€HUTATbHBIMU
(BeHepuueckumu) dopomaBkamu (A63.0, MKB-10)
B Poccmiickoit ®egepanny n B MOCKBE UCITOIB30-
BaJIMCh JaHHBIe [OocymapCTBEeHHOM MEIMIITMHCKOU
ctaTuCTUKU U3 popmbl Ne 9 «CBeneHus o 3abose-
BaHUU WHOEKUUSIMHU, TepeIaBacMbIMU TTOJIOBBIM
MYyTEM, ¥ 3apa3HBIMU KOXXHBIMH O0JIE3HSIMMI», B KO-
TOPYIO TOMUMO aHOT€HUTAJbHbBIX (BEHEPUUYECKUX)
0OpOmaBOK M3 TPYIITHI MHPEKIINA, IeperaBacMbIX
MOJIOBBIM ITyTE€M, TaK>Ke BKJIIOUeHbI: cuduanc (AS50-
AS53, MKB-10), roHopes (A54.0-A54.9, MKBb-10),
TpuxomMoHO3 (A59.0, A59.8, A59.9, MKBbB-10), xna-
muano3 (A56.0-A56.4, A56.8, MKb-10), yporeHu-
TajdbHbI reprnec (A60.0, A60.1, A60.9, MKB-10).
Hcnonb30BaHbI CpeaHETOM0BbIC JaHHBIC O YMCJICH-
HOCTHU HacejieHust MockBbl 1 Poccuu 3a aHaiu3u-
pyemblit iepuon. [lokazarenu cTaHIapTU3UPOBAHbI
10 TIOJTY ¥ BO3pacTy.

Pesynbrathl

YpoBHu 3a601eBaeMOCTH pakoM

Pax wetiku mamku. Bcero ¢ 2007 no 2015 rr.
B MockBe 3apeructpupoBaHo 7821 HOBBIX ciyda-
eB PLLIM, 3a roa B cpeaHeM perucTpupoBaioch 869

ciydaeB. B P® 3a maHHBII TTIepro/1 3aperucTprupoBa-
HO 134 448 HoBbiX ciyyaeB PILIM (B cpennem 14 939
B TOI).

CraHaapTU30BaHHbIE TOKa3aTeJ1 3a00/1eBacMO-
ctu PIIIM B Mockse ¢ 2007 o 2015 rr. coctaBis-
am ot 8,0 1o 10,3 Ha 100 000 >keHCKOrO HaceneHus,
B cpeaHeM 9,2 ciydas Ha 100 000. [To P®D B ueom
CTaHIApTU3NPOBAHHBIC ITOKAa3aTeIW BapbUpPOBa-
auck oT 12,5 mo 15,0 za 100 000 XXeHIWH, B CpeTHEM
13,7 1a 100 000 (puc. 1A).

Pax meaa mamku. C 2007 no 2015 rr. B MockBe
3apeructTpupoBaHo 15474 HOBBIX cilyuyaeB paka
TeJda MaTKW, 3a rofl B CPEIHEM PErMCTPUPOBAJIOCH
1719 cnyuyaeB. B P® 3a maHHbBIN Tilepuona 3aperu-
cTpupoBaHoO 188 827 HOBBIX ClyUaeB paka Tejga MaT-
Kku (B cpeaHem 20 981 B ron).

CraHgapTu3oBaHHbIE TOKa3aTteau 3aboseBae-
MOCTHU pakoM Tejia MaTku B MockBe ¢ 2007 1o 2015 rr.
cocrasiisuin ot 14,2 no 16,6 Ha 100 000 skeHCKOro Ha-
ceneHust, B cpeaHeM 15,7 caydas Ha 100 000. ITo PD
B 1I€JIOM CTaHIapTU3MPOBAaHHBIC OKA3aTeIN BapbH-
poBaJinch ot 14,8 no 17,6 va 100 000 xXeHIMH, B CpeI-
HeM 16,1 Ha 100 000 (puc. 1B).

Pax eyavewi. 1o 2011 r. B Poccum pak Bysb-
Bbl CTaTUCTUYECKOMY yueTy He momJiiexan. C 2011
o 2015 rr. B MockBe 3aperucTprupoBaHoO 726 HOBBIX
cJIydyaeB paka BYJIbBbI, 3a IO/l B CPEIHEM PETUCTPU-
poBajiochk 145 cirygaeB. B P® 3a gaHHbIM eprosn 3a-
peructpupoBaHo 9129 HOBBIX cllyyaeB paka BYJIbBbI
(B cpenHem 1826 B rom).

CraHaapTU30BaHHbIE TOKa3aTe 1 3a00J1eBacMO-
CcTU pakoM ByJbBEI B MockBe ¢ 2011 o 2015 rr. co-
craBasan ot 0,88 mo 1,02 Ha 100 000 >xeHCKOTO Ha-
ceneHus, B cpenaeM 0,94 caydas Ha 100 000. ITo P®
B ICJIOM CTaHIapTU3UPOBAHHBIC IMOKAa3aTeJIUd Ba-
peupoBanuck ot 1,06 1o 1,10 Ha 100 000 XeHIIMH,
B cpenHeMm 1,07 va 100 000 (puc. 1B).

Pax enaearuwa. Jo 2011 1., Kak U pakK BYJbBBHI,
pak Biarajauiia B Poccuy CTaTUCTUYECKOMY YUYeTy
He nomexas. C 2011 mo 2015 rr. B MockBe 3aperu-
cTpupoBaHO 138 HOBBIX CilyyaeB paka BJIarajauliia,
3a TON B CPEIHEM pEervMcTpUpoBalioch 28 ciydaes.
B P® 3a nanHB1i iepros 3aperucTpupoBaHo 2195 Ho-
BBIX CIyYaeB paka Biiaraiauiia (B cpeaHeM 439 B rom).

CraHaapTU30BaHHbIC TOKa3aTeJ 1 3a00J1eBacMO-
cTU pakoM Biaranuina B Mockse ¢ 2011 o 2015 rr.
coctaBasan ot 0,14 1o 0,35 Ha 100 000 xxeHCcKOro Ha-
cesienus, B cpeaHeM 0,21 ciryyas za 100 000. ITo PO
B ICJIOM CTaHOAapTU3UPOBAaHHBIC IMOKAa3aTeJIUd Ba-
peupoBaick ot 0,30 go 0,34 ma 100 000 XeHIIUH,
B cpeaneM 0,31 na 100 000 (puc. 1T).

Pak auunuxos. C 2007 no 2015 rr. B MockBe 3a-
peructpupoBaHo 9415 HOBBIX CllyyaeB paka SUUHU-
KOB, 3a T'Oll B CpeTHeM peructpuponajiock 1046 ciry-
yaeB. B P® 3a maHHBIN nieprof 3aperucTpupoBaHO
118 146 HOBBIX CIy4YaeB paKa SMIHUKOB (B CpeaHEM
13 127 B ron).

CraHaapTU30BaHHbIC TOKa3aTe 1 3a00J1eBacMO-
cTu IMIYHUKOB B MockBe ¢ 2007 mmo 2015 rT. cocTaB-
agnn ot 8,2 mo 11,7 1Ha 100 000 xxeHCKOTro HaceneHu s,
B cpenHeM 9,9 ciayuas Ha 100 000. ITo P®D B memom
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CTaHIApTU3MpPOBAHHBIC ITOKa3aTeJM BapbUpOBa-
muck ot 10,7 mo 11,0 #a 100 000 XeHIIWH, B cpeTHEM
10,8 za 100 000 (puc. 11).

CMepTHOCTb OT paka

Pax weiiku mamku. Bcero ¢ 2007 mo 2015 rr.
B MockBe 3apeructpupoBaHo 4136 ciyyaeB cMepTHU
ot PIIIM, 3a rox B cpeaHeM peructTpuponajioch 460
cinyyaeB. B PD 3a maHHEBII eproa 3aperncTpupoBa-
HO 56 865 cinyuaeB cmeptu oT PILIM (B cpenHem 6318
BTOI).

Pak werikn matkm / Cervical cancer
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CraHIapTU3UPOBAaHHBIC MTOKA3aTEJIN CMEPTHOC-
1 ot PIIIM c 2007 mo 2015 rr. B MockBe cocTaB-
asu oT 3,9 no 4,7 va 100 000 >xeHCKOro HaceJieHus,
B cpeadem 4,2 na 100 000. B P® — or 5,0 1o 5.4
Ha 100 000 (5,2 B cpemHeM) (puc. 2A).

Pax meaa mamku. C 2007 mo 2015 rr. B MockBe
3apeructpupoBaHo 4922 ciay4yaeB cCMepTU OT paka
Tejla MaTKu, 3a TOJ B CPEIHEM PETMCTPUPOBAJIOCH
547 cnyyaeB. B P® 3a naHHBI# TTeprOJI 3aperucTpu-
poBaHoO 58 614 ciryyaeB cMepTH OT paKa TeJla MaTKH
(B cpenHem 6513 B ron).
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Pak anyHmkoB / Ovarian cancer
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Ha 100 000 xeHckoro HaceneHus
per 100 000 of women
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PucyHok 1. CtaHgapTu3MpoBaHHble Noka3artenu 3adonesaemoctu B Mockee u B P® 3a 2007-2015 rr.
Figure 1. Age-standardized incidence rates in Moscow and in Russia 2007-2015

MpumevaHus. A. 3a6oneBaeMoCTb pakoMm Wweiky matku. b. 3abonesaemMocTs pakom Tena maTku. B. 3a6oneBaeMocTb pakom
ByNbBbI. . 3a6oneBaeMocTs pakom Bnaranmwa. 1. 3a6oneBaeMocTb pakom SUHHUKOB.

Notes. A. Cervical cancer incidence rates. B. Cancer of corpus uteri incidence rates. C. Vulvar cancer incidence rates. D. Vaginal

cancer incidence rates. E. Ovarian cancer incidence rates.
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CraHmapTU3UpOBaHHBIE MOKa3aTean CMEpPTHO-
cTu oT paka Tesa MaTku ¢ 2007 o 2015 rr. B MockBe
coctaBiasau ot 3,7 1o 4,3 Ha 100 000 xeHCKOTO Ha-
ceneHusd, B cpeaHeM 4,0 xva 100 000. B P — o1 4,2
1o 4,5#Ha 100 000 (4,3 B cpenrem) (puc. 2b).

Pax suunukos. C 2007 o 2015 rr. B MoCcKBe 3a-
perucTpupoBaHo 6835 ciayyaeB cMepTH OT paka
SIMYHUKOB, 3a TOI B CPEIHEM PEeTUCTPUPOBAJIOCH
759 cnyvaeB. B P® 3a naHHBII TTIeprOJI 3aperucCTpr-
poBaHO 69 264 ciay4yaeB CMEpPTHU OT paKa SIMYHUKOB
(B cpemHeM 7696 B rom).

CraHoapTU3MpPOBaHHBIC ITOKa3aTeId CMEPTHO-
¢ty oT paka SndHuKoB ¢ 2007 mo 2015 rr. B MockBe
cocTtasasan ot 5,3 go 7,0 Ha 100 000 keHCKOTO Ha-
cenenust, B cpeaHem 6,1 va 100 000. B P® — or 5,3
1o 5,8 Ha 100 000 (5,6 B cpenHeM) (puc. 2B).

Pak dpyeux ycenckux nososvix opeanos (C51, 52,
57—58). C 2007 o 2015 rr. B MoCKBe 3aperucTpupo-
BaHO 1245 cnydaeB cMEpPTU OT paKa BYJbBbI, Bjiara-
JIVILIA, TUIALEHTBI M JPYTUX )KEHCKN X MTOJIOBBIX Opra-
HOB, 3a I'OJl B CPeAHEM PETUCTPUPOBaioch 7138 ciy-
qaeB. B P® 3a maHHEBII TIepron 3aperucTprupoBaHO
15 512 cnyyaeB cMepTH OT paka JaHHOW JioKaJin3a-
uuu (B cpeaHeM 1724 B ron).

CraHmapTU3UpOBaHHBIE MOKa3aTeau CMEpPTHO-
CTU OT pakKa BYJIbBBI, Bjarajulia, MjaaleHTbl U Apy-

Pak werkn matkun
Cervical cancer
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Ovarian cancer

e NUEPU—

N W L= [} (2] ~ o
!

Ha 100 000 xeHCKOro HaceneHus
per 100 000 of women
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TUX XXEHCKUX ToJIOBbIX opraHoB ¢ 2007 mo 2015 rr.
B Mockse coctaiisiin ot 0,7 no 1,2 Ha 100 000 xeHc-
Koro HaceneHus, B cpexaeM 0,9 Ha 100 000. B PD —
ot 1,0 mo 1,1 va 100 000 (1,0 B cpennem) (puc. 2T').

AHoreHuTanbHble 60poAaBKU

B Poccniickoii @emepaliny moka3arteiab 3a00Jie-
BaeMocTu ADb (B 11e710M, BKJTIOYas AeTei U MOAPOCT-
koB) B 2003—2015 rr. BapbupoBai ot 21,6 mo 34,7
Ha 100000 nacenenuss (B cpeagHem 30,6). B mo-
clemHue 5 JIeT OTMeJaeTcsl CHUXKCHHE 3aboJjieBac-
MOCTU C MUHUMaJIbHBIM 3HaueHueM B 2015 1. (21,6
Ha 100 000 HacemeHms). B MoCKBe aHAJIOTMYHBIN
nokKasareab cocTaBisii oT 56,3 mo 22,8 na 100 000,
B cpenHeM — 41,8, MuHuMAaJIbHOE €ro 3Ha4yeHUe
(22,8) Takxe ObL10 OTMedeHO B 2015 T.

HecMmotpst Ha cHuxeHue 3a001€Ba€MOCTH,
nonst Ab B ctpykrype UIIIIII (mi1st o6oux 1oJioB)
Ha TeppuTopruu MockBbl Beipocia ¢ 11,5% B 2003 r.
o 25,7% B 2015 r. (makcumym coctaBisin 31,0%
B 2014 1.) (puc. 3A-T).

Haubonbumas nonst Ab cpequ UIIIIIT oTrmeua-
eTcd B BO3pacTHBIX rpymmax 15—17 met (mo 59,8%
B 2012 1.) u 18—29 net (mo 37,3% B 2014 1.). [To P®
B 2015 . Ha AB nmpuxoauitock 11,7% ot Bcex UTITITT
(nJ1s1 0GOMX MOJIOB).

Pak Tena marku
Corpus uteri cancer

4,5

N w—w
3,5
3_
2,5
2_
1,5
1_
0,5

Ha 100 000 xeHcKoro HaceneHms
per 100 000 of women

2007 ' 2008 2009 2010 2011 2012 2013 ' 2014 2015

1,4

Pak apyrux XeHCcKmx NooBbIX OPraHoB
Other female reproductive organs cancer
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PucyHok 2. CtaHaapTU3upoBaHHble Nokasatenu cmeptHocTu B Mockee u B PO 3a 2007-2015rr.
Figure 2. Age-standardized mortality rates in Moscow and in Russia 2007-2015
MpumevaHusa. A. CMepTHOCTb OT paka Lwerkun matku. b. CMepTHOCTb OT paka Tenia Matku. B. CMepTHOCTb OT paka SMYHUKOB.

I. CMepTHOCTb OT paka ApYruX XeHCKUX NOJI0BbIX OPraHoB

Notes. A. Cervical cancer mortality rates. B. Cancer of corpus uteri mortality rates. C. Ovarian cancer mortality rates. D. Cancers

of other female genital organs mortality rates
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O6cyxaeHne

B nocnennue necsatuiietusi B PO B 1ieoM ot1-
MeJaeTcsl POCT 3ab0JIeBAEMOCTH U CMEPTHOCTU
or PHIM, oaHako Takasi cuTyallusl XapaKTepHa
He IIJIsSI BCeX PeTMOHOB cTpaHbl. Hammpumep, B Mock-
Be JaHHBIC ITOKA3aTeJINM UMEIOT TEHACHIIUIO K CHU-
KEHMI0, YTO MOXET ObIThb CBSI3aHO C Jyulleil co-
HMaJIbHO-9KOHOMUWYECKOW CHUTyallMeil B CTOJIUILIE,
a Takxke ¢ 0ojiee akTUBHOI paboToOM 10 TTpoduIak-
Tuke PIIIM, B 4acTHOCTH, C CUCTEMOI CKPUHUHTA,
MO3BOJISIONIEH 00HAPYKMBATh MAaTOJOTUUECKIE N3-
MCHEHUSI IIeMKNU MaTKM Ha pAHHUX CTaIUsIX U TIpe-
JIOTBpaIIaTh pa3BUTHE paKa.

3a aHanuszupyemblii nepuon goss PIIIM B cTpyk-
Type 3a00JIeBAEMOCTH OHKOTMHEKOJIOTMUYECKUMU
HOBOOOpa30BaHUSIMM HaceJIeHUsT MOCKBBI COCTaB-
nsina B cpenHeM 23,7%, B CTPYKType CMEPTHOCTH
OT JaHHBIX 3a0oieBaHnii — 24,1%; no P® anano-
TMYHBIE TTOKa3arean cocraBuin 29,8 u 28,3% coor-
BeTrcTBeHHO. [Tomumo PIIIM, Ha KOTOpBIK ITPpUXO-
nuTcs Haubosbliee yucjo BITY-accoummpoBaHHBIX
pPaKoOB Cpeau >KEHCKOrO HacCeJIeHWs, CBOW BKJIA
BHOCSIT TaKXe 3JI0OKa4yeCTBEHHBIE HOBOOOpa30Ba-

My>untbl / Male (2003)

Xnamnanos
Chlamydia
16,2%

lepnec yporeHuTanbHbli
Urogenital herpes
7,7%

TpYXOMOHO3
Trichomoniasis
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[oHopes
Gonorrohea Cudnnmc
33,9% Syphilis

25,2%

XKeHwwmHbl / Female (2003)

lepnec yporeHuTanbHblii
Urogenital herpes

Xnamnanos 9.2%

Chlamydia
25,3%

Ab

AGWs

12,7%
TpuxomoH03 Cudunuc
Trichomoniasis Syphilis

34,9% 13,4%

[oHopes
Gonorrhea

4,5%

HWS BYJIBBEI 1 BJIaraJIdIa, Ha KOTOPBIC IIPUXOIUTCS
nopsiaka 4,5% B cTpyKType 3a001eBaeMOCTH OHKO-
TMHEKOJOTMYeCKMMU HOBOOOPA30BaHUSIMU U CXO-
JKasl JOJsl B CTPYKTYpPEe CMEPTHOCTHU OT JaHHBIX 3a-
OoneBaHuil. JaHHbIe LMMPHI CBUACTEIbCTBYIOT
0 3HauuTenbHOM Bkiane BITY-accouuupoBaHHOI
NaTOJIOTUU B CTPYKTYPY OHKOTMHEKOJOTMYECKOMN
3a00J1IeBAEMOCTHU M CMEPTHOCTU CPEIU XKEHILUH, KO-
TOPBIN COXpaHSIETCS Ha CTAOMJILHO BEICOKOM yPOBHE.
3aboneBaeMocTb AB, OMTHUM M3 caMBIX pacIIpo-
CTpaHEHHBIX 3a00JIeBaHUM, IIepeaaBaeMBIX IIOJIO-
BBIM ITyTeM, B Poccuiickoit @emepannu 1 B MOCK-
Be B MOCJIeAHee ACCATUIICTHE MMECT TEHACHIIUIO
K cHUXXeHu10. OnHaKo rmoKa3aTen 3a001eBaeMOCTHU
OCTalOTCsI Ha IOCTaTOYHO BHICOKOM YPOBHE, OCOOCH-
HO B BO3pacTHoOI rpyrre 18—29 yieT, a oTMeueHHOe
CHMKEHME 3a0071€BaEMOCTH MOXKET BO MHOTOM OBITh
00YCJIOBJICHO HEIOYYeTOM 3HAYMUTEJIbHOIO 4YHCa
cllyyaeB 3a00JIeBaHU I, YTO XapaKTEPHO AJI51 TPY b
UHGEKIMA, TTIepeaarolInXcs MOJOBBIM ITyTEM.

B cTpykTrype UIITIIT no MockBe Ab niepemectu-
auck ¢ 5-ro (B 2003 r.) Ha 1-e (B 2015 r.) paHrosoe
MeCTO, 000iiasa cuduiIrc, ToHOper, TPUXOMOHO3
M XJIAMUAINO3.

My>unHbl / Male (2015)

lepnec yporeHuTanbHbli
Urogenital herpes
12,3%

AGWs
Xnamnanos 19,4%
Chlamydia

23,0%

TpuxomMoHo3
Trichomoniasis
1,6%
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Syphilis
35,5%
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XeHwwHbl / Female (2015)

lepnec yporeHuTanbHbli
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13,9% AB
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TpuxomoHo3 1\/5ps)‘|)/¢l>S
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1,2%

PucyHok 3. U3aMeHeHue Aonu aHoreHUTanbHbIX (BeHepuyecknx) 6opoaasok B cTpykType UMMM B Mockee

(20031 2015 rT.)

Figure 3. Changes in the proportion of AGWSs in the STls structure in Moscow (2003 and 2015)

Mpumeuanus: A. lons Ab cpeam myxckoro Hacenenus B 2003 r. B. Jons Ab cpeam myxckoro HaceneHus B 2015 .
B. Jonst AB cpeau xeHckoro Hacenenus B 2003 . . onst Ab cpeau xxeHckoro HaceneHus B 2015 T.

Notes: A. The proportion among men in 2003. B. The proportion among men in 2015. C. The proportion among women in 2003.

D. The proportion among women in 2015.
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BM4Y-accoummnpoBaHHbie 3aboneBaHns

BITY-accouuupoBaHHbie 3aboneBaHus (PLIM
1 AB) 3aHUMAIOT CYIIECTBEHHOE MECTO B CTPYKTY-
pe KaK OHKOT'MHEKOJOIrMYeCKUX HOBOOOpa30BaHUA,
tak u UIIIIII. Yay4dineHue cuTyaliuu ¢ OHKOTMHE-
KosiornyeckuMu 3adoneBanusgamu u UIIITIT moxert
OBITH IOCTUTHYTO 3a c4YeT 3(P(PEeKTUBHBIX Mep IIPO-
dunaktuku BITY-uHbek1nm, K KOTOPBIM OTHO-
CUTCS CKPUHHUHT ¥ BaKIIMHONpODUIaKTUKA.

K coxaneHwnto, Ha TEKYIIN MOMEHT CKPUHUWHT
B Poccuu HOCUT cKopee ONMMmopTYHUCTUYECKUA Xa-
pakTep, He TpeBbias 30% eHCKOTro HaceJleHMUs.
B cBs3M ¢ 3TUM MMeeTcsl ocTpasi HEOOXOIMMOCTh
B pa3paboTKe IporpaMMbl CKPUHUHTOBOro o0cie-
noBaHUS XeHIMMH Ha BITY-mmatonormnio mo aHajo-

TMU C MporpaMMaMu, BBEIEHHBIMU B TaKUX CTpa-
Hax, Kak ABcTpanusi, Benukooputanus u ap.
HecmoTps Ha To, uto HanumoHanbHBIN Ka-
JeHaapb MPO(PUIAKTUYECKUX NPUBUBOK B PD
B MOCJEeOHHWE TOIbl pacmupuiacs (BKJIIOUYCHA
BaKIMHAIIUSI IIPOTHUB MHEBMOKOKKOBOI MH(MpEK-
nuu, reMopuabHON MHpEKI MU TUna b), oH To-
MpexXHeMy He BKJIouyaeT B ce0s BaKIIMHAIIWIO
npotuB BITU-uHbexkuuu. 3To e1TMHCTBEHHOE €ro
oTanyue oT HanmoHaJibHBIX IpOrpaMM HUMMY-
HU3alMUU OONBIIMHCTBA Pa3BUTHLIX cTpaH. Jlaxe
B pasiesie «I10 SMHUIACMHUYSCKUM ITOKa3aHUSIM»
nanujijJioMaBUpyCHasT MHGEKIUS B KajJeHIape

HCE nMpeacTraBJICHA.
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MOJIEKYNI9PHASA SNMUAEMUOJIOINA
TYBEPKYJIE3A B KAJINHUHIPALLCKOW
OBJIACTU POCCUMU: 10 JIET CINYCTH

A.A. Basosag!, I.M. Axmenosa?, H.C. CoJioBbeBa’, A.A. I'epacumona’, JI.A. Crapkosa',
E.H. Typkun?, B.IO. Kypasaes®, O.B. Hapsckasa'?, V1.B. Mokpoycos'

'"®@BFYH HUHU snudemuonozuu u muxpoouosoeuu umernu Ilacmepa, Cankm-IlemepOype, Poccus
2I'BY3 IIpomusomybepkynesustii oucnancep Karununepaockoii obnacmu, 2. Kaaununepao, Poccus
J@IBY HUHU ¢pmuszuonyrvmonosoeuu Munzopaea Poccuu, Canxm-Ilemep6ype, Poccus

Pesiome. B KanunuHrpanckoit 06JacTu 3a mociaeaHue AeCsTh JIET 3a00J1€BaeMOCTb TyOepKYyJIe30M CyIIeCTBEHHO CHHU-
sunach (¢ 134/100 000 B 2006 1. mo 50,6/100 000 B 2015 1.), 0omHAKO MO-TIPEKHEMY MPEBBIIIAET CPETHU TOKA3aTeNb
o CeBepo-3amagHoMy denepaabHOMY oKpyTy — 40,7/100 000. YunTeIBas yBeITUUeHHE YACTBHOTO Beca IIepBUIHOMN
MHOXECTBEHHOM JleKapcTBeHHOM ycToiunBocT (MJIY) Bo3oynutens ¢ 23,9% B 2010 1. 1o 30,5% B 2015 1., Lejibio Ha-
CTOSILIETO MCCeI0BaH s OblJI aHAIU3 COBPEMEHHON CTPYKTYphl nonyasiuuu Mycobacterium tuberculosis B KaauHuH-
I'paJcKoil 00,1aCTH 1 OlIeHKAa TeHISHIIM I e¢ MU3BMEHEHM S B TPOCTPAaHCTBEHHO-BPEMEHHOM KOHTeKCTe. BbhITo n3yyeHo
73 uzonsara M. tuberculosis, BbIA€JEHHBIX OT BIIEPBbIE BbISIBIEHHbIX O0JIbHBIX TYOepKYye30oM jJerkux B 2015 1. Jlekap-
cTBeHHast ycroiuuBocThb (JIY) BoisiBieHa y 46 (63,0%) mrammoB M. tuberculosis, u3 Hux 32 (43,8%) obnananu Myib-
THPE3UCTEHTHOCTBIO. YCTaHOBJIEHA PUHAIIECKHOCTh K TeHoTuny Beijing 46 (63,0%) u3 73 wrammoB M. tuberculosis.
Hons xnactepa BO/W148 reHoruna Beijing coctaBuna 19,2% (14 u3 73). CionurotTunupoBanue 27 mTaMMOB Non-
Beijing M. tuberculosis m03BONNIIO BBIAEAUTD 15 crionuroTumnon 5 reHeTuueckux cemeiicts — T, LAM, Ural, S, X.
Oxouto onoBuHkI (16; 51,6%) mwraMmmoB non-Beijing ObL1n npeacTasieHbl cionuroTunamu — SI1T42, SIT53, SIT262,
SIT444. B rereporenHoii rpymnme T mpeBaanpoBaiy TPeUMYIIECTBEHHO JIEKAPCTBEHHO YYBCTBUTEIbHbBIE IITAMMBI
cnourotuna SIT53. bosee nonosunb (55,6%) mtammos rednotunia LAM niposiensiiu J1Y. CemeiictBo Ural 66110 Ma-
JIOYUCIeHHO (5,5%) 1 BKJII0UaJio B cebs mTaMMbl M. tuberculosis, CIIOMMTOTHITBI KOTOPBIX XOPOIIIO U3BECTHHI B Poc-
cum — SIT35 u SIT262, Tak 1 011H HOBBIH, paHee He BcTpeuaslruiics. MJIY cTaTucTryecky 3HauMMO Oblia CBSI3aHa
¢ reHorunoM Beijing: 56,5% npotus 25,9% y mraMMoB Ipodnx reHoTunos (cymmapho) (P = 0,0134). TIpu 3ToM Bce
14 mTaMMOB AMUAEMUOJOTUYECKH U KJIMHUUECKU 3Hauumoro kjactepa BO/W148 Oblin MynTbTUPE3UCTEHTHBIMU.
Honsg MJTY mwrtamMoB reHotuia Beijing cyiiecrBeHHO He m3meHusacek: B 2006 . — 61,3%, B 2015 1. — 56,5% (P =
0,6773). OmHaKO pacLIMpPUJIICS CITEKTP JeKapCTBEHHOM YCTOMYMBOCTH K TPOTUBOTYOEPKYJIE3HBIM TIpernapaTam mep-
BOTO psija: eciiu paHee 6onbmuHCTBO (78,9%) MJIY 1mITaMMOB TOMOTHUTEIBHO MPOSIBISIIN YCTONYMBOCTD JIUIIb
K CTPENTOMMIIMHY, TO B HacTosiieM ucciaenoBanuu 72,0% MJIY 1mtaMMoB ObLIM YCTOMYMBBL K CTPEINITOMULIMHY,
sramOyToay 1 nupasuHamuay. Joxs MJTY mrammoB non-Beijing cocraBuiia 25,9%, 4To CyIeCTBEHHO BBIILIE aHAJIO-
ruuHoro nokasarejst 2006 r. — 2,2% (P = 0,0124). CpaBHUTEIbHO MEHbILIAs 101 IITaMMOB reHotuna Beijing (50%)
oOHapyXeHa y OOJBHBIX TYOEpKYIe30M, MPOXUBAIOIINX Ha IMoOepexkbe baaTuiickoro Mopsi, permoHe ¢ OTHOCH-
TeJbHO OJIarOIOYUYHOM COLMaTbHO-9KOHOMUUECKOM CUTYalreil M 00J1ee BRICOKMM Ka4eCTBOM XM3HU HaCeJICHMUSI.
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Takum 00pa3oM, COBPEMEHHYIO MHUIEMUOJOTMYECKYIO CUTYallMIo Mo TybepKysnedy B KannHuHrpaackoii odmactu
KPUTHUYECKU OMpeensieT HapacTatomas uupkynsius MJIY mitaMmMoB reHeTuueckoro cemeiictsa Beijing, a Takxxe
cylecTBeHHoe yBeanueHue 1o MJIY mtaMMoB Ipyrux reHOTUTIOB.

Karouesoie caoea: mybepiynes neekux, moaekyasapuas snudemuonoeus, Kaaununepadckas obaacmo, Mycobacterium tuberculosis,
NeKapcmeeHHas yCmouuugocms, CHOAUOMUnUpoganue, eenomun Beijing.

MOLECULAR EPIDEMIOLOGY OF TUBERCULOSIS IN THE KALININGRAD REGION OF RUSSIA:
10 YEARS AFTER

Vyazovaya A.A.?, Akhmedova G.M.>, Solovieva N.S.¢, Gerasimova A.A.?, Starkova D.A.?, Turkin E.N.b,
Zhuravlev V.Yu.c, Narvskaya O.V.>¢, Mokrousov I.V.?

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

¢ Tuberculosis Dispensary of the Kaliningrad region, Kaliningrad, Russian Federation
¢ Research Institute of Phthisiopulmonology, St. Petersburg, Russian Federation

Abstract. In the Kaliningrad region, the incidence of tuberculosis (TB) has declined significantly over the past decade
(from 134/100 000 in 2006 to 50.6/100 000 in 2015), but still exceeds the average for the North-West Russia (40.7/100 000).
In view of the increase in the proportion of primary multidrug resistance (MDR) of the causative agent from 23.9% in 2010
to 30.5% in 2015, the aim of this study was to analyze the current Mycobacterium tuberculosis population structure in the
Kaliningrad region and to evaluate its spatial-temporal trends. The 73 M. tuberculosis isolates from patients with pulmo-
nary TB newly diagnosed in 2015 were studied. Drug resistance (DR) was detected in 46 (63.0%) M. tuberculosis strains;
of these, 32 (43.8%) were multidrug-resistant (MDR). The 46 (63.0%) of 73 M. tuberculosis strains were of the Beijing geno-
type with 19.2% (14 out of 73) share of the B0/W148 cluster. Spoligotyping of 27 non-Beijing M. tuberculosis strains made
it possible to identify 15 spoligotypes of 5 genetic families — T, LAM, Ural, S, X. About half (16; 51.6%) of non-Beijing
strains were represented by spoligotypes — SIT42, SIT53, SIT262, and SIT444. In a heterogeneous group T, mostly drug-
susceptible strains of spoligotype SIT53 were prevailing. More than half (55.6%) of the LAM genotype strains exhibited
DR. The Ural family was small (5.5%) and included strains of well-known in Russia M. tuberculosis spoligotypes SIT35
and SIT262, and one new, not found previously. MDR was statistically significantly associated with the Beijing genotype:
56.5% versus 25.9% in strains of other genotypes (in total) (P = 0.0134). Moreover, all 14 strains of epidemiologically and
clinically significant BO/W148 cluster were MDR. The proportion of MDR strains of the Beijing genotype did not change
significantly: in 2006 it was 61.3%, in 2015 — 56.5% (P = 0.6773). However, the spectrum of drug resistance to first-line
anti-TB drugs expanded. If previously the majority (78.9%) of MDR strains additionally exhibited resistance to strep-
tomycin only, in present study 72.0% of MDR strains were resistant to streptomycin, ethambutol, and pyrazinamide.
The proportion of MDR strains of non-Beijing genotypes was 25.9%, a significantly higher than the similar indicators
in 2006 — 2.2% (P = 0.0124). A relatively smaller proportion of strains of the Beijing genotype (50%) was found in TB
patients from the shores of the Baltic Sea, a territory with a relatively more favorable socio-economic situation and a higher
standard of living. Thus, the current epidemiological situation of TB in the Kaliningrad region is crucially determined by
the growing circulation of MDR Beijing family strains, as well as a significant increase in the proportion of MDR strains
of other genotypes.

Key words: pulmonary tuberculosis, molecular epidemiology, Kaliningrad region, Mycobacterium tuberculosis, drug resistance,
spoligotyping, Beijing genotype.

BeepgeHue

Tyo6epkynes (Th) octaeTcst onHOI U3 OCHOBHBIX
npobiemMm 3apaBooxpaHeHus. B EBporeiickoMm pe-
ruoHe BO3 B 2015 r. ObILJIO 3aperucTpupoOBaHO OKO-
710 323 000 HoBbIX cnyuaeB 1 32 000 cmepTeii ot Th,
B OCHOBHOM, B cTpaHax BocTouHoii (B TOM 4ucie
u Poccun) u LlenTpanbHoit EBporibl, T1e, Mo olieH-
kaM BO3, Obl1 BBISIBJICH OAMH U3 MATHU ClIyyaeB
TyOepKyJje3a C MHOXECTBEHHOM JieKapCTBEHHOI
ycroiiuuBocthio (MJIVY-TB) (http://www.euro.who.
int/tb). Ilpu stom monu MIIY-TB cpenu BnepBbie
BBISIBJICHHBIX M paHee JICUCHHBIX OOJIbHBIX COCTa-
Buin 16 u48% coorBeTcTBeHHO. B ciucok 18 cTpan
EBporsl ¢ BeicokuM OpemeHemM MJIY-Th, nomumo

Poccniickoit ®enepanuu (PP), Bxonsat bemapycs,
VYkpauna, JlatBust, Dcronus, Jiurea (http://www.
euro.who.int/tb).

KanuuuHrpajackas o61acTh SIBISIETCS Ieorpa-
(bryecky yHUKAJIbHBIM PETMOHOM, TaK KaK 3TO ca-
Masi3araHasi TEpPUTOPHUS 1 IToJ1yaKcKaaB Poccuu,
OKPYKE€HHbI BanTuiicKkumM MOpeM U CyXOIYTHbI-
MM TpaHHIaMU: Ha fore — ¢ [lombleii, a Ha ceBepe
u BocTokKe — ¢ JlurBoii. KanuHuHrpanm siBisieTCst
BTOPBIM I10 YKMCJAEHHOCTU HacejeHUs (IepBbIid —
Cankrt-IleTepoypr) ropomom CeBepo-3amagHoro
peruoHa P® u ogHUM U3 1IECTU OCHOBHBIX LIEH-
TPOB BHYTPEHHEr0 MUIPALIMOHHOTO MPUTSIKEHUS
B Poccum 3a mociennne nBa mecsaruiaetus (http://
demoscope.ru/weekly/2014/0595/demoscopes95.
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pdf). B ueHntpanbHoii yactu KajguHUHIpaacKoi
00JTaCT HaXOMUTCS TepecedeHUe IBYX BaskKHei-
IIKUX TPAHCIIOPTHBIX oceil obnacTu: «3anag—Boc-
Tok» (Kanununrpag—BunbHioc) u «CeBep—IOr»
(YepHsaxoBck—Pura).

3a mocieaHue aecsaTh JeT 3abosieBaeMocTh Th
Ha TEPPUTOPUM OOJIACTU CYIIECTBEHHO CHU3MJIACH
(c134/100 00082006T. 10 50,6/100 000 B2015T.), O11-
HaKo IO-MPEeXXHEMY TIPEBBIIIACT CPEAHMI IMOKa3a-
Tesb 1o CeBepo-3anagHomy denepajbHOMY OKpPY-
ry (C3®0) — 40,7/100 000 (P® — 57,7/100 000))
(http://mednet.ru/i). CornacHo omeHke BO3,
B 2015 r. B coceqHUX cTpaHax 3abojieBaeMocTh Th
Ha 100 000 Hacenenus u poasgs MJIY-Th coctaBu-
v B JIutBe — 56 u 23,2%, B [Tonbiue — 19 u 0,9%
(www.who.int/tb/data) (puc. 1).

IMonuMaHMe MOJEKYJISIPHOW CTPYKTYpPHI JIO-
KaJbHBIX mnonyasuuii Mycobacterium tuberculosis
U BBISIBJIEHHE HauboJiee SMUIEMUOJOTUYSCKU U/
WV KJIMHUYECKU 3HAYNMBIX TeHOBApPUAHTOB M€ -
eT 3HaYeHue 1JIsI MHGOPMUPOBAHHON peasiu3aliuu
JIOKAJIbHBIX M PErvOHajIbHBIX ITpOorpaMm OOpBLObI
¢ Th u BeIpa®bOTKM ageKBaTHBIX MeP 3MUAEMHUOJIO-
TMYECKOTo Haazopa. B yacTHOCTH, Hallle TIpeabl-
ayilee ucciaenoBaHue nonyasuuu M. tuberculosis

Finland

5.5%

b

Q‘.““ " ' '

Estonia

12.2%

Sweden

}

5%
‘Latvia
Lithuania

| 23.2% |

—

P

B Kanununrpaackoit o6nactu B 2006 1. onpenean-
JIO OCHOBHBIC [IMPKYJUPYIOIINE TeHOTUITBI BO30Y-
MUTEST M YCTAaHOBUJIO acCOIIMAIIMIO IIITAMMOB I'e-
HeTuyeckoro cemeiicTna Beijing c MJIY [17].
YuuteiBas yBeJIWYEHHE YIEJIbHOIO Beca Iep-
BuaHOi MJIY BosOymutenss ¢ 23,9% B 2010 1.
1o 30,5% B 2015 1., LEAbIO HACTOSILETO MCCIIEI0-
BaHUS ObLT aHAJIM3 COBPEMEHHOI CTPYKTYPHI ITO-
nynassuuu M. tuberculosis B KanuHUHrpaackou o6-
JIaCTU Y OlLIeHKa TeHAEHIINI ee N3MEHEHUSI B ITPO-
CTPaHCTBEHHO-BPEMEHHOM KOHTEKCTE.

Matepuanbl 1 MeTopl

CorniacHo oduLIMaIbHbIM JaHHBIM B KajnuHuH-
rpaackoit oonactu B 2015 1. BeIIBIEHO 395 OONBHBIX
TyOEpPKYJIE30M JIETKUX, M3 HUX 249 GaKkTepHrOBbIIE-
nuteneii. MCXOOHBIMU KPUTEPUSIMU BKJIIOYEHU S
B MCCJIEIOBaHUE SIBJISLIMCH. 1) BIEpBbIE BbISIBICH-
HBII TyOEepKyJIe3 JIETKUX; 2) BO3pacT cTapiie 18 yerT;
3) mocTosiHHOe IIpoxuBaHue B KaJmHuHIrpaae
n KanmHMHTpaacKoi o01acTur; 4) HaIu4Inue u30asita
M. tuberculosis. 13 choopMUpOBaHHOI BRIOOPKH (N =
216) B ucciiegoBaHue ObLIO BKJIIOYEHO 73 IPOU3BOJIb-
HO OTOOPaHHBIX M30JISITa: 53 MOJIyUYeHbl OT MYXK4YUH

I MDR-TB
TB incidence

Russian Federation

52.5%

-—\i\ / Kaliningrad Belarus
I
Country TBincidence MDR-TB, %
o Ukraine 91 53.8
Poland 0.9% 67.3% Russia 80 25
. Lithuania 56 23.2
l Belarus 55 67.3
Latvia 41 12.2
Poland 19 0.9
Ukraine Estonia 18 30
Sweden 9,2 5]
53.8% Germany 8,1 3.6
Finland 5,6 5.5

PucyHok 1. 3abonesaemocTtb Tb (Ha 100 000 HaceneHus) u gona MJ1Y-Tb (cornacHo oueHke BO3, 2015r.)
Figure 1. The estimated TB incidence (per 100 000 population) and the proportion of MDR-TB (WHO, 2015)
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(cpemumii Bo3pact 39,7; 23—63 yet) u 20 — OT XeH-
muH (cpegHuii Bo3pact 39,2; 21—86 net). YeTkipe
nanueHTa o6p1u BUY-uHdumposanHbiMu. Kyib-
TuBUpoBaHue M. tuberculosis v omnpeneneHue Je-
KapcTBeHHOU uyBcTBUTENAbHOCTH (JIY) u305TOB
K OCHOBHBIM MPOTUBOTYOEPKYJE3HBIM IpernaparaM
(ITTIT) nmpoBOAMAM CTaHAAPTHBIM HEIMPSIMBIM Me-
TOJIOM aOCOMIOTHBIX KOHLeHTpalui. [Tpyn Haauuumu
yctoituuBocTu K ogHomy U3 IITII (cTpenToMULIHY)
mrTamMmmbl M. tuberculosis cauTai MOHOPE3UCTEHT-
HBIMU, IBYM IIpenaparaM (CTPENTOMUIIMHY U U30-
HUA3Uay) — TOJUPE3UCTEHTHBIMU, OMHOBPEMEHHO
yCTOiUuBbIe K pUdDaAMOULIMHY U W30HUABUILY —
MYJbTUPE3UCTeHTHBIMU (MJTY).

O6pasubl JIHK BbIAeasSIIM U3 YUCTBIX KYJABTYP
M. tuberculosis [27]. IIpyuHaaAaeXKHOCTb K TEHOTUITY
Beijing onpenensiau mo HaaIu4uIo cneuduyiecKomn
BCcTaBKM 3jieMeHTa IS6/10 B nokyce dnaA-dnaN
xpomocombl MetoaoMm IILIP B ¢dopmare peayb-
Horo BpemeHu [19]. Knactep B0/WI148 renorumna
Beijing naeHTUGULIMPOBAIM MO HATUUYUIO CHELM-
duyeckoii BctaBku IS6/10 B MeXTeHHOM y4acT-
Ke Rv2664-Rv2665 ¢ TIOMOIIBIO MYJIBTUIIJICKCHOU
TP [16]. TeHOTMTIMpPOBaHWE IITAMMOB APYTUX
reHeTuuyeckux rpymnmn (non-Beijing) ocymectBasiiu
MeTonoM crioaurorunupoBaHusa [10]. Cnoauro-
tun (spoligotype/shared international types — SIT)
U TMPUHAIJIEXKHOCTh IITAMMOB K TE€HETHUYECKUM
ceMeicTBaM OIpeaessiid COrJIaCHO MEXAYHapo/-
poii ©Oasze SITVIT WEB (http://www.pasteur-
guadeloupe.fr:8081/SITVIT _ONLINE) u ¢ yuetom
SKCIIEPTHOM OLIEHKMW, OCHOBAHHOW Ha U3BECTHOU
KOppeJasSiIMU XapakKTEepHBIX Mpodueit croau-
TOTUNMPOBAHUSI U HAAEKHBIX 9SBOJIOLMOHHBIX
MapkepoB. B uyacTHoCTH, mpoduau, OMIMOOYHO

onpenensiembie B SITVIT WEB kak T5-RUSI
u H3, bakTuuecku oTHOCATCS K ceMeiicTBaM LAM
(Latin American-Mediterranean) u Ural coort-
BETCTBEHHO. JIOTOJHUTENBHO TNPUHAIIEKHOCTh
K reHotuny LAM onpenensiaiv nMyTeM BbISIBJEHU S
crieuuuyeckoir mytauuum Rv0129c¢ 103GAG >
GAA metonom [THP-TTAPD [8].

CratucTuyeckyto oopaboTKy JaHHBIX MPOBOAU-
JIU ¢ UCTIOJIb30BaHUEM pecypca http://www.medcalc.
org/calc/odds_ratio.php, Beraucsist x> u 3HadyeHue P
MpY TIOBEPUTEILHOM MHTepBaje 95%.

Pesynbtatbl 1 06CyXaeHne

O1leHKa JIEKapPCTBEHHOW YYBCTBUTEIBHOCTH
73 mramMoB M. tuberculosis, BbIIe I€HHBIX OT BIIEP-
BBI€ BBISIBJICHHBIX OOJIBHBIX TYOCPKYJIE30M JIETKUX,
nokasana, 4uto 26 (35,6%) coxpaHMJIM YyBCTBU-
TeJbHOCTb. YcTouuBOoCTh K [ITII Oblna BeIsiBIIE-
Hay 47 (64,4%) wtammoB, u3 Hux 33 (45,2%) ObLin
MYJBTHUPE3UCTCHTHBIMMU.

Hons mrammoB M. tuberculosis reHoTuna Beijing
yBenunuuiace ¢ 40,3% (8 2006 r. [17]) no 63,0% (46
n3 73). [loxoxxue pe3yabTaThl HOJYYCHBI U B APYTUX
pernonax C3dO. Tak, B JIeHMHTpaacKoil obaacTu
nmouist renotuna Beijing 3a 15 et Bo3pociia Ha 20,2%
[1]. B Pecnyonuke Kapenust Ha npoOTSIKEHUU T10-
CIICTHETO IOEeCSITUJICTUSI IOJIsS IITaAMMOB ITaHHOTO
TeHOTHNA OcTaBajlach ITPAKTUYECKN HEU3MEH-
Ho# (okousio 55%) [3]. B 1iesioM mITaMMBbl TEHOTUTIA
Beijing npeobOnamaioT B CTPYKType POCCUMCKOI
nonyasiuuu M. tuberculosis (B cpenHeM okoJjio 50%)
M B CTpaHax ITOCTCOBETCKOTO ITpocTpaHcTBa: be-
napycb — 36,2%, Ykpauna — 31,6%, DcroHust —
39,2% |7, 15, 20, 25, 28]. HanporuB, B Apyrux

Ta6auua 1. Cnonurotunsl wrtammoB M. tuberculosis non-Beijing (n = 27)
Table 1. Spoligotypes of M. tuberculosis strains non-Beijing (n = 27)

Cnonurotun Mpodunb cnonMroTunupoBaHus Yucno wrammos FeHoTMN
Spoligotype, SIT Spoligotyping profile Number of strains | Genotype
42 EEEEEEEEEEEEEEEEEEEEOOOCEEEEEEEROODEEEEEEN 5 LAM
254 ENEEEEEEEEERERCCOO000000CAEEEEEERCO00CAEEEEER 1 LAM
444 EEEEEEEEEEEEROO00000000000NEEEEECO000EEEEEEE 3 LAM
53 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERO000NEEEEEN 6 T
40 EEEEEEEEEEEEEEEEEE EEEEEEEEEEEEECO0EEEEEEE 1 T
205 EEECEEEEEEEEEEEEEESESSEEEEEEEEEERCO0CNEEEEEN 1 T
334 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEERCO0EEEEEEE 1 T
358 EERCCEEEEEEESSSSSSESEEEEEEEEEEERCO0NNEEEEE 1 T
2890 EEEEEEEEEEEEEEEEEEEEEEEOOONEEEEEEO00CENEEEEE 1 T
35 EEEEEEEEEEENCEEEEEEEEEEEEEERCOOROCO0OCAEEEEER 1 Ural
262 EEEEEEEEEEEEEEEEEEEEEEEEEEOO0ORO00CEEEEEEN 2 Ural
NEW EEEECENCSSESEEEEEEEEEEEEEEECOORO0O0O0ONEEEEEN 1 Ural
137 EEEEEEEEEEEEEEEEE EEEEEEEEEEEEERCO00NEO00CN 1 X2
1253 ENCEEEERCSSSSEEEEEENCEEEEEEEEERC0CNEEEEER 1 S
560 EEEEEEEEROO000000000000000000000000000AEEEEN 1 Unknown
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TaGnuua 2. FleHOTUNbI U NIeKapCTBEHHAsA YCTOWYMBOCTb LUTaMMOB M. tuberculosis
Table 2. Genotypes and drug resistance of M. tuberculosis strains

] n Mono-/ My Bcero
eHoTUN Sensitive nonMpESMCTeHTHbIe MDR Total
Genotype (n=26) Mono-{rljglﬂe)gstant (n=33) (n=73)
Beijing 12 8 26 46
Beijing BO/W148-knactep/Beijing BO/W148-cluster 0 0 14 14
Beijing npyrue/Beijing, other 12 8 12 32
Non-Beijing 14 6 7 27
LAM 4 2 3 9
T 7 1 3 11
Ural 1 2 1 4
S 0 1 0 1
X 1 0 0 1
Unknown 1 0 0 1

cTpaHax EBpoIbl pacrmpocTpaHEHHOCTh IITaAMMOB
Beijing orHOCHTeTbHO HeBeuKa: OUHISTHINS —
5,2%, UlBeuus — 5,8%, INonbiia — 6,5%, npudem
WX MCTOYHUKMW WHBIe W Oojiee pa3zHOOOpa3HBIE,
BKJIIOUAsi, B YAaCTHOCTM, IITaMMBI, 3aHECEHHBIC
n3 BoctouHoii A3um [6, 11, 24].

W3BecTHO, uTo Ha CeBepo-3amnane Poccuu B mmo-
nynsuuun M. tuberculosis renHoTuna Beijing mmnpoko
MpencTaBiecHBl mMTaMMBI Kiactepa B0/WI148, pa-
HEe OIPENIEJIEHHOI0 KaK YCIIEUIHbIA POCCUNCKUT
BapuaHT MUKOOakTepuii TyoepkyJie3a [14]. Dror
TeHOBapUaHT ObLJ BIIEPBBIC BBISIBJICH B CepeanHE-
KoH1e 1990-x rr. [4, 13, 23] 1 xapakTepu3yeTcs 3Ha-
ynuMoit accounanueii ¢ MJIY 1 moBbIIIeHHOM KJ1ac-
Tepu3salueit (1axke IMpu CpaBHEHUU C IPYTMMU Ba-
puaHTaMu cemeiicTBa Beijing) [14]. beiia mokazaHa
BBICOKasI cmocoOHOCTh mrTamMmMoB BO/W148 k pac-
MMPOCTPAHEHU IO (TPAHCMUCCUBHOCTB), B TOM YUCJIC
onMcaH ciyyail HO30KOMUaJbHOW mepemadyu [21].
B Hamem mccieqoBaHUM J0JIS IITAMMOB KJlacTepa
B0/W148 renotumna Beijing coctaBuna 19,2%, arto
BBIIIIE, YeM B €BpoTIelickoil yactu Poccum u cxom-
Ho ¢ cutyauueir B Cubupu, rae noyast BO/W148 co-
craBisuia 20—22% [14]. B To ke BpeMsl TIpU TaKUX
CpaBHEHM X CIICAYET YUYUTHIBATh, UYTO MPEABIIYIIIEC
WCCJIeNOBaHM S TIPOBOAUIINCH B Pa3HbIE TOJIBI.

I'eHoTUNUpoBaHUE OCTaJIbHBIX 27 IITaMMOB
M. tuberculosis (non-Beijing) MO3BOJMNJIO BbIAECIUTH
15 croJIMTroTMNOB 5 TeHeTUYeCKUX cemMercTB — T,
LAM, Ural, S, X 1 oniuH HeKkJacCuGULIMPOBAHHbI i1
(Unknown) (ta6ia. 1). Y3 Ttabauubl 1 BUAHO, YTO
OKOJIO TIOJIOBUHBI M3 HUX (51,6%) ObLIU TTpeacTaB-
JeHbl cnojmrotuitamu — SIT42, SITS53, SIT262,
SIT444; 11 (38,7%) mTaMMOB OBITM YHUKAJIbHBI
(B TOM 4YuCJIe OMUH — C HOBBIM CITOJIUTONPOdU-
snem). bonee monoBuHBI (55,6%) IITAMMOB TeHO-
tuna LAM nposgsasanu JIY (ta6a. 2). Pacnipenene-
Hue mramMoB LAM B CeBepo-3anagHoM pervoHe
Poccuu HeogHopoaHo. Tak, eciu B Kapenuu u Jle-
HUHTPAACKOU 001acTu UX aoJis coctasisiia 10,3%
(uto comoctaBumo ¢ PuHITHIUEH — 7,3%), TO
B IIckoBckoii o61acTi mpeBbimaina 20%, 9ro 61mn3-

KO K mokasatento B Octouuu (17,8%) [1, 3, 18, 24,
25]. B benapycu u YKpanHe 1ITaMMBbl ceMeicTBa
LAM 3aHuMaloT BTOpOE€ MecTO IO pacHpocTpa-
HeHHocTHu (okoJo 23%) nocie Beijing 1 B CTPyKTY-
pe MJIY mrrammoB (39,5 1 22,9% cOOTBETCTBEHHO)
[7, 22, 28].

B rereporenHoil rpynme T mnpeBaiupoBaiu
npeumyiiectBeHHo JIY (83,3%) mraMMBbl criou-
rotnna SIT53 — 8,2% (Ttab6x. 1), YTO COOTBETCTBYET
naHHBIM 110 benapycu u Ykpaune [22, 28]. Hanpo-
tuB, B Ilonbmre SITS53 (12,5%) wale BcTpedascs
cpenu JIY mtammos [11].

rammber  Ural (5,5%) ObliM MaJIOUMCIICH-
HBI, YTO COIIOCTABUMO C CYMMapHBIMU AaHHBIMU
no C3®DO PD u ®uunsaouu [2, 18, 24]. B To ke
BpeMs B ITOCJICIHUE TOIBI OTMEUYEH POCT LIMPKYJIsI-
H1u accoumupoBaHHoro ¢ MJIY cyoTumna cemerii-
ctBa Ural B psine ctpanH BoctouHoit EBpornibl (MoJi-
noBa, Jlutsa) u Ha CeBepo-3anane Poccum [2, 15].
Manast BBIOOpKa IITAMMOB B M3yYEHHOW TOITYJIsI-
WU U OTCYTCTBUE JTaHHBIX MO BBICOKOpa3pelaio-
IeMy TeHOTUITMPOBAHMIO HE TTO3BOJISIOT ClejiaTh
KaKOM-T100 oNpeaeIeHHbI BBIBOIL O BIUSTHUHU ITO-
MyJSIMKA 3TOTO TeHOTUIIa B cocenHeit JIutee (rme
mrtammbl Ural accoumupoBanbl ¢ MJIY) Ha cuty-
anmio B KamumHuHrpanckoit ooiactu PD. Creny-
€T OTMETUTD, YTO TOJIBKO OIWH M3 YEThIPEX IITaM-
moB Ural B Halleid BBIOOpKe ObIJT UyBCTBUTEIbHBIM
k IITII.

B menom B KanmHuHrpaiackoii obiactu goau
JIV u MJIY mitammoB non-Beijing coctaBunu 48,1
" 25,9% (Tabi. 2), 9TO CYIIECTBEHHO BBIIIE aHAJIO-
TMYHBIX Toka3ateneit 2006 . — 13,0% (P = 0,0018;
OR = 6,19 [1,97—-19,41]) u 2,2% (P = 0,0124; OR =
15,75 [1,82—136,64]) [17].

B permonax Poccuu 3HauuTesbHAsT M0JST BCEX
ciayyaeB MJIY-TBb acconuupoBaHa co IITaMMa-
mu Beijing. B Hameit pabore MJIY Takxke cTatuc-
TUYECKU 3HAYMMO Oblla CBs3aHa C TEHOTHUIIOM
Beijing: 56,5% npotus 25,9% y mTaMMOB MPOYKX
reHotunoB (cymmapsHo) (P = 0,0134; OR = 3,71
[1,31—10,50]) (Tabma. 2). I1pu aToMm Bce 14 mramMmmoB
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Figure 2. Genotypes of M. tuberculosis in the Kaliningrad region

Mpumeuanue. Tepputopun: BoctouHas (1), 3anagHas (2), Kanmuurrpag, (3), nobepexbe bantuiickoro mops (4).
Note. Areas: eastern (1), western (2), Kaliningrad (3), the Baltic Sea shore (4).

knactepa BO/W148 OblIM MyJIbTUPE3UCTECHTHBIMU
U TIPOSIBJISIIM YCTOMYMBOCTh K CTPEIITOMUIIMHY.
B Ocronuu, JlarBuu, benapycu u YkpauHe mram-
Mbl Beijing aBunnch npuunHoi 67,2 u 57,8%, 40,7
u 35,4% cnyuaeB MJIY-TB coorBeTcTBEHHO [7, 12,
22,26, 28], rorna Kax B [Toabire — auis 8,7% [9].

CrnenyeT OTMETUTh, UTO 3a TIpOIIEAIIee aecs-
tunetue B KanuHuHrpanckoit oéinactu noyiss MJIY
IITAaMMOB reHotuna Beijing cyliecTBEHHO He W3-
MeHuack: B 2006 . — 61,3% [17], 82015 1. — 56,5%
(P =10,6773; OR = 0,82 [0,32—2,08]) (Ta6xa. 2). On-
HAKO pacluupuicsd crekTp ycronuubBoctu K I[TTII
nepBoro psjaa: eciu paHee MJIY mrammbl go-
MOJHUTEIBHO IIPOSIBISIIA YCTOWUYUBOCTh JIUIIb
K ctpenntoMulinHy (78,9%), To B HacTos1Iee BpeMs
6onpiHCTBO (72,0%) MIJIY mitamMMoB 061a1a10T
PE3UCTEHTHOCTDBIO K CTPEIITOMUILIMHY, 3TaMOYTOIy
U NMpa3suHaMUAdy.

Jlast cpaBHUTEJIbHOMN XapaKTePUCTUKU MOITYJISI-
uuu M. tuberculosis BHyTpu peruoHa KanmHuH-
rpajckyio o0JIacTh YCJIOBHO pa3lieiuid Ha Tep-
putopuu: BocTouHywo (1), 3amagHyio (2), Kanu-
HuHrpan (3) u nodepexbe banTuiickoro mops (4)
(puc. 2). Ha puc. 2 BUAHO, UTO LITaMMBbI T€HOTU-
na Beijing BbISIBJIEHBI NPUMEPHO B PaBHBIX JOJSIX
B BocTO4YHO# (62,0%) u 3amamgHoil (77%) dacTsax
obmactu u B Kanununrpage (76%). CornaacHo
maHHBIM  [IpOoTHMBOTYOEPKYIE3HOTO JUCITaHCepa

KanunuHrpaackoit obnactu 3aech B 2015 1. 3a-
PErMCTPMPOBAHbI CJeAyIOIIMe MoKa3aTeJau 3a00-
nesaemoctu Th: 54,4/100 000 (1), 74,2/100 000 (2)
un 46,5/100 000 (3).

Pacnipenenenne mrammoB kiactepa B0/WI148
HEOJHOPOAHO, M HauOoJIblIasi 4YacThb BBISIBJIEHA
B 3amagHoi vactu KanumHuHTrpaackoit obGyiactu
(29%). CpaBHUTEIBHO MEHbIlIasi JOJSI IIITAMMOB
reHotuna Beijing (50%) obHapyxeHa y GOJbHBIX
TyOepKyJsie30M, TPOXUBAIOIINX Ha IMO0OEpPEeXKbe
Bantuiickoro Mopst (puc. 2), Tne mokasareib 3a-
b6osieBaeMOCTH TyOepKyiae3oM B 2015 T. cocTaBuI
29,5/100 000. Tlpu >TOM Ha MAaHHOW TEPPUTOPUU
OoJiee OJlaroroiydyHasl COLMAJIbHO-3KOHOMUYEC-
Kasl CUTyallusl U BBICOKUI YPOBEHb KaueCTBa XKU3-
HU HaceJieHus [5].

3aknyeHme

B KanuHuHrpajackoir o6GiacTu y BIIEpBbIe
BBISIBJICHHBIX OOJIBHBIX TYOEpKYyJe30M JIETKUX
B CTPYKType TOMYyISIIMU BO3OYAUTENS] TOMUHM-
pyet reHotun Beijing (63,0%), mpuuemM B Tede-
Hue 10-imetHero mepuoma HabmogeHus (¢ 2006
no 2015 rr.) ero goast Bo3pociaa Ha 22,7%. Ilona-
Bistioniee 6ojbMHCTBO MJIY mrammoB (83,3%)
npuHanjiexanu K reHotuny Beijing, mpu aToMm Bce
mTaMMBbl Kiactepa Beijing BO/W148 (19,2%) 6bliiu
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MYJIBTUPE3UCTEHTHBIMU. BMecTe C TeM, Cyllle- COBPEMEHHYIO 3MUIEMUOJOTMUYECKYIO CUTYyaIlUIo
CTBEHHO Bo3pociya poiasa MJIY mramMmoB apyrux  no Tyb6epkynae3y B KaauHMHIpaJIcKoi oOjacTu
FeHeTUYeCKUX IpyI (cyMMmapHo): ¢ 2,2% B 2006 T.  KpUTUYECKM OIpeAesieT HapacTawllas LIUPKY-
1o 25,9% B 2015 r. HauboJiiee pacripocTpaHeHHBI-  Jgiuus MJIY mTaMMOB reHETUIECKOTO ceMeiicTBa
MU Cpeau APYTUX F€HOTUIOB OCTAIOTCS CITOJTUTO- Beijing, a Tak:Ke cylleCTBEHHOE yBeIUUYeHUE JOJIU
tunsl SI'T42 (LAM) u SITS3 (T). Takum obpa3om, MJIY mitaMMOB APYTUX TEHOTUIIOB.
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Abstract. The gut microbiota of healthy people, living in different regions, may vary considerably. The article presents the re-
sults of comparative qualitative and quantitative study of the intestine aerobic and anaerobic microbiota of residents of the
Republic of Guinea (46) and Russia (60). The content of microorganisms (Enterobacteriaceae, Enterococcus spp., Lactobacillus
Spp., Bifidobacterium spp., Staphylococcus spp., Candida spp., non-fermentative gram-negative bacteria and others) in 1.0 gram
of faeces was determined by bacteriological methods. Generic and species identification was performed using Vitek 2 Compact
(bioMerieux, France), tube biochemical tests and MALDI-TOF mass spectrometry (Bruker Daltonics, Germany). Pearson
o criterion, p < 0.05 and Fisher’s exact test (medstatistica.ru) were used to assess the differences in the compared groups. 95%
confidence intervals were calculated by the method of Wilson. Microbiological disorders were characterized by a decrease
in the number of obligate microorganisms, an increase in the number of facultative (opportunistic) microorganisms (above
10 CFU/g) and the emergence of their associations. Dysbiotic disorders were identified in both compared groups: in 100%
patients from Republic of Guinea (95% CI:92.3—100) and in 86.7% patients from St. Petersburg (95% CI:75.8—93.1). Severe
degree of microbiota disorders in the residents of the Republic of Guinea was revealed at 19.6% (95% CI:10.7—33.2), in group
of residents of St. Petersburg in 9.6% (95% CI:4.2—20.6). In both groups the microbiota disorders of third degree were detected
less frequently, compared with the microbiota disorders of second degree. The study has found no significant differences in the
content of obligate bacteria (Bifidobacterium spp. and Lactobacillus spp.), however, significant differences in the species compo-
sition of the facultative part of the microbiota were revealed. The residents of the Republic of Guinea had “atypical” F. coli (lac-
tosonegative and hemolytic) and non-fermenting gram-negative bacteria Comamonas kerstersii more frequently. Opportunistic
microorganism associations have been found in 30.4% of the residents of the Republic of Guinea (95% CI:19.1-44.8) and
18.3% of residents of St. Petersburg (95% CI:10.6—29.9). Opportunistic microorganism associations from the residents of the
Republic of Guinea always contained Staphylococcus aureus. It is necessary to conduct further research on a bigger population
to access the differences in the compared groups in Staphylococcus aureus and Hafnia alvei.

Key words: intestine microbiome, Republic of Guinea, Enterobacteriaceae, Hafnia alvei, Comamonas kerstersii, Staphylococcus aureus,
Escherichia coli, Enterococcus spp.
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CPABHUTEJIbHAYI XAPAKTEPUCTUKA OCOBEHHOCTEW MUKPOBUOTbI KULLEYHUKA
XXWUTEJIEN FBUHENUCKOW PECNYBJINKWU U POCCUUN

A.IO. ITonosa', JI.A. KagTeipesaZ?, JI.B. Cyxkaesa?, E.B. BoﬁTenkoga’, A.B. 3aoposckasn?, C.A. EropoBaZ,
M.A. Makaposa?, 3.H. Marseesa?, E.B. 3yeBa?, A.A. ITopun?, M.1. Byapo?, O.K. Koncrantunos?,

Aper A. Toroasn?

T @edepanvuas cayxucba no Hadzopy 6 chpepe 3augumeot npasé nompebdbumeneti u brazonoryuus yeaoseexka, Mockea, Poccus

2OBYH HUU snudemuonocuu u muxpoouonoeuu umeru Illacmepa, Cankm-Ilemep6ype, Poccus
S HHUH npuxaaonoii buonoeuu l'éuneu, Kunous, léuneiickas Pecnyoauxa

Pe3iome. M3BecTHO, 4TO MUKPOOMOTA KUIIEYHUKA Y KIMHUYESCKM 30POBBIX JIIOEH, ITPOXMBAIOIIMX B Pa3HBIX pe-
I'MOHAX, MOXET 3HaYMTEJIbHO pa3inyaThes. Lleab ncciaemoBaHus — CpaBHUTEIbHOE M3YYEeHME Ka4eCTBEHHOIO 1 KO-
JINYECTBEHHOT'0 COCTaBa a’poOHOI ¥ aHA’POOHON MUKPOOMOTHI KMIIEUHWKA Ha CIy4YaifHOI Majoil BEIOOpKE MPoo
HCIIpakHeHuit xxuTeneit ['Buneiickoit Peciyonmmkn (46 uenosek) u Poccun (60 yenosek). ComepkaHue MUKPOOpra-
Hu3MOB (Enterobacteriaceae, Enterococcus spp., Lactobacillus spp., Bifidobacterium spp., Staphylococcus spp., IpOXKerno-
nooHbie Tpubsl poga Candida, HepepmeHTUpYIOLIME IpaMOTpULIaTeibHbIe 6akTepuu U Ap.) B 1,0 rpamme pekanmit
omnpenensiau 6aKTepruoJorndeckuM MeToaoM. Po1oBy10 1 BUIOBYIO MAESHTU(UKAIINIO ITPOBOAMIIM C UCIIOJIb30BAHUEM
GakTeprosiornyeckoro aHanuszatopa Vitek 2 Compact (bioMerieux, ®paHins), pyTUHHBIX OMOXUMUUYECKUX TECTOB,
a takxxe MALDI-TOF macc-cnektpomerpun (Bruker Daltonics, I'epmanust). st oLleHKM pa3nuunii pe3yabTaToB
B CPaBHMBAEMBIX I'PYIax MpuMeHsuiu kputepuii y* [upcona, p < 0,05 u TouHblit Kputepuii Puinepa, BHIYUCTEH-
HbIE C MCITOJIb30BAHMEM OH-JTaiiH KalbKyJsTopa medstatistica.ru. 95% mnoBepuTeIbHbIE MHTEPBAJIbl PACCYUTHIBAIN
o MeToay YujcoHa. MUKpPOOMOJIOrMYeCKUe HapyIICHUs XapaKTepU30BaJIuCh CHUXKCHUEM KOJMUYECTBA OOJIMTaT-
HBIX, TOBBIIIEHUEM KOJIMYECTBa PaKyJIbTaTUBHBIX (YCIOBHO-ITATOTEHHBIX) MUKPOOPraHU3MOB (B KosnuyecTBe 10°
u Beiiie KOE/T.) u mosiBeHueM ux acconuaiuii. J{uconorudyeckue HapyeHus OblIN BhISIBJICHBI B 00X CpaBHUBA-
embIx rpynmnax: y 100% o6cnenoBanHbix 13 ['BuHeiickoii Peciyonuku (95% 1M1:92,3—100) u y 86,7% o6cnenoBaHHbBIX
u3 Cankr-IletepOypra (95% A1:75,8—93,1). BeipaxkeHHast cTenieHb HApyIIEHU i MUKPOOUOLIMHO3a B TPYIIIIE KUTeJIeiH
I'Buneiickoit Pecniyonuku Bctpedanach B 19,6% (95% JAM:10,7—33,2), B rpynmne xuteneit Cankt-Iletepoypra B 9,6%
(95% 11:4,2—-20,6). Kax y xureneit ['Buneiickoii Pecriy6nuku, Tak u 'y xuteieit Cankr-IlerepOypra HapyLieHus
TPETheii CTETIIEHU BBISBIISIIMCH PEXe, 10 CPAaBHEHUIO ¢ HApYIICHUSIMU BTOPOIi cTeneHu. MccenoBaHue He BhISIBUIIO
3HAUMMBIX Pa3JIMYMii B comepKaHUU 00aUTaTHBIX OakTepuit (Bifidobacterium spp. u Lactobacillus spp.), omHaKO, BbI-
SIBJICHBI JOCTOBEPHBIE pa3IMuKs B BUIOBOM COCTaBe (PaKyJlIbTaTUBHON YaCTH MUKPOOUOTHI. Y xkuTeeil [ BuHeiicKoi
Pecniy0auku yaie oOHapyKMBaIu «aTUNIUYHBIe» Escherichia coli (reMOTUTUUYECKNE U TAKTO30HETraTUBHbBIE) U Hedep-
MEHTUpYIOIKME TpaMOTpuIIaTeIbHbIe 6akTepuu Comamonas kerstersii. ACCOLIMaIIuX YCJIOBHO-TIATOT€HHBIX MUKPOOD-
TraHU3MOB B pa3HBIX ITO COCTABY COYETAHM X OOHAPYKEHBI B cOCTaBe MUKPOOHOTHI ¥ 30,4% 00CiIef0BaHHBIX KUTEeH
I'Buneiickoit Peciyonuku (95% AWN:19,1—-44,8) ny 18,3% xureneit Cankt-Ilerepoypra (95% J11:10,6—29,9). Accouu-
allMy MUKPOOPraHM3MOB y XuTeseil [ BuHelickoit Pecriyonuku Bcerna conepxkanu Staphylococcus aureus. BeisiBieHbI
OTJINYMS B CPAaBHUBAEMBIX I'PYIINaX B OTHOLEHUU Staphylococcus aureus n Hafnia alvei, onHako HE0OXOAMMO ITPOBEIE-
HUE JaJbHEN X UCCIeI0BAHM Ha OOJbIlEH BEIOOPKE.

Karouesvie caosa: mukpobuoma xuweunuxa, l'euneiickas Pecnybauka, Enterobacteriaceae, Hafnia alvei, Comamonas kerstersii,
Staphylococcus aureus, Escherichia coli, Enterococcus spp.

closely related to the individual genetic characteristics
of the macroorganism, the state of its immune system.
At present, it has been shown that disruption of the
well-functioning of intestinal microbiocenosis plays

Introduction

At present, the importance of bacteria for life,
normal development and full functioning of the hu-

man body is beyond doubt. It has been proved by nu-
merous studies of both Russian and foreign authors
[2, 3, 10, 17, 19]. In the gastrointestinal tract (GIT)
of a healthy person, as a result of a long joint evolu-
tion, a complex multicomponent ecological system
that contains a large number of various types of bac-
teria and is called a “microbiome” was formed [2]. Its
functional state, species composition, quantitative
characteristics are influenced by various biotic and
abiotic factors: climatic, ecological, social, etc. Being
an open system, a microbiome, on the one hand, has
a certain stability, and on the other hand it is capa-
ble of changing under the influence of the above fac-
tors [7, 12]. The adaptive possibilities of microbiome
depend not only on external influences, but also are

a leading role in the emergence and development
of many pathological processes, both infectious and
non-infectious [1, 9, 10, 23, 27].

The composition of the intestinal microbiome
is formed from the first days of a newborn’s life, varies
depending on the age and nature of nutrition [1, 4]. As
the development of age processes in humans, the com-
position of microorganism associations in the intestine
changes (the content of Bifidobacterium spp., Lactoba-
cillus spp., etc. decreases) [8].

Dysbiosis, the quantitative and qualitative distur-
bance of homeostasis of the intestinal microbiome,
as already mentioned above, plays an important role
in the pathogenesis of various diseases [13]. In this
case, the dysbiotic states, depending on the degree
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of disturbances in the composition of the microbi-
ome, and the intensity and duration of the reasons that
cause them, can either disappear due to the inclusion
of compensatory mechanisms, or grow to a pathologi-
cal stage requiring specific therapy.

A lot of work has been devoted to the study of the
microbiome of the intestine, both in children and
in adults. Thanks to the research conducted within
the framework of the Human Microbiome Project,
the participants were able to compile a comprehensive
understanding of the diversity of microorganisms in-
habiting the biotopes of the human body. The results
of genetic analysis showed that in the human body
there are over 10 thousand species of various micro-
organisms, and the most colonized organ is the intes-
tine: the number of bacteria varies from 10—103 cells
in 1.0 gram in the small intestine to 10'? in the large
intestine [5].

It is noted that the microbiome of the intestine
in clinically healthy people living in different regions
and countries can vary significantly. For example,
the distinctive features of the microbiome of children
living in Mongolia, whose diet was dominated by meat
products, was an excessive amount of Clostridium spp.
against a pronounced deficiency of Lactobacillus spp.,
Bifidobacterium spp. and other anaerobic non-spore-
forming bacteria. In children who lived in Russia
and were on a mixed diet, the intestinal microbiome
also showed a deficiency of Bifidobacterium spp. and
Lactobacillus spp. However, in general, the content
of these microorganisms was significantly higher than
that of children living in Mongolia. At the same time,
various species of Enterobacteriaceae, Staphylococcus
spp., yeast-like fungi of the Candida genus were pre-
sent in abundant quantities in children living in Rus-
sia. One third of the children living in Switzerland had
an increase in Enterobacteriaceae, and 16.7% had no
FEnterococcus spp. and in 50% had a reduced amount
of Bifidobacterium spp. [7].

In a study of healthy residents of Vietnam and
Russia, it was found that Vietnamese residents’ fecal
samples contained more Enterobacteriaceae and less
Lactobacillus spp. than Russians, apart from the dif-
ferences in the species belonging to Enterococcus spp.
[6]. The residents of Uganda, Japan, India had a lower

number of bacteroides than those living in Europe
and America [21]. The peculiarities of microbiome
in the residents of the highland and lowland regions
of China, various regions of India, Indonesia, Japan,
Mongolia and Hong Kong have been revealed [16, 18,
24,25, 27].

The aim of the study was to carry out a compara-
tive study of the qualitative and quantitative compo-
sition of the aerobic and anaerobic microbiome of the
intestine in a random batch of feces samples from
the residents of the Republic of Guinea (Conakry) and
Russia (St. Petersburg).

Materials and methods

Laboratory studies were conducted in the labora-
tory of enteric infections of the St. Petersburg Pasteur
Institute. 106 samples of feces were obtained from
46 residents of the Republic of Guinea (Conakry) aged
24—64 and from 60 residents of St. Petersburg aged
19—63. The qualitative and quantitative composition
of microbial communities of the intestine was deter-
mined in the autumn-winter periods (December 2015,
October 2016). The persons were clinically healthy
and did not have a history of somatic and infectious
diseases of the digestive tract during the 12 months
preceding the study. A survey of food characteristics
showed that the diet of the surveyed group of residents
of the Republic of Guinea included a large number
of local vegetables, fruits, cereals and a limited num-
ber of meat and, especially, natural dairy products.
The surveyed group of residents of St. Petersburg fol-
lowed a typical diet for our country with sufficient
consumption of meat, dairy and plant products.

The content of microorganisms (bacteria of the
Enterobacteriaceae family, Enterococcus spp., Lacto-
bacillus spp., Bifidobacterium spp., Staphylococcus spp.,
yeast-like fungi of the Candida genus, non-fermen-
ting gram-negative bacteria, etc.) in 1.0 gram of fe-
ces was determined by the bacteriological method.
Russian selective and differential-diagnostic nutrient
media were used to isolate and identify bacteria, ac-
cording to the current regulatory documents. Generic
and species identification was carried out using a bac-
teriological analyzer Vitek 2 Compact, routine bio-

Table 1. The degree of microbiota disorders of the gastrointestinal tract in the residents of the Republic

of Guinea and Saint Petersburg

Number of samples, Degree of severity of microbiota disorders
Comparable groups In which
abnormalities were 1 2 3
detected
Resident abs. 17 30 5
esidents
of St. Petersburg 52 % 82.7 577 9.6
95%ClI 21.5-46.2 44.2-70.1 4.2-20.6
abs. 9 28 9
Residents of Guinea 46 % 19.6 60.8 19.6
95%ClI 10.7-33.2 46.5-73.6 10.7-33.2
The value of ¢? (d; = 1) 2.158 0.102 1.973
Level of significance (P) >0.05 >0.05 >0.05
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Microbiota disorders corresponding to the second
degree occurred in 60.8% (95% CI: 46.5—73.6) in the
group of surveyed residents of the Republic of Guin-
ea and in 57.7% (95% CI: 44.2—70.1 ) of the surveyed
residents of St. Petersburg. Deviations from the norm
were characterized by a decrease in the content of Bi-
fidobacterium spp. (up to 10" CFU/g) and Lactobacillus
spp. (up to 10° CFU/g), an imbalance in the quanti-
tative and qualitative composition of Escherichia coli
(the presence of “atypical” strains with hemolytic
activity and not able to ferment lactose), as well as
the appearance in the microbiome of OPM and their
associations in an amount exceeding 10° CFU/g.

The third degree of microbiota disorders in the
group of residents of the Republic of Guinea was found
in 19.6% (95% CI: 10.7-33.2), in the St. Petersburg
group in 9.6% (95% CI: 4.2—-20.6).

The disorders were characterized by a pronounced
decrease in the number of obligate bacteria (Bifido-
bacterium spp. — less than 107 CFU/g, Lactobacil-
lus spp. — less than 105 CFU/g), an increase in the
content of OPM and their associations in an amount
of 10 CFU/g and higher. When comparing the preva-
lence of each of the three degrees of microbiota disor-
ders between the population of the Republic of Guinea
and the population of St. Petersburg, no differences
were found, however, statistically significant differ-
ences in the distribution of the proportion of micro-
biota disorders of various degrees were found within
each population. Second degree disorders prevailed
in the residents of the Republic of Guinea, the differ-
ences between the prevalence of disorders of the first
and third degrees were not identified. In St. Peters-
burg residents, the prevalence of microbiota disorders
of the third degree is significantly lower than the first
and second degree, however, there is no difference
between the prevalence of disorders of the first and
second degree. At the same time, both in the residents
of the Republic of Guinea and in St. Petersburg resi-

dents, the proportion of disorders of the third degree
is significantly lower than the second degree.

Associations of OPM in different combinations
were found in microbiome in 30.4% of the surveyed
residents of the Republic of Guinea (95% CI: 19.1—
44.8) and 18.3% of St. Petersburg residents (95% CI:
10.6—29.9). At the same time, OPM associations in the
surveyed residents of the Republic of Guinea always
contained Staphylococcus aureus.

Table 2 represents data on the number of samples
corresponding to norm for the content of obligatory
and facultative microorganisms, significant for de-
termining the severity of dysbiotic conditions. In the
compared groups, the proportion of samples corre-
sponding to norm by the number of Bifidobacterium
spp., Lactobacillus spp. and “typical” Escherichia coli,
did not differ statistically significantly.

Statistically significant differences were detected
in the number of samples corresponding to the norm
for the content of Enferococcus spp.: in St. Petersburg
residents — 81.6% (95% CI: 70.1—89.4), in the Repub-
lic of Guinea residents — 56.5% (95% CI: 42.2—69.8).
Species composition of Enterococcus spp. was identical
in both groups. Proportions of E. faecium and E. fae-
calis were practically the same and amounted to 38.7%
and 32.3%, respectively in the group of residents
of St. Petersburg and 38.9% and 33.3% in the group
of residents of the Republic of Guinea. In both groups
there were isolated findings of other species (E. avium,
E. durans, E. galinarum, E. hirae, E. casseliflavus).

Analysis of the content of facultative microorgan-
isms revealed statistically significant differences in re-
lation to some bacteria. In the group of surveyed resi-
dents of the Republic of Guinea, samples with “atypi-
cal” (hemolytic and lactose-negative) Escherichia coli
exceeding the norm were more common: 43.5% (95%
ClI: 30.2—57.8) compared to 16.7% (95% CI: 9.3—28.0)
in the group of residents of St. Petersburg. The nonfer-
mentative gram-negative bacteria Comamonas kerster-

Table 3. The frequency of opportunistic pathogens detection in the feces of the residents of the Republic

of Guinea and Saint Petersburg

Number of samples containing opportunistic pathogens
: =
3 =3 [ .
=S o ) a 2] o
o -
Comparable Total @ o 5 e 5 8 3 @ a
groups samples 2 < S @ 2 g ] 2 3
of residents: 2 e s 3 < 9 3 S
< [3) 3 X o .
Q o <) S
S = g & 3= @ S
© &
abs. 12 3 5 0 1 1 10 9
St. Petersburg | 60 % 20.0 5.0 8.3 0 1.7 1.7 16.7 15.0
9%5%Cl | 11.8-31.8 | 1.7-13.7 | 3.6-18.1 | 0.0-6.0 | 0.3-89 | 0.3-8.9 | 9.3-28.0 | 8.1-26.1
abs. 12 4 4 1 6 8 16 7
The Republic o
of Guinea 46 % 26.1 8.7 8.7 2.2 13.0 17.4 34.8 15.2
95% CI | 15.6-40.3 | 3.4-20.3 | 3.4-20.3 | 0.4-11.3 | 6.1-25.7 | 9.1-30.7 [22.7-49.2 | 7.6-28.2
Fisher’s exact test 0.48992 | 0.46430 1.00 0.43396 | 0.04111 0.0096 | 0.04096 1.00
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sii were detected in 17.4% (95% CI: 9.1-30.7) of resi-
dents from the Guinean Republic and 1.7% (95% CI:
0.3—8.9) of residents from St. Petersburg (Table 3).

There were no statistically significant differences
in the prevalence of facultative opportunistic pathogenic
Enterobacteria among residents of St. Petersburg and
the Republic of Guinea: Klebsiella spp. — 20.0% (95%
CI: 11.8-31.8) and 26.1% (95% CI: 15.6—40.3), Citro-
bacterspp. — 5.0% (95% CI:1.7—13.7) and 8.7% (95% CI:
3.4-20.3), Enterobacter spp. — 8.3% (95% CI: 3.6—18.1)
and 8.7% (95% CI: 3.4—20.3), Proteus spp. — 0% (95%
CI: 0.0—6.0) and 2.2% (95% CI: 0.4—11.3), Clostridium
spp. — 25.0% (95% CI: 15.8—37.2) and 19.6% (95% ClI.:
10.7-33.2), Candida spp. — 15.0% (95% CI: 8.1-26.1)
and 15.2% (95% CI: 7.6—28.2), respectively.

It was found that Staphylococcus aureus and Hafnia
alvei were more common in the group of residents
of the Republic of Guinea, but when the results were
projected for the population, the differences were sta-
tistically insignificant: Staphylococcus aureus 34.8%
(95% CI: 22.7—49.2) and 16.7% (95% CI: 9.3—28.0);
Hafnia alvei — 13.0% (95% CI: 6.1-25.7) and 1.7%
(95% CI: 0.3—-8.9).

Discussion

The human society is constantly confronted with
various new problems, despite progress in many areas
of medical science and health. One of such problems at
present is the violation of the microbial balance of the
gastrointestinal tract, leading to the dysbiotic states
of the human body. Analysis of the microbiome of the
gastrointestinal tract in healthy people living in dif-
ferent regions of the world, presented in the works
of many researchers, have shown significant variations
in its quantitative and qualitative composition [11, 14,
15, 16, 17, 18, 20, 24, 25, 26, 27].

The results of our pilot project showed that in com-
pared groups of practically healthy people in St. Pe-
tersburg, who had a relatively balanced diet with a pre-
dominance of animal proteins, and residents of the
Republic of Guinea, who had a predominant preva-
lence of vegetables and cereals in the diet, significant
differences in the content of obligate bacteria (Bifi-
dobacterium spp. and Lactobacillus spp.), responsible
for colonization resistance (one of the most important
factors of the anti-infection protection system), have
not been identified. According to our data, the preva-
Ience of microbiota disorders of varying severity was
noted with equal frequency among residents of the

Cnucok nutepatypsbl/References

Republic of Guinea and among residents of St. Pe-
tersburg. Moreover, within each population, statisti-
cally significant differences in the distribution of the
proportion of microbiota disorders of various degrees
were found. Both in the residents of the Republic
of Guinea and the residents of St. Petersburg, the pro-
portion of disorders of the third degree was detected
less frequently, compared with the proportion of dis-
orders of the second degree.

Reliable differences in the species composition
of the facultative part of the microbiome are revealed.
“Atypical” Escherichia coli (hemolytic and lactose-
negative) and non-fermenting gram-negative bacteria
Comamonas kerstersii are more often found in the resi-
dents of the Republic of Guinea.

We obtained differences in the compared groups
for Staphylococcus aureus and Hafnia alvei (Fisher’s ex-
act test of 0.04096 and 0.04111, respectively), however,
when projecting the results to population, the differ-
ences were statistically insignificant, further research
on a larger population is necessary. It should be noted
that these bacteria belong to the OPM and sanitary in-
dicator microorganisms. Under certain conditions, any
OPM can cause human diseases, especially in people
with weakened immunity (purulent-septic infections,
food poisoning, etc.) On the other hand, the pres-
ence of these bacteria in the digestive tract may reflect
the characteristics of the macroorganism’s habitat. This
is confirmed by the example of our data on the content
of Comamonas kerstersii in the digestive tract in a group
of surveyed residents of the Republic of Guinea.
For these microorganisms, the ecological niche is the
environment: according to the literature sources,
strains of Comamonas spp. were often identified in the
study of samples of swampy soil and water environment,
washings from fruit and vegetables, plankton, termites
gut, etc. Comamonas kerstersii is often present in micro-
bial communities associated with natural biocenoses
and biodegradation processes [28]. More frequent find-
ings of Comamonas kerstersii and “atypical” Escherichia
coli characterize the microbiome of the gastrointestinal
tract of the residents of the Republic of Guinea. It can
be assumed that this is due to the humid tropical cli-
mate, low socio-economic level, and also the predomi-
nance of local vegetables and fruits in the diet.
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RESULTS OF GENOTYPING HEPATITIS VIRUS B
IN HBsAg-NEGATIVE BLOOD DONORS
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Abstract. The prevalence of HBV infection is estimated by the frequency of occurrence of HBsAg and varies depending on the
geographic region. Chronic infection is characterized by a stable presence of HBsAg for 6 months, with the exception of the
occult form of the disease, characterized by the absence of HBsAg, an extremely low level of HBV DNA in the blood serum.
The problem of identifying occult HBV (ocHBYV) is especially relevant because of the development of transplantology and
transfusiology. However, serological screening of donor blood used in the Russian Federation and Central Asian countries
does not reveal HBV seronegative donors. Since HBV infection is possible with the introduction of small doses of the virus,
the importance of using complex molecular methods for detecting donor ocHBYV is obvious, despite the low viral load, since
donor blood is used predominantly in patients with severe course of various diseases characterized by increased susceptibility
to HBV because of immunosuppression. The aim of our work was to study the characteristics of the genetic structure of the
ocHBV in donors in Astana, Kazakhstan. A total of 500 blood plasma samples from HBsAg-negative donors were obtained
in 2012 from residents of Kazakhstan, Astana. Using the method, we proposed to detect HBV DNA with a low viral load, HBV
was detected in 9.4% of donors. Serological markers were found in 12.7% of patients with HBV DNA, 8.5% had HBcor IgG
antibodies, 4.2% had HBcor IgG and HBe IgG antibodies at the same time. Thus, in 41 (87.3%) of the blood donor, ocHBV
was seronegative. Based on the phylogenetic analysis of the 47 isolates showed that the HBV of genotype D (95.75%) prevails
in the examined group in comparison with HBV of genotype A (4.25%). HBV subgenotypes are represented in the following
ratios: D1 —46.8%, D2 — 17.05%, D3 — 31.9%, A2 — 4.25%. In a comparative analysis, the distribution of HBV subgenotypes
in the group with ocHBV and in the case of the manifest form in donors in the Republic of Kazakhstan significantly differed —
y*=14.027 at p=0.0072, d,= 4. The incidence of HBV D3 with ocHBV (31.9%) exceeded that of patients with a manifest form
(7.4%). The relative risk of occult form of disease in patients with the subgenotype D3 is significantly higher (RR = 1.572, CI:
1.179-2.096, p = 0.0208). When assessing the picture of HBV diversity on the material of the group including HBsAg-negative
and HBsAg-positive blood donors, it is evident that the genetic relationship of the manifestations of the manifest HBV and
the ocHBYV of genotype D is obvious. Among the isolates are both similar in nucleotide sequences with those previously de-
scribed in various regions of Europe and Central Asia, and circulating in the territory of the Republic of Kazakhstan, which
indicates an independent homologous evolution of HBV in the region. The high incidence of ocHBV among HBsAg-negative
blood donors is indicative not only of the widespread prevalence of the occult form of the disease course in the population and
the inadequacy for the detection of chronic HBV of conventional HBsAg and HBV DNA in the peripheral blood using com-
mercial kits, but also the need to study the characteristics of the immune response with this form of the disease course.

Key words: hepatitis B, occult HBV, molecular epidemiology, DNA HBYV.
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PE3YJIbTATbl FTEHOTUNMNPOBAHUA BUPYCA TENATUTA B Y HBsAg-HEFTATUBHbIX JOHOPOB
KPOBU Br. ACTAHA, KASAXCTAH
10.B. Ocrankosa!, A.B. Cemenos!>3, 2K.K. Bypkutoaes?, T.H. CaBuyk?, Aper A. Toronsan'?

"®BYH Canxm-Ilemepoypeckuit HUH snudemuonoeuu u mukpoouosoeuu umenu Ilacmepa, Cankm-Ilemepbype, Poccus
2I'BOY BIIO Cankm-IlemepOypeckuii 2ocydapcmeentlil MeOuyuHckuil yrugepcumem umenu axkademuxa U.I1. Ilasrosa
M3 PD, Cankm-Ilemepbype, Poccus

JT'BOY BIIO «Cegepo-3anadnsiii cocydapcmeernnbiii meduyunckuil yrugepcumem um. H. . Meunurxosa» M3 PD,
Cankm-Ilemep6ype, Poccus

4 Hayuno-npouszeoocmeernblii yenmp mpaucgysuonroeuu, Acmana, Kazaxcman

Pesiome. Pacripoctpanennocts BI'B-uH(pexkiium oneHnBaeTcst 1mo yactote BcTpedyaemoct HBsAg u BapbupyeT B 3aBU-
CHUMOCTH OT reorpauyeckoro pernona. st XxpoHUuUecKoi MHMPEKINKM XapaKTepHo ycToiiunBoe npucytctsrue HBsAg
B TedeHMe 6 MeCsIeB 3a UCKII0YEHUEM OKKYJIBTHOI (pOpMbI TeueHUs 3a00JIeBaHMUsI, XapaKTepU3YIOIIEHCs OTCYTCTBU-
eMm HBsAg, kpaitne HuskuM ypoBHeMm JTHK BI'B B ceiBopoTke KpoBu. [Ipobiema BbisiBaeHUST OKKYabTHOTO I'B (0KI'B)
0COOEHHO aKTyaJIbHa B CBSI3M C Pa3BUTHEM TPAHCIUIAHTOJNIOTUU U TpaHcpy3uoaornu. OmHaKo UCIoJIb3yomuiica B PO
n crpanax CpenHell A3 cepoJIOTUYeCKU CKPUHWHT JOHOPCKOI KpoBM He BhISIBIsieT BI'B cepoHeraTuBHBIX TOHO-
pog. TTockonbky 3apaxenune BI'B Bo3MoXHO 1pu BBEIEHU MaJIbIX 103 BUpPYca, OYeBUIHA 3HAYMMOCTD UCITOJb30BAHUST
CJIOKHBIX MOJIEKYJISIDHBIX METOMIOB IS BhIsIBJIEHUsI oKI B y TOHOPOB, HECMOTpPsI HAa HU3KYIO BUPYCHYIO HArpy3Ky, Tak
Kak OHOPCKast KPOBb UCIIOIb3YEeTCS MPEUMYIIECTBEHHO Y TTAITMEHTOB C TSKEJIBIM TEUSHUEM Pa3IMuHbIX 3a00JIeBaHUH,
OTJIMYAIOIIMXCS MOBBILIEHHON BOCIpUMMYMBOCThIO K BI'B Ha doHe nuMMmyHocymnpeccuu. Llenbto Haleit paboTsl ObLIO
MU3y4yeHue 0COOEHHOCTeH reHeTuYecKoii cTpykTyphl okI'B y moHopoB KpoBu B I. ActaHa, Kazaxcran. OocnenoBaHo 500
HBsAg-HeraTuBHBIX 00pa3loB MJIa3Mbl JOHOPCKOI KpoBH, ronydyeHHble B 2012 1. oT xxuteneit KazaxcraHa, 1. AcraHa.
[Tpu ucnonb3oBanuu npeaioxeHHoro Hamu Metona BeisiBeHus JJHK BI'B mpu Huskoit BupycHoii Harpyske BI'B 6b1
BbIsiBIIEH ¥ 9,4% noHopos. Ceposiornueckre Mapkepbl o0HapyxeHbl y 12,7% mauuenTos ¢ BeisiBneHHoit JJHK BI'B, npu
aToM B 8,5% ciyuyaeB obHapyxeHbl antuTeaa HBcor IgG, B 4,2% cnyuae antutena HBcor IgG n HBe IgG onHoBpeMeH-
Ho. Takum o6pasom, y 41 (87,3%) nonopa kposu okI'B 6bL1 B cepoHeratuBHoii popme. Ha ocHoBaHMM (DUJIOreHETUYECKO-
o aHaIM3a 47 N30JISITOB MOKA3aHo, YTO B 06C/IeoBaHHOM rpymie mpeobianaet BI'B renotumna D (95,75%) no cpaBHeHMIO
¢ BI'Brenotuma A (4,25%). CyoreHoturnbl BI'B ipefctaBieHs B cienyommx cootHomenusx: DI — 46,8%, D2 — 17,05%,
D3 — 31,9%, A2 — 4,25%. [1pu cpaBHUTEIbHOM aHanM3e pacrpeneieHue cyoreHotunos BI'B B rpymme ¢ okI'B u ipu
MaHubecTHOI hopMe y 1oHOpoB B Pecriybnuke Kazaxcran moctoBepHo oTinvaiocs — x> = 14,027 mpu p = 0,0072, d, = 4.
Yacrora Bcrpewaemoctu BI'B D3 ipu okI'B (31,9%) npeBbiiiiana TakoByIO y TallMeHTOB ¢ MaHudecTHOI hopmoii (7,4%).
OTHOCUTENBHBIN PUCK Pa3BUTUS OKKYJIBTHOM (hopMbl X BI'B y manieHToB ¢ cyorenHotunom D3 nocroBepHo Bhilie (RR =
1,572, CI: 1,179-2,096, p = 0,0208). I[Ipu ouieHke KapTuHbI pa3HoobOpa3ust BI'B Ha MaTepuaie rpymmbl, BKIHOYAOIIEH
HBsAg-HeratuBHbIX 1 HBSAg-O3UTUBHBIX JOHOPOB KPOBU CTAHOBUTCS OYEBUIHBIM OJM3KOE TeHETUUYECKOE POACTBO
n3oasaToB MaHugectHoro XBI'B 1 okI'B renotumna D. Cpeny n3015TOB IpecTaBIeHbl KaK CXOAHBIE TTO HYKJI€OTUIHBIM
MTOCJICIOBATEILHOCTSIM C paHee ONMCAHHBIMU B pa3IUYHBIX perrnoHax EBporsl u CpenHeit A3un, Tak U IMPKYIUPYIOLITe
Ha TeppuTopun Pecrryonuku KazaxcraH, 4To CBUACTEIHCTBYET O HE3aBUCHMOM TOMOIOrnYHoM 3Boonnu BI'B B perno-
He. Bricokas BcTpegaemocTs OKI'B cpenn HBsAg-HeraTuBHBIX JOHOPOB KPOBH CBUAETEIBCTBYET HE TOJIBKO O IITMPOKOM
pacIpocTpaHeHUH OKKYJIBTHOI (DOPMBI TeUeHM ST 3a00JI€BAHMS B ITOMYJISIIIMY ¥ HEIOCTaTOYHOCTH IS BeIsIBIeHsT XBI'B
obuenpuHaThIX aHanu30B Ha HBsAg u JIHK BI'B B nepudeprueckoii KpoBU ¢ UCTIOIb30BAHU I KOMMEPUYECKUX HAOOPOB,
HO Y TOBOPUT O HEOOXONMMOCTH U3yYeHUsI 0COOEHHOCTE MMMYHHOTO OTBETa IpU faHHO# (popme Teuenust X BI'B.

Karouesnie caosa: cenamum B, okkyasmusiii BI'B, monexyasapras snudemuonoeus, ceK6eHUpogaHue.

Introduction

According to the World Health Organisation
(WHO), in the world there are almost 2 billion peo-
ple infected with the hepatitis B virus (HBV), more
than 240 million develop chronic viral hepatitis B
(CHBV) — a diffuse inflammatory disease associ-
ated with persistence of HBV [47]. Annually, 686 000
people die from hepatitis B infection, as well as from
liver cirrhosis and cancer as a result of chronic infec-
tion complications [19]. The widespread prevalence
of HBV remains a major global health problem.

The prevalence of HBV infection at this time
is estimated by the frequency of occurrence of HB-
sAg and varies depending on the geographic region.

The prevalence is classified as high (= 8% of the
population), medium (2—7% of the population) and
low (< 2% of the population) [28]. In the Russian
Federation, as well as in the territory of the for-
mer Soviet Union, the average incidence of HBV
is about 5% [9].

Phylogenic analysis of complete nucleotide se-
quences obtained from different regions of the world
has made it possible to divide HBV into ten geno-
types, designated as A-J genotypes, differing in the
composition of nucleotide sequences by more than
8%; as well as by 35 subgenotypes (within the geno-
types A, B, C, D, F, H), for which the discrepancy be-
tween complete nucleotide sequences makes 4—7.5%
[11, 24, 25, 27, 31, 33, 48].
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Studies of the prevalence of HBV genovariants
in different regions of the world have been actively
conducted since genotypes were discovered to the
present. Genotypes are distributed geographically.
This distribution varies very slowly over time, reflect-
ing the ways in which the virus spreads due to human
migration, as well as the peculiarities of the geo-
graphical origin of different genotypes. This allows
to use HBV genovariants as epidemiological markers
[24]. In most regions, with rare exception, the circu-
late genotypes make up 1 or 2 prevailing and several
minor ones, including those imported from other ter-
ritories [31]. The country prevailing HBV genotypes
depend significantly on the migration of the popula-
tion and the origin of immigrants. That is, the ways
of spreading the virus in connection with population
migration as well as its origin can be traced through
the heterogeneity of genotypes distribution in various
regions of the world.

Although, using an effective HBV vaccine in clin-
ical practice has significantly reduced the circulation
of the virus, there is a tendency observed in recent
years — a shift of the prevalence of HBV genotypes
in various geographic areas due to migration from
countries with a high incidence of hepatotropic vi-
ruses. This forces physicians and epidemiologists
to pay close attention to the epidemiological situa-
tion in neighboring countries [15]. This is especially
relevant in the light of active migration processes
involving the population of the Russian Federation
and the countries of the Central Asian region, where
the prevalence of HBV is high.

Chronic HBV infection occurs in 90% of children
infected in the pre- and neonatal period, 25—50%
of children infected at 1-5 years of age, 1-5% of peo-
ple infected as older children and up to 10% got in-
fected being adults [13, 21, 29, 41, 49].

The clinical manifestations of CHBV are diverse
and depend mainly on the biological properties of the
virus and its interaction with the host’s immune sys-
tem. However, the duration of the disease, the level
of viral load and its changes over time, virus muta-
tions, environmental and genetic factors, ethnicity
and sex of the patient can influence the course of the
disease [12]. Chronic infection is characterized by
a stable presence of HBsAg for at least 6 months (with
or without HBeAg concomitant), with the exception
of the occult form of the disease characterized by
the absence of HBsAg, an extremely low level of HBV
DNA in the blood serum (< 200 IU of HBV DNA per
ml) [39].

Due to the relatively recent discovery of this vari-
ant of CHBY, the risk factors associated with occult
infection of CHBYV are still not fully investigated and
understood, although some data suggest that occult
HB (OHB) retains most of the same risk factors as
the symptomatic form of CHBYV [36]. The problem
of OHB has become especially important in con-
nection with the development of transplantology and

transfusiology, as well as in connection with new
data concerning the importance of HBV infection
with low viral load (low dose infection was used as
an analogue) for the development of instant sero-
negative OHB and a high risk of hepatocellular car-
cinoma [30].

Ensuring the infectious safety of blood transfu-
sions during planned and urgent surgical operations
is a topical medical problem and should be imple-
mented first of all in order to prevent the transmis-
sion of viruses. Post-transfusion infection of HBV
is a serious problem and is one of the significant
risk factors for human infection. It is reported that
the risk of HBV infection after transfusion is higher
than that of other blood-borne viruses, such as HIV
and HCV [22]. Including because in connection with
the use of standard commercial kits, the OHB can
later be detected in persons negative for all HBV
markers [17].

At the heart of viral blood safety in transfusiology
is the quality of donor selection and testing for mar-
kers of viral infections. For serological screening
of donorblood in the Russian Federation, test systems
are used to detect HBsAg, which, of course, cannot
ensure the absolute detection of infected donors.
The criteria and protocol adopted in the serological
screening of blood donors in Russia and Central Asia
significantly reduced the likelihood of HBV trans-
mission. In an ideal situation, which the blood trans-
fusion centers seek, in donors, especially in regular
donors, there should be no infections. However, at
present comparison of the incidence of infections
in donors and in the population serves as a tool for as-
sessing the quality of donor selection [1, 2]. Despite
the introduction of universal vaccination and the de-
velopment of sensitive and specific assays that in re-
cent decades have reduced the risk of infection, HBV
seronegative donors may still transmit the virus in the
late phase of infection [38].

It is extremely important to determine the preva-
lence of OHB among healthy blood donors to assess
the likelihood of transmission of HBV through blood
transfusion, and then assess the need to improve and
even modify donor pre-selection strategies to reduce
the risk of transmission [18]. Therefore, molecu-
lar methods have been used for several years for the
selection of a donor blood in the United States and
a number of European countries. Since, as men-
tioned above, HBV infection is possible with the in-
troduction of small doses of the virus, it is evident
that the complex molecular methods for the detection
of OHB in donors are very important, despite the ex-
tremely low viral load in these samples. When scree-
ning donors blood, this is especially important, since
donor blood is used mainly in patients with severe
course of various diseases characterized by increased
susceptibility to HBV against immunosuppression.
The importance of detecting OHB in the popula-
tion and in blood donors was also shown in the study
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of a specific immune response, where the severity
of the Thl response in patients with OHB was sig-
nificantly higher than in patients with symptomatic
CHBY in the phase of inactive HBV carrier [14, 50].

The purpose of this paper is to study the peculia-
rities of the genetic structure of OHB in blood donors
in Astana, Kazakhstan.

Materials and methods

The work used 500 samples of donor blood plas-
ma, obtained in 2012 from residents of Kazakhstan,
Astana. A sample of blood from each donation was
examined for the markers of four blood-borne infec-
tions: HIV (p24 HIV-1 antigen and anti-HIV-1/2
antibodies), HBV (HBV surface antigen, HBsAg),
HCYV (anti-HCYV antibodies); syphilis (class M and G
anti-Treponema pallidum antibodies).

Primary detection of HBV was carried out by
isolating nucleic acids (NK) from the blood plasma
using the «<AmplePrime Ribo-prep» commercial kit
(FBIS CRIE, Moscow). For all samples, prelimi-
nary concentration of virus particles was carried out
by ultracentrifugation of blood plasma for 1 hour at
24 000g, +4°C. Analysis of the presence of the virus
was carried out by polymerase chain reaction (PCR)
with hybridization-fluorescent detection in real time
mode using the «AmpliSens® HBV-FL» commercial
kit (FBIS CRIE, Moscow).

Later, a technique developed in the St. Petersburg
Pasteur Institute was used to detect HBV in bio-
logical material with low viral load. The following
composition of the amplification mixture for PCR
was generally used: 15 pM of each oligoprimers,
1.0 mM of each nucleoside triphosphate, 6.7 mM
MgCl,, 1 unit of recombinant Tag DNA polymer-
ase (Fermentas), buffer for Taq DNA polymerase
(750 mM Tris-HCI, (pH 8.8), 200 mM (NH4) 2S0,,
0.1% (v/v) Tween 20), 10% DMSO, 1 pg matrix,
water without nucleases to a final volume of 25 pl.
Amplification in general was carried out under
the following conditions: after denaturation at 95°C
for 5 min, 30—40 amplification cycles were set in the
mode: 95°C — 20—40 sec, 55—65°C — 20—30 sec,
72°C — 30—90 sec; then the final elongation at
72°C — 5 min. The quality of the PCR was deter-
mined visually in a 2% agarose gel (120 V, 40 min,
IXTBE) stained with ethidium bromide. Specific
primers (Syntol, Russia) were used for the amplifica-
tion and sequencing reaction, the sequence of which
was taken from literary sources and were also selected
using the NCBI/Primer-BLAST program according
to generally accepted recommendations. Overlap-
ping primer pairs were used, jointly flanking 1475
base pairs (bp) fragment, including the recommen-
ded for HBV genotyping the 1169 bp Pre-S1/Pre-
S2/S area of 2848—3182...1—835 nucleotides, accor-
ding to the Mart-B47 isolate (HE974377.1) presented
in the international GenBank database [16].

The sequencing reaction was carried out accor-
ding to the instructions to the reagent kit ABI
PRISM® BigDye™ Terminator v3.1. (Applied Bio-
systems, USA), in triplicate, on forward and reverse
primers. The reaction mixture for the sequencing re-
action comprised: ABI PRISM® BigDye™ Termina-
tor v3.1 Kit 4 pl, primer for sequencing 3.0 pl (con-
centration of 1.6 pmol/ul), purified amplification
product (volume depended on concentration), deio-
nized water to a final volume of the mixture of 20 pl.
The reaction was performed on a BIO-RAD CFX96
thermocycler in the mode of 25 amplification cycles
were set at 96°C for 10 sec, at 50°C for 5 sec, and at
60°C for 4 min.

Primary amplification and sequencing reactions
products were purified according to the following
procedure: a mixture of 2 pl of 3M sodium acetate,
2ulof0.125 M EDTA and 1 pl of glycogen were added
to 20 ul of the amplification product and incubated at
room temperature in the presence of a cooled 96%
ethyl alcohol for 15 min. Centrifuged at 14 000 rpm,
4°C for 15 min. The supernatant was removed and
the precipitate was washed twice with chilled 70%
ethyl alcohol, repeating the cold centrifugation pro-
cedure. The washed residue was dried.

A purified fragment of sufficient concentration
was used for setting up sequencing reactions.

To analyze the product of the sequencing reaction,
the purified residue was denatured in formamide and
placed in the ABI Prism 3500 genetic analyzer (Ap-
plied Biosystems, USA).

The initial analysis of the fragments obtained du-
ring the sequencing was performed using the NCBI
Blast program in comparison with the nucleotide se-
quences presented in the international GenBank da-
tabase. Alignment of nucleotide sequences was car-
ried outinthe MEGA 7.0 program using the ClustalW
algorithm [45]. Since for all the regions of viral hepa-
titis selected for sequencing, a high evolution rate
is shown, for the construction of phylogenetic trees
and subsequent phylogenetic analysis, considered
the distances between sequences by the Neighbor-
joining method, which allows the optimization of the
tree in accordance with the criterion of “balanced
minimum evolution”, and bootstrap analysis for 500
repetitions was carried out in order to evaluate the re-
liability of the constructed trees [26].

Results and discussion

In Kazakhstan, in 2007, according to WHO,
the incidence of hepatitis B exceeded 8%, and anti-
bodies to HBcor were found in 30% of the population
[32]. To date, the epidemiological situation of viral
hepatitis remains tense. While in Central Kazakh-
stan the incidence of OHB was significantly reduced
[7], in South Kazakhstan there was a tendency of in-
creased incidence of chronic viral hepatitis, first de-
tected [5].
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In our study, in the group of HBsAg-negative
blood donors, HBV DNA could not be detected using
the «AmpliSens® HBV-FL» commercial kit (FBIS
CRIE, Moscow). Using our method of detecting
HBYV DNA at low viral load, HBV was detected in 47
(9.4%) donors. With further sequencing of the samp-
les, their genetic individuality was shown, which was
confirmed by the diversity between the nucleotide
sequences, which additionally indicates the validity
of the detected cases of OHB in blood donors.

It is known, depending on a number of factors
(transferred diseases, operations, vaccinations, in-
creased ALAT activity, etc.), a person may be not
allowed to give blood temporarily (temporary with-
drawal from donation) or permanently (permanent
withdrawal from donation). Among donors who had
HBV DNA detected, there were 14.9% who per-
formed blood or plasma donation once, including
two withdrawal cases; 19.1% who performed blood or
plasma donation twice, no withdrawal cases; 38.3%,
who performed blood or plasma donation 3—7 times,
4 withdrawal cases, two of which are associated with
an elevated level of ALAT; 27.7% who performed
blood or plasma donation more than 10 times (12—
117 times), all donors except one had withdrawal
cases 1 to 9 times, while two donors had 1 withdrawal
case, associated with the HBsAg repeated analysis,
in seven donors, one or more withdrawal cases were
associated with elevated ALAT levels.

Serological markers were detected in 6 (12.7%)
patients with HBV DNA, 4 (8.5%) cases with de-
tected HBcor IgG antibodies, 2 (4.2%) cases with
detected HBcor 1gG and HBe IgG antibodies. Thus,
in 41 (87.3%) of the blood donor, OHB was in seron-
egative form.

For all the samples identified, a nucleotide se-
quence of Pre-S1/Pre-S2/S area of adequate quali-
ty, suitable for further analysis, was obtained. For all
samples, the genotype and subgenotype of the virus
were determined. Based on the phylogenetic analy-
sis of 47 isolates, it was shown that HBV of geno-
type D (95.75%) prevails in the examined group and
only two patients with HBV genotype A (4.25%) are
represented. Among the patients with HBV geno-
type D, the highest frequency was found in the sub-
genotype D1 (48.9%) in comparison with the sub-
genotypes D2 (17.8%) and D3 (33.3%). Thus, among
the 47 samples of OHB in HBsAg-negative blood
donors were subgenotypes of HBV in the follow-
ing ratios: D1 — 46.8%, D2 — 17.05%, D3 — 31.9%,
A2 — 4.25%, respectively. The intra-group percent-
age of nucleotide identity among blood donors with
HBYV subgenotypes D1, D2 and D3 was 98.05+0.7%,
99.1+£0.35% and 98.9%£0.45%, respectively. Phylo-
genetic relationships between the studied isolates
of OHB obtained from blood donors from the Re-
public of Kazakhstan and reference sequences from
the international GenBank database are presented
in Figure.

It is known that in most of the territory of the for-
mer USSR and in the countries of the Baltic region,
HBYV subgenotype D2 prevails, the subgenotypes
A2 and D3 [46] are present, while for the countries
of Central Asia the distribution of the HBV subgeno-
types shifts towards the predominance of the sub-
genotype DI1. Thus, the high occurrence of the sub-
genotype D1 corresponds to the previously obtained
data on the molecular genetic characteristics of HBV
in Central Asia, however, the increased incidence
of HBV D2 and D3 is noteworthy.

According to the presented dendrogram, among
the isolates DI there are two subclasses of HBV cir-
culating, most likely, in the territory of the Republic
of Kazakhstan, as well as several independent isolates
similar in nucleotide sequences with those previously
described. Among the D2 isolates, one HBV subcluster
and also several independent isolates are determined.
Among HBV D3, it is evident that there is a division into
two subclusters, which have a high similarity with those
previously described in Europe. Thus, HBV in the sub-
groups represented, apparently, has several independent
sources of infection. The high similarity of isolates with
the samples from different countries described in the
international database is, apparently, the confirmation
of numerous independent importations of the virus into
the country, including during large migration waves.
The identification of subclusters, which have much less
similarity to the isolates previously deposited in the da-
tabase, indicates an independent homologous evolution
of HBV in the region.

In the group of blood donors we examined, there
were more men than women — 76.8 and 23.2%, re-
spectively. In the analysis of the occurrence of HBV
in the group, there were no significant differences (p =
0.3652), depending on gender, but there was a trend
towards more frequent infection of men (10.1%) than
women (6.9%). In the analysis of the distribution
of HBV subgenotypes by gender, the subgenotype DI
(75%) prevailed in women compared to D2 and D3
(12.5%); men also had a more frequent subgenotype
D1 (41.1%) compared to D2 (17.9%), D3 (35.9%) and
A2 (5.1%), but no significant differences were found
between the groups. Nevertheless, there is a trend to-
wards a high incidence of the subgenotype D3 in men
in this group. The average age in the group of blood
donors we examined was 30.519.8 years. The average
age of donors with detected HBV DNA was 28.2+8.8
years, with the number of donors with OHB less than
20 y.o0. being 8.5%, at the age of 20—30 years — 55.3%,
at the age of 30—40 years — 23.4%, 40+ years —
12.8%. Thus, among the donors of blood with OHB
alarge proportion of detected HBV (78.7%) fell on the
age group with high sexual activity. Differences in the
distribution of HBV subgenotypes, depending on the
age of the patient, have not been revealed.

Earlier, we reported on the analysis of genetic
variants of HBV in HBsAg-positive primary donors
in the Republic of Kazakhstan. HBV subgenotype
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Figure. Dendrogram characterizing the phylogenetic relationships of HBV isolates obtained from blood
donors from the Republic of Kazakhstan, in comparison with the reference sequences presented

in the international GenBank database

D1 (85.2%) prevailed compared to HBV subgenotype
D2 (3.7%) and subgenotype D3 (7.4%), one sample
revealed an HBV genotype A subgenotype Al (3.7%)
[3]. Using a comparative analysis, the distribution
of HBV subgenotypes in the group with OHB and
in the symptomatic form of the disease in donors
in the Republic of Kazakhstan significantly dif-
fered — y?> = 14.027 at p = 0.0072, d; = 4. The inci-
dence of HBV D3 with OHB (31.9%) was significantly
higher than that of patients with a symptomatic form
(7.4%). At the same time, the relative risk of develop-
ment of occult form CHBYV in patients with the sub-
genotype D3 is significantly higher (RR = 1.572, CI:
1.179 — 2.096, p = 0.0208). It should be noted that
the data obtained on the distribution of HBV sub-

genotypes among patients with OHB also differ from
the distribution of HBV subgenotypes in the symp-
tomatic form of the disease in such nearby countries
of Central Asia as Uzbekistan (D1 = 80.95%, D2 =
4.75% D3 — 14.3%) and Kyrgyzstan (D1 — 68.75%,
D2 — 18.75%, D3 — 12.3%) |4, 6].

It can be assumed that the high incidence of HBV
D3 in HBsAg-negative blood donors is related to the
course of the disease, but it should be noted that
the prevalence of D3 isolates in Astana was, accord-
ing to the published data, rather high and amounted
to 20.4% [8]. We assume that the relatively high fre-
quency of occurrence of the subgenotypes D2 and D3
and the predominant detection of OHB in the sexu-
ally active age group are interrelated.
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An indirect confirmation of our assumption is the
work that showed the prevalence of HBV D2 and D3
in patients who recognized risky sexual behavior,
while a group of patients who claimed to have been
infected by surgery or blood transfusion shown many
subgenotypes. This may be due to the fact that pa-
tients who underwent surgery and blood transfusion
were exposed to several sources of infection [40].

The prevalence of OHB in different geographic
regions differs, but mainly correlates with prevalence
of the symptomatic HBV in the region. However,
the data on the study of blood donors, stem cells, and
organs for the presence of OHB are little and contra-
dictory. For example, among blood donors in Argen-
tina (n = 70 102), HBV was detected in only 0.06%
of the samples, of which only four were OHB [35].
In the Lao People’s Democratic Republic, the preva-
lence of OHB among HBsAg-negative blood donors
was 10.9% [23]. In Nigeria, the incidence of OHB
among blood donors reached 17% [35]. In the anal-
ysis of healthy stem cell donors from South Korea,
OHB was detected in 15.3%, which, like in the case
of asignificant occurrence of OHB in the population,
can be explained by the high prevalence of hepato-
tropic viruses in this geographic region [20]. In In-
donesia, occult HBV was detected in 8.1% of blood
donors [44]. In Iran, since the routine neonatal vac-
cination against HBV was adoption in 1993, the prev-
alence of the virus was about 1.7% [37]. Neverthe-
less, the general data vary depending on the methods
of virus definition, including the variety of commer-
cial kits for detecting HBsAg and HBV DNA, and
the reported prevalence of OHB, especially among
healthy blood donors, varies. For example, the prev-
alence of HBsAg in the Iranian population and
in blood donors is 2.6% and 0.4%, respectively, while
the prevalence of OHB among blood donors was esti-
mated to be slightly more than 4% [10, 42, 46].
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Data on the prevalence of OHB in the popula-
tion of the Republic of Kazakhstan could not be
found, but it can be assumed that with such a high
prevalence among blood donors, in the population,
the OHB can also be widely spread. When assess-
ing the HBV diversity using the material of the en-
tire surveyed group, including HBsAg-negative and
HBsAg-positive blood donors, the close genetic re-
lationship of the isolates of the symptomatic CHBV
and the OHB genotype D becomes evident, which
also indicates the prevalence of OHB in the region.

Conclusion

Detection of HBV DNA is a complex task for ef-
fective laboratory diagnosis of hepatitis, especially
where PCR is not accepted as one of the screen-
ing methods for detecting HBV, which is important
for highly endemic viral hepatitis regions.

The high incidence of OHB among HBsAg-neg-
ative blood donors is indicative not only of the wide-
spread prevalence of the occult form of the disease
course in the population and the failure to detect
HBYV of conventional HBsAg and HBV DNA as-
says in the peripheral blood using commercial kits,
but also the need to study the features of the immune
response with a given form of the disease course
of CHBV.

Despite the fact that the best international stand-
ards for screening donor blood for markers of trans-
fusion infections have been introduced in Kazakh-
stan, the systematic application of molecular phylo-
genetics in the analysis of OHB in blood donors can
contribute to an understanding of the epidemiology
of the infectious process, the identification of the
features of the spread and the role of “imported”
HBYV genotypes in the circulation of the virus in the
region.
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U KOMMJIEMEHTAPHbIX ®PATMEHTOB

U BOSMOXXHAA UX POJIb

E.I1. Xapuyenko

OI'BYH Hucmumym s6onroyuonnoil puzuonroeuu u ouoxumuu um. U.M. Ceuenosa PAH, Cankm-Ilemep6ype, Poccus

Pesitome. C romolpbio KOMITbIOTEPHOIO aHaI13a UCCAe0BaHa PaCIIpOCTPAaHEHHOCTh ayTOKOMITJIEMEHTAPHBIX, KOM-
TJIEMEHTApHBIX ¥ roMoJoruuHbix nocaenoBaTenbHocTel (KIT u I'Tl) (aniuHo#t B 21 HyKJeoTHa) B reHoMax 14 Bu-
PYCOB, BbI3bIBAIOIIMX HanboJiee pacpocTpaHEHHbIE MH(EKIIUU y yenoBeka. Boibopka BUPYCOB BKJIOYaIa BUPYCHI
¢ (+) u (—) omnocniupanbHoit PHK u JIHK-conmepxamuii Bupyc rernatuta B. BeimoaHeHHBIN aHaIM3 10 pacpocTpa-
HeHHocTH I'TI cBUIETENBCTBYET O CYIIECTBOBAHUH ABYX €€ SKCTPEMaJbHBIX ITOKa3aTesei: ¢ OMHOI CTOPOHBI, UMEET
MECTO HaJIM4ue Y OMHOTO 1 Toro e Bupyca [Tl mpakTuuecku Ko BceM IpyTHM BUpycaM (HaIpuMep, BUPYCH D0oa,
TSKEJIOT0 OCTPOTO PECIIMPATOPHOTO CMHIPOMA M TIapOTHUTA) U MHOTOYMCIeHHOCTH Y Hero ke I'T1 K omHOMY 1 TOMY Xe
IPYroMY BHPYCY (V BUpYca TSXKEJIOr0 OCTPOTo peCcpaTopHOro CHHIpOMa 0COOEHHO K BUpYCY leHTe, BUpycy Doona
1 TIOJIMOBUPYCY), U, C APYTOI CTOPOHBI, PeiKasi BCTPeYaeMOCTh M HeMHOToYnCIeHHOCTH ['T1 17151 HeKOTOpPBIX BUPYCOB
(BUpYyC KpacHYxH, BUpyc renaruta A u renatuta B). CxoqHas kapTuHa oTMevaeTcs U B pacnpoctpaHeHHocTu KIT.
Bupyc kpacHyXM, UMEIOIINI pe3Ko oTIUYHEIN oT apyrux PHK-comepxammx BUPyCOB HYKJIEOTUIHBIN COCTAB €T0O
reHoMa, TaKKe OTIMYAaJICs TI0 MaKCUMaJIbHOMY YMCITY BUPYCOB, K KOTOphIM OH He uMeeT KII. BoabmmHcTBO Xe uc-
cJe0BaHHBIX BUPYCcOB 1Mo o6ouM nokasareasMm I'Tl u KIT umeoT npomMexyTouHble BETUUYUHBI MEXIY SKCTpeMaib-
HbIMU 3HaYeHUsIMU. AyToKIT narHot B < 19 HyKI€0TUI0B ObIJIM MHOTOYMCACHHBI Y BCEX UCCIEIOBAaHHBIX BUPYCOB,
YTO MpeArnonaraeT Hanuuue y BupycoB ¢ oHPHK pa3BeTBaeHHOI BTOpruHO# cTpyKTYphl. [ToMUMO BO3MOXHOM poJn
B PEKOMOMHALIMY BHYTPUTUIIOBBLIX ITaMMOB, ayToKIT Moraum Obl uepe3 onauur reHoMoB 1 MPHK ObITh peryns-
TOpPaMU CKOPOCTHU TPAHCISIIIMU BUPYCHBIX OEJIKOB, 00eCreurBasi ONTUMATbHOE KOTUYSCTBEHHOE COOTHOIIEHNE UX
s coopku BUproHoB. OoHapyxkeHne pacripoctpaHeHHocTH KopoTkux ['TI u KIT cpenn PHK- n JIHK-conepxammx
BHPYCOB MOXXHO pacCMaTPUBAaTh KaK pPe3yIbTaT MHOTOKPATHON peKOMOMHAIINY MEeXX Iy HUMU, CBepIIaBIICICS B TIPO-
IIJIOM ¥ BO3MOXHOI B HACTOSIIEM U OIIPEACISIONIe MX M3MEHUYMBOCTD U aJalTainioo. PekoMOMHAIIMS MOTJIa ITPOKC-
XOIMUTH IIPY KOMHPUIIMPOBAHUHT UMM UeJIOBEKA VTN IPYTHUX OOIIMX IS HUX X03s1eB. BKTtoueHme B reHoM BupycoB ['T1
1 KIT He ToJIbKO OOHOBJISIIO MX, HO M MOTJIO OBl CIYXXUTh U TTAMSITBIO O CYIIIECTBOBAHMY KOHKYPEHTA (IIPOTUBHUKA)
3a OBJIaJIEHME XO35IMHOM, 1 CPEICTBOM MTPOTUBOACHCTBUSI KOHKYPEHTY MPU KOMHOUIIMPOBAHWY, SIBIISISICh aHAJIOTHEN
cuctembl CRISPR/Cas 6akTepuii u apxei.

Karoueevie cxtoea:pelcozwﬁuﬂauu;z BUP)YCOB, CEHOM 6UPYCO6, 2OMON0OCUHUHbIE nocxzedoeame/zbuocmu, KomnaemenmapHole
nocxze&oeame/lbuocmu, aymoxKomniemenmapHsle nome&oeameﬂbnocmu, uﬂmepd)epeuuuﬂ eupycoe.
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OCCURRENCE OF SMALL HOMOLOGOUS AND COMPLEMENTARY FRAGMENTS IN HUMAN VIRUS
GENOMES AND THEIR POSSIBLE ROLE

Kharchenko E.P.

1. Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences, St. Petersburg, Russian Federation

Abstract. With computer analysis occurrence of small homologous and complementary fragments (21 nucleotides in length)
has been studied in genomes of 14 human viruses causing most dangerous infections. The sample includes viruses with (+)
and (—) single stranded RNA and DNA-containing hepatitis A virus. Analysis of occurrence of homologous sequences has
shown the existence two extreme situations. On the one hand, the same virus contains homologous sequences to almost
all other viruses (for example, Ebola virus, severe acute respiratory syndrome-related coronavirus, and mumps virus), and
numerous homologous sequences to the same other virus (especially in severe acute respiratory syndrome-related corona-
virus to Dengue virus and in Ebola virus to poliovirus). On the other hand, there are rare occurrence and not numerous
homologous sequences in genomes of other viruses (rubella virus, hepatitis A virus, and hepatitis B virus). Similar situation
exists for occurrence of complementary sequences. Rubella virus, the genome of which has the high content of guanine
and cytosine, has no complementary sequences to almost all other viruses. Most viruses have moderate level of occurrence
for homologous and complementary sequences. Autocomplementary sequences are numerous in most viruses and one
may suggest that the genome of single stranded RNA viruses has branched secondary structure. In addition to possible role
in recombination among strains autocomplementary sequences could be regulators of translation rate of virus proteins and
determine its optimal proportion in virion assembly with genome and mRNA folding. Occurrence of small homologous
and complementary sequences in RNA- and DNA-containing viruses may be the result of multiple recombinations in the
past and the present and determine their adaptation and variability. Recombination may take place in coinfection of hu-
man and/or common hosts. Inclusion of homologous and complementary sequences into genome could not only renew
viruses but also serve as memory of existence of a competitor for host and means of counteraction against a competitor
in coinfection being an analogy of the bacterial CRISPR /Cas system.

Key words: recombination of viruses, virus genome, homologous sequences, complementary sequences, autocomplementary sequences, virus

interference.

MonekynsipHasi OMOJOTUSI BUPYCOB/OAaKTEepHO-
¢daroB 4acTo CBUIETEIHBCTBYECT O HAIUYUU Y HUX
NpooOpPa3oB CTPYKTYP U MPOILIECCOB, CBOMCTBEHHBIX
ux 00Jiee BBICOKOOPTaHM30BaHHBIM X03sieBaM, IO/~
TBEepXIasi TeM CaMbIM YHUBEPCAJIbHOCTh IPUHII-
OB MOJICKYJISIPHOI OpraHU3alliy XXKUBBIX CYIIECTB.
Haire co3HaHue 0ObIYHO OKa3bIBAETCSI CKOBAHHBIM
B IIPU3HAHUU CYIIECTBOBAHMS y BUPYCOB CHUCTEM,
CBOMCTBEHHBIX MX XO3sIeBaM, M3-3a MaJIbIX pa3Me-
POB T'€HOMOB U TMPOCTOTHI OPraHU3allMu BUPYCOB.
JIume B mociienHee AECSITUJIETHE CTajda BBIPUCO-
BBIBATbCSI CJIOXKHAsl CETh MOJICKYJISIDHBIX B3aMMO-
NEUCTBUI KOMIIOHEHTOB BHUpPYCa B ITOpa’kKaeMoOu
KJEeTKEe W, HaKOHell, MoJyyua Mpu3HaHUe BOBJE-
YEHHOCTb B MHGMEKIMOHHBIN MPOLECC BUPYCHBIX
Hekonupywoimux PHK (BHPHK). Kpyr Bupycos,
y koTopbix BbIsiBIeHbl BHPHK pasHbix pazmepos,
Bce OOJIblle pacUIMpPsIeTCs, U B UX YUCJIE MpeacTa-
Butenu Adenoviridae, Herpesviridae, Flaviviridae,
Rhabdoviridae v Orthomyxoviridae. B Xu3HeHHOM
nukJie 3tux BupycoB BHPHK urpaiot ponb B pery-
JISIUU peIrIMKALlUU, TIePCUCTEHLIMU, KJIETOYHOM
TpaHchOpMaIluK 1 YCKOJIb3aHUU OT UMMYHHOM CH-
cTeMbl xo3guHa [17].

IIpuMeHeHe METONOB CEKBEHUPOBAHUS HOBO-
ro MOKOJEHUSI MO3BOJMJIO BBISIBUTH TPU HHGOpEK-
OUSIX pa3HBIMU BUPYCAMH Y Pa3INMYHBIX OpraHU3-
MOB (OT KJIella OO0 MbIIIK) oOpa3zoBaHWE U HAKO-
njeHue B kjaeTke MaabiX BupycHbix PHK (MBPHK)
B pe3yJbTare Aerpamaliiid pa3judHbIMHU ITyTSIMU
cuHTte3upyembix BupycHbix PHK. Xotsa niauna,
MNOJITPHOCTh U HYKJIeoTUAHBIN coctaB MBPHK Ba-

pPbUPOBAJIM B 3aBUCMMOCTH OT BUPYCHOIO cyoCcTpa-
Ta U MEXaHU3Ma JIeTpagalliid UX XO3IMHOM, CpPeau
HUX YETKO BbICTyTaJIo Tipeodmaganue MBPHK pa3s-
MepoM B 20—23 HYKJIEOTUHOB. XapaKTEPHO, UTO
nosiBieHue MBPHK y pasHbIX XXMBOTHBIX 4acTo
OoOHapy:XMBaeT MPOodUb, COOTBETCTBYIOIINII aK-
TUBAIIMK 00pa30BaHUSI MaJIbIX MHTEeP(epUPYIOLINX
PHK [4]. B aT0li CBSI3u BO3HUK BOTIPOC, HE MOTYT
Ju coaepxkatcs y BupycoB cpeau ux MmBPHK Takue,
KOTOPbIE TOMOJIOTMYHBI UJIM KOMIIJIEMEHTapHBbI MO~
CJIEIOBATEIBHOCTIM T€HOMA JIPYroro BUpPYCa WJIU
ayTOKOMILJIEMCHTapHBI. KX Hamudme II03BOJIMIIO
ObI paciuuputh noHUMaHue pojiu MBPHK B nndex-
LIMOHHOM Mpolecce U 000CHOBATh BO3MOXHOE CO-
yyacTue MX B Ipyrux (peHOMeHax BUPYCOB, TaKUX
Kak peKoMOuHalusi, U3MEHYMBOCTb U MHTepde-
peHnus. [ToaToOMYy 11e1b HACTOSIIIETO UCCIICTOBAHMUST
COCTOSIJIa B M3YYEHUH PAaCPOCTPAaHEHHOCTHU CpeIu
MaTOTEHHBIX JJIS YeJIOBEKa BUPYCOB C OHOHUTEBbI-
mu PHK (oHPHK) u THK Majibix roMoJIOrMYHbIX
(I'TT) m xomnnemeHTapHbix (KIT) HyKJI€OTUIHBIX
MOCJIEIOBATEIBHOCTEH, a TaKXKe B IIpeaeaax reHoMa
KaXXJI0Tro BUpPyca ayTOKOMIIEMEHTAPHBIX ITOCICHO-
BatesibHOCTel (ayToKIT).

MeTtoapl

J1si KOMOBIOTEPHOrO aHajiu3a ObLIA WCHOJb-
30BaHbl MOCJEAOBATEJILHOCTU TE€HOMOB 13 BUpY-
coB ¢ oHPHK u 1 Bupyc ¢ HernoaHo# nBycriupaib-
noi JIHK [Bupyc renatuta B (uramm ayw)|, ma-
TOreHHbIE AJI51 yejaoBeka. B nx yucie Bupycol ¢ (—)
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Manble hparmMeHThl BUPYCHbLIX FEHOMOB

oHPHK [Bupyc xkopu (lutamm ICHINOSE-BA), na-
poruta (mtamm MIYAHARA VACCINE), B6oima
(Zaire ebolavirus strain Ebola virus/H sapiens-rec/
LBR/2014/Makona-1.2014_ZsG), bopHa (iiitamm V)],
Bupychl ¢ (+) oHPHK [Bupychl rematutoB A (re-
Hotun IB, nzonar HM175) u C (reHotun la, uzo-
aat H), kpacHyxu (utamm Therien), mojiuoBupyc
(mtamMm Sabin), Bupyc nuxopanku eHre (litamMmm
Nauru/West Pac/1974), Bupyc 3uka (mtamm Mr 766)
U BUPYC TSKEJIOTO OCTPOro pPecrnupaTOpHOIO CUH-
npoma (BTOPC) (uzonsar Tor2)], Bupyc ¢ ¢hparmeH-
TupoBaHHBIM (—)oHPHK renomom [Bupyc rpunmna
(A/California/08/2009(HINI1)] u Bupyc c obGpar-
HOIl TPaHCKPUNTa30i [BUPYC UMMYyHoAebhUIIMTA
yemoBeka 1 (BHUY 1, rpynmma M montumr B (M3oiat
HXB2)], UCTOYHUKOM MEPBUYHBLIX CTPYKTYpP BHU-
PYCHBIX TEHOMOB M MX OOILIIVX ITapaMeTPOB CIYKWJIN
noctynHble B MHTepHeTe 6a3bl JaHHBIX (WWW.ncbi.
nlm.nih.gov, http://viralzone.expasy.org).

HyxkneotumHbie mocjeqoBaTeIbHOCTU T€HOMOB
BUPYCOB MOABEPrajiCh KOMITBIOTEPHOMY aHaJIU3y
Ha npucytcTBre ayToKII, a Mexx 1y mapaMmu BUPYCOB
BoIsIBsIM B3auMHO KIT u I'TT nauHoI0 B 21 HYKJI€0-
TUJ, AOMYyCKas HaJudue B HUX COOTBETCTBEHHO
1—3 HecnmapeHHBIX HYKJICOTUIOB U 1—3 HEMICHTUY-
HBIX TO3ULIU .

Bri6bop anuHBL parMeHTOB B 21 HYKJICOTHU]
ObLT MOTHMBUPOBAH C pPaclpOCTPAHEHHOCTHIO e€e
y MBPHK [4], nnuHoi0 Manabix MHTEpdEpupylo-
mux PHK sykapuot [12] u nociegoBaTeibHOCTEN
B tracrRNA (amantuBHas cuctema CRISPR/Cas
0akTepuii M apxeif), KOTOPbIC OCYIICCTBISIOT KOM-
MJIeMeHTapHOe CBSI3bIBAHUE ¢ TeHOMOM (aros [5],
n BHPHK Bupyca rpunma A [13, 14, 20].

Pesynbrathl

BbITTOTHEHHBIN aHAIU3 MO PacIIPOCTPaHEHHOC-
1 I'T1 cBMaeTeIhCcTBYET O CYIIECTBOBAHUU ABYX €€
9KCTpEeMaJIbHBIX TIoKa3aTeJieil: ¢ OIHOW CTOPOHHBI,
MMEeT MECTO HaJIu4dMe y OOHOI'0 M TOTO K€ BHUpyca
I'TT mpakTuyecKu KO BCEM IPYyTUM BHUpycaM U MHO-
TOUYMCICHHOCTHU y Hero ke ['Tl K omHOMY U TOMY XKe
JpyromMy BUpYCY (najiee KpaTko oba rmokasartelist 0y-
JIEM UMEHOBaTh COOTBETCTBEHHO «MHOXECTBEHHO-
ctbio ['TI» u «MHOrokpatHocteio I'Tl»), u, ¢ npyrou
CTOPOHBI, pelKas BCTPEeYaeMOCTb M HEMHOI'OYMC-
seHHocTb I'T1 1J1g1 HeKoTopbIX BUpycoB. To ke camoe
oTMmevaeTcsd U B pacnpoctpaHeHHocTu KII. bonb-
IIIWHCTBO K€ HMCCJIENOBAaHHBIX BUPYCOB MO 00OUM
nokaszatenasMm ['TT uMeIoT mpomMeXXyTOUHbIe BETUYU-
HBI MEXY 9KCTPEeMaIbHBIMU 3HAYCHUSIMU.

Jlaxke py U3BECTHOM BBICOKOI CKOPOCTH Perliu-
KAl 1 U3MECHYNBOCTH CIIOHTAHHOE BOZHUKHOBE-
HME B IMpejesiax TeHoMa OTHOTO U TOTo Xe BUpyca
ooisee 40 I'Il u He meHbmero ynciaa KII (mampu-
mep, Yy BTOPC) anunoii B 21 HyKJI€OTUA U YPOB-
HEM UJISHTUYHOCTH > 85% (IIpy MUHMMAaJIbHOCTHU
MHOXECTBEHHOCTH M MHorokpatHoctu I'Tl y apy-
roro BUpyca, HaIpUMep Y BUpyca KpacHYXM) Mpe-
CTaBJIIETCS MaJlOBEPOSITHBIM, WM €IWHCTBEHHOM

aJlbTEPHATUBOU 00BsICHEHUIO cyllecTBoBaHus [T
(xax m KIT) y BUpycoB ocTaeTcst BOSBHUKHOBEHME X
3a CUeT peKOMOMHALIMY MEXY HUMMU.

AHaIU3 TEHOMOB pPa3JIMYHBIX BUPYCOB OPYTU-
MM aBTOpaMU TaKXKe MoKa3aj, YTO MEXAY pa3HbIMU
MO CBOEI MPUPOJIEe BUPYCAMU MTPOUCXOIMIIA PEKOM-
ounHauus reHomoB [8, 10, 17]. PekomOmHMUpoBanu
mexny coboit takxke PHK- u JIHK-conmepxaiiue
BUPYCHL. B WacTHOCTH, y BUPYCOB C IBYCITMPAJIb-
Hoii THK BbISIBJIeHBI MOCIEA0BATEIbHOCTU T€HOB
BupycoB ¢ oH/IHK (Hampmmep B TeHOMe BHpyca
reprieca 7 BBISIBJIEHBI TOCJIENOBATEIBHOCTU TE€HO-
Ma napBoBupyca), a 'y BupycoB ¢ oHIHK BbIsiBIIeHBI
nocjaeaoBaTeIbHOCTU T'eHOB BupycoB ¢ oHPHK [17].
VYV 6osee yem 3000 BUpPYCHBIX T€HOMOB, OXBaTbIBalO-
mux 120000 rexoB, 10% BUPYCHBIX I'€HOB SIBJISIFOT-
ca xumepamu. B uenom (+) oHPHK- u onIHK-co-
JepsKalire BUPYCHl ObLIM O0Jiee CKIIOHHBI 00JIaIaTh
XUMepHbIMU TeHamu, yeM (—) oHPHK-conepxaiiue
BupycHl [8]. [ToaToMy nanee 1o TEKCTY U3JI0XKEHUE pe-
3yJIbTaTOB U OOCY3KJIEHUE X BEIETCSI UMEHHO B acrieK-
T€ PacpOCTPAHEHHOCTU PEKOMOUHALIY CPEAU BUPY-
COB, IIPOUCXONMBIIICHI MHOTOKPATHO B ITPOIILIOM.

Jns ymoObcTBa M YIPOIUEHMS BU3yalu3alluu
CeTH CBsI3eM MEXIy BHUpyCaMU MO HAJIWIWIO B HUX
I'TT u KIT B pucyHkax 1 1 3 ObIJIM UCITOJIb30BaHbBI
IBe TTapajjeIbHbIe MICHTUYHbIC KOJJOHKU, B CTPO-
KaX KOTOPBIX IIPUBEICHBI Ha3BaHUSI BUpYycOB. CTpo-
KU MEX1y KOJTOHKaAMU COEAUH SIIUCH MOMapHO B CO-
OTBEeTCTBUU ¢ HaauuueM y BupycoB ['T1 (mam KIT).
JIJ1s1 Kaxk 1oro BUpyca o011ee YUCJIO IPYTUX BUPYCOB,
¢ xotopeiMu oH paspeinser I'Il (uam KII), paBHO
CyMMe Jiyuyeil, UICXOISIIIMX OT Hero B IpaBo U Jie-
BOI KOJIOHKAaX.

B 1esiom uccaenoBanue nokasajio, yto I'T1 ox-
BaTBIBAIOT pa3HbIc Mapbl BUPYCOB M KaXXIbIA BU-
pyC OTJIMYAeTCs MO MHOXKXECTBEHHOCTHM M MHOIO-
kpatHocTu ['Tl. B aHanusupyemoii HaMu BbIOOpPKE
00BIIMHCTBO BUPYycoB ¢ (+)oHPHK, uTo oTpazkaer
CYIIECTBEHHOE MX IpeobJjiafjaHue Cpeau BUPYCOB
HE TOJIBKO 4YejoBeKa, HO M 3yKapuoT. M3 MHOro-
YUCJIEHHOro crucka BbIsgBJIeHHbIX nap ['TI ¢par-
MEHTOB Ha PUCYHKE 2 TpeACTaBJIeHbl HEKOTOpbIE
u3 Hux. [IpeacraBureneit Mononegavirales otnuyaet
OU3KOe TeHEeTUYECKOE PONCTBO, YTO YETKO IMPO-
CJIEXXMBACTCS B IOPSIAKE PACTIONOXKEHMSI TEHOB B X
reHOMaxX W HaJW4YUeM TMPOTSKEHHBIX TOMOJIOTHY-
HBIX TTOCJIeqoBaTeIbHOCTEN 0co0eHHO B reHe PHK-
nojsuMepasbl. [ToaTomy Ha pucyHke 2 He TIpeacTaB-
nenbl Te napbl I'TI, koTopeie 0Opa3oBaHBI ABYMS
npencrtaBuUTeasiMu Mononegavirales (BUPYChbl KOpPH,
napotuta, 96o01a u bopHa).

Ha pucyHke 1, oroGpakarolieM NonapHO CBSI3U
MEXIy BCEMM HCCJIEIOBAaHHBIMU HaMU BUpYyCaMMU,
BUIHO, YTO BUpYChl D6oia, mapotuTta u TOPC nme-
1ot I'TT ¢ HauGOABIINM UYKCIIOM BUPYCOB, B TO Bpe-
MsI KaK BUPYCHI KpaCHYXH, reraTtuTa A 1 rermatura B
HE UMEIOT UX C OOJIBIIMHCTBOM BUPYCOB. [TOCKOJIBKY
nepBble NpuHaiexat K Bupycam ¢ oHPHK pa3Hoit
MOJISIPHOCTU, TO U3 3TOTO MOXKHO ObLJIO Obl ITpeAno-
JOXUTh, yTo nojisipHocth PHK He siBasieTcst 6apbe-
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pOM ISl peKOMOMHAIIMM MeXay Bupycamu. OmHa-
KO, B MPOTUBOMNOJOXHOCTb BUPYCYy D0osa, 1pyrue
npencraBuTean cemeiictBa Mononegavirales — BU-
pychl KopH, mapoTtuTa, bopHa — 4aiiie Bcero He pas-
nenstiu I'T1 ¢ Bupycamu, nmerominmu (+) oHPHK.
O6mas ocobeHHOCTh BupycoB TOPC, D6oia u ma-
poTtuTa — camble OOJIBIITNE TEHOMbBI CPEAU MUCCIIEI0-
BaHHbBIX HAMU BUPYCOB (COOTBETCTBEHHO 29,75; 18,96
u 15 kb), a mepBble 1Ba U3 HUX UMEIOT HAaUOOJIbIIIE
cpean PHK-comepxkaiiyux BUPYCOB T€HOMBI, 4TO,
MO-BUAMMOMY, OIIpenessieT UX TOBBIIIEHHBIN IMO-
TeHIMAJI K PEKOMOMHALIMU U «aCCUMUIMPOBAHUIO»
BHEIPSIBIIUXCSI B MX T€HOM HOBBIX (PparMeHTOB.
Jdna BTOPC xapaktepHa m MHoOrokparHoctb I'TI
K OOJIBIIIMHCTBY BUPYCOB 1 OCOOEHHO K BUpyCaM JICH-
re, D6ousa v noanosupycy (no 10 paszubix I'TT). MeHb-
e mokasaresin no MHorokpatHoctu I'TI umeror
napel BTOPC—Bupyc naporuta, BTOPC—BUY 1,
BUY 1—-Bupyc nenHre, Bupyc renaruta C—BuUpyC
D0bona, BUpYC AeHre—BUpyc D6omaa. CrenyeT moa-
YEepKHYTh, YTO CBSI3HOCTH B Mapax BUPYCOB IO 00-
nmaganuio umu ['T1 (puc. 1) B 3HAYUTEIILHON cTeIe-
HU 00yCJIOBJIEHA BHEIPEHUEM B BUPYCHI C KPYITHBIM
reHoMoM (parMeHTOB TEeHOMa pa3HBbIX BUPYCOB
(M ¢ KpYITHBIM, 1 C MaJIbIM T€HOMOM) M, B MEHbIIICH
CTeIeHU, MPUOOPETEeHUEM BUPYCaMU C MaJIbIMU T'e-
HoMaMU (pparMeHTOB reHoMa IPYyTUX BUPYCOB.

Bupyc napoTuta
Mumps virus

Bupyc kopu
Measles virus

Bupyc kpacHyxu
Rubella virus

Bupyc renatnta A
Hepatitis A virus

Bupyc renatnta B
Hepatitis B virus

Bupyc renatuta C
Hepatitis C virus

Bupyc nonmomuenuta
Poliovirus

Bupyc 96ona
Ebola virus

Bupyc BopHa
Borna disease virus

Bupyc neHre
Dengue virus

Bupyc rpunna A
Influenza A virus

Bupyc 3uka
Zikavirus

BWY 1
Human immunodeficiency virus 1

Bupyc TOPC
Severe acute respiratory
syndrome-related coronavirus

Hawnbonee BbIpakeHHBbIE OTpaHUYEHUSI C pe-
KOMOMHAaIIMel y BUPYCOB KpacHyXHU, rematura A
u renatuta B (y Bcex Tpoux reHoMm (+)oHPHK)
HO-BUAMMOMY CBSI3aHBI C pa3HBIMU IIPUYMHA-
MH, B YUCJE KOTOPBIX MX YHUKAJIBHOCTH. K mpu-
Mepy, BHUPYC KpPacHYXM BBIIEISCTCSI Cpean BceX
PHK-conepxamux BUpPycOB HauboJyiee BBICOKHUM
npoueHToMm I'Ll (69,6%), 1 BTOpXKeHIE B €ro r'eHOM
¢dparmMeHTOB ¢ 6osiee HU3KUM TpoueHToMm I'll, kak
U BTOPXEHHUE B I'€HOM JIPYIMX BUPYCOB (pparMeH-
toB PHK ¢ Bhicokum npouentom I'Ll, nmpuBeso Obl
K CTPYKTYPHO-(YHKIIMOHAJIBHBIM  KOJJIU3USIM.
PHK Bupyca renmatuta A oTimMyaeTrcsa HauboJjiee
HuzkuM rnpoueHToMm 'l (37,9%) u mManoil IJIMHOIA.
Hns Bupyc rematuta B cBOCTBEHHBI OYeHb Ma-
JICHBKUI pa3Mep TeHOMa, YHHKAaJIbHAsI CPpeau BU-
PYCOB ero opraHu3anus (JaCTUYHO ABYCHUpaabHAas
JAHK) n HauboJiee CIOXKHBIN cpeau IPYTUX BUPYCOB
SKM3HEHHBIN IUKJI, KOTOPBIN OKa3aJcs B 9BOJIOLUU
MaJIOIEPCIIEKTUBHBIM, CYIs 110 KpalHEN MaJlouyuC-
nenHoctu rpymbl VII mo kinaccudpukanmu banrn-
Mopa, B KOTOpolu cemeiictBo Hepadnaviridae ipen-
CTaBJICHO JIMIIIb BUPYCOM remaTtuTa B.

KapTrHa pacnpocTpaHEHHOCTU CPeaUu BUPYCOB
KIT yactuyHo niepekpniBaeTcst ¢ TakoBou mias I'TI,
Ho B 1esioM, Kak u B cayudae I'TI, KIT oxBarbiBaloT
pa3Hble mapbl BUPYCOB 1 KaxXXIbIii BUPYC OTJIMYaAET-

Bupyc napoTtuta
Mumps virus

Bupyc kopu
Measles virus

Bupyc kpacHyxu
Rubella virus

Bupyc renatnta A
Hepatitis A virus

Bupyc renatuta B
Hepatitis B virus

Bupyc renatuta C
Hepatitis C virus

Bupyc nonmomuenuta
Poliovirus

Bupyc 36ona
Ebolavirus

Bupyc BopHa
Borna disease virus

Bupyc geHre
Dengue virus

Bupyc rpunna A
Influenza A virus

Bupyc 3uka
Zikavirus

BWY 1
Human immunodeficiency virus 1

Bupyc TOPC
Severe acute respiratory
syndrome-related coronavirus

PMCyHOK 1. Cxema CBS3HOCTU BUPYCOB MO HAJIN4YNIO B UX TeHOMaX rOMOJIOrMYHbIX nocneAOBaTeanocTeﬁ
Figure 1. Connection scheme of viruses according to the presence of homologous sequences in their genomes
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TCTCCATGGTGGGGAACTGGG

T I P I I O
TCTCTATGGTGGGGGACTGGC

TTGTACCATCAATTACACCAT

T A Y I A
TTCTACCATTAATTACACCAC

GCCTCACTGTAACCCAGCTCC

S T O I O I
TCCTCACTGTAAGCCAGCTTC

TCAATGCCGTGGCCTACTACC

T A B B A O
TCAATGCAGTGGCCTTCAACC

GGACCTGTGCGGGTCTGTCTT

T A O Y P
GGACCTGTGCGGGGCTGTGTC

ACATCACATCAGGATTCCTAG

T T O Y I O I
ACATCACATCAGGGATCCAAG

TAAACCTTATTATCCAGAACA

O O B AP
TAAACCTTATTATTCAGATTA

CAAGACGGCAGGGGTTGCTAT

T I O
CAAGGCGGCTGGGGTTGCTAC

ATTCAAGCACAACTAGAGTAA

T T O U O PR
ATTCAAGCACAACCAGATCAA

ACCAGAGATCCTTCTCTCGCT

A A P I B B O O
ACCAGAGATCCTGCTGTCTCT

CCACACCACCAGGAACCCGTG

T T I A O I R P IR N R A
CCACACCACCAGCGACCCCTG

ATACCAAAACAAAGTGGTGAA

F-rrrrrrrrrrrrarrrr.
ACACCAAAACAAAGCGGTGTA

CTAGCTGTGAATCTCCAGCAG

Lttt rr-rrrt
CTAGGTGTGAATATCAAGCAG

TAGCCATGACTGACACCACAC

Frrrrrrrrrrrrrrrrrrtd
TAGCCATGACTGACACCACAC

CCGGTGGCGGTGGTTCAGCCT

Lt rrrrrrr-rrr.rl
CCGGTGACGGTGGTCCAGGCT

cgCcCccGgCccCccCccCcGCcCcaGaGCTCCAC

O I O B B O
CTCCTGCCCCGCCGGCTACAC

(1425-1446) Bupyc renatuta C / Hepatitis C virus
(8147-8168) Bupyc 3uka / Zika virus

(2197-2218) Bupyc renatuta C / Hepatitis C virus
(807-828) Monnosmpyc / Poliovirus

(6189-6210) Bupyc renatuta C / Hepatitis C virus
(12003-12024) Bupyc 360na / Ebola virus
(4575-4596) Bupyc renatuta C / Hepatitis C virus
(3984-4005) Bupyc kopwu / Measles virus
(1174-1195) Bupyc renatuta C / Hepatitis C virus
(8209-8230) Bupyc Bophxa / Borna disease virus
(163-184) Bupyc renatuta B / Hepatitis B virus
(2161-2182) Bupyc napotuta / Mumps virus
(2694-2715) Bupyc renatuta B / Hepatitis B virus
(10676-10697) Bupyc 96ona / Ebola virus
(863-884) Bupyc napoTtuta / Mumps virus
(7600-7621) Bupyc kpacHyxm / Rubella virus
(8132-8153) Bupyc napotuta / Mumps virus
(3610-3631) BMY 1 / Human immunodeficiency virus 1
(6397-6418) Bupyc napotuta / Mumps virus
(10651-10672) Bupyc geHre / Dengue virus
(5549-5570) Bupyc 3uka / Zika virus
(9183-9204) Bupyc kpacHyxwu / Rubella virus
(9372-9393) Bupyc 3uka / Zika virus
(3393-3414) Nonnosupyc / Poliovirus
(10622-10643) Bupyc 3uka / Zika virus
(4977-4998) BUY 1 / Human immunodeficiency virus 1
(8678-8699) Bupyc 3uka / Zika virus
(8591-8612) Bupyc aexre / Dengue virus
(1005-1026) Bupyc kpacHyxu / Rubella virus
(339-360) Monuoswupyc / Poliovirus

(1691-1712) Bupyc kpacHyxwu / Rubella virus

(4731-4752) Bupvc 36ona / Ebola virus

PucyHok 2 (1-i1 pparmeHT, oOKOH4YaHUe Ha c. 398). lomonormyHble pparMeHTbl reHOMOB BUPYCOB
Figure 2 (1%t part, last part see on page 398). The homologous fragments of virus genomes

MpumevaHume. B ckobkax ykasaHa no3uumns ¢parmeHTa B reHomHo PHK nnn JHK.

Note. In parenthesis the position of the fragment in genome RNA or DNA is presented.
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AATCAGACAATTGTATCATAA

Lttt rrrrerra et
AATGAGACAATTGTTTCATCA

AGGCATTCTTCATCTCCTTTT

Lttt
AGGCATTTTTCTTCTCCTTTT

TCAGCTCACACCCCTTGAGAG

e e
TCAGCTACCACCGCTTGAGAG

AAAGAAAAGCTGGCCTAACAA

T T I Y N R B
AAGGAAAAGCTGGCCTCTCAA

AAAAGTGATACAGCAAATTTT

LIttt et
AAAACTGATACACCAGATTTT

CAGAGGAGAGCAAGAAATGGA

I O A I A O A O O B O R B
CAGAGGAGAGGAAGAATTGGA

CTTTTGGAAGAGAAACAGTTA

Lttt
CTTTTGAAAGAGCAACCGTTA

AGAATCAAAACTATGCCTTGC

T T P OO I
AGAATCAAAACTAGGCTTTTC

ACCCTTTAGAGACTATGTAGA

e
AAACTTTAGAGCCTATGTAGA

TATATGAACTCCCAGGGGCTT

Lottt rrrrrd
TACATGAACACCCCGGGGCTT

TGTCATAACTACTAAAATCTC

T I O R B B P O IR I B
TGTCATAACAACTGACATCTC

TTCTTGCTGCATTGGTTTGTT

T T Y Y O P
TTCTTGCTGCATTGGTTAAAT

AGGAACTGTATCCTGGAATTT

T T I B N A
AGGAACTGTATCCTTTAACTT

(722-743) Monnoswupyc / Poliovirus

(11693-11714) Bupyc kopu / Measles virus

(10706-10727) Bupyc 960na / Ebola virus

(4678-4699) Bupyc renatuta A / Hepatitis A virus

(7379-7400) Bupyc S60na / Ebola virus

(8066-8087) BMY 1 / Human immunodeficiency virus 1

(3105-3126) Bupyc 96ona / Ebola virus

(4122-4143) Bupyc geHre / Dengue virus

(11914-11935) Bupyc kopu / Measles virus

(2232-2253) Bupyc neHre / Dengue virus

(5360-5381) BMY 1 / Human immunodeficiency virus 1

(5887-5908) Bupyc neHre / Dengue virus

(2227-2248) Bupyc renatuta B / Hepatitis B virus

(1255-1276) Bupyc rpunna A, 6enok NP / Influenza A virus, NP protein

(5573-5594) Bupyc napotuta / Mumps virus

(507-528) Bupyc rpunna A, reH PA/ Influenza A virus, PA gene

(1207-1228) BUY 1 / Human immunodeficiency virus 1

(680-701) Bupyc rpunna A, reH PA/ Influenza A virus, PA gene

(11658-11679) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus
(4964-4985) Bupyc renatuta C / Hepatitis C virus

(8450-8471) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus
(5814-5835) Bupyc 3uka / Zika virus

(8536-8557) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus
(3586-3607) Bupyc renatuta A / Hepatitis A virus

(4295-4316) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus

(1776-1797) BUY 1 / Human immunodeficiency virus 1

PucyHok 2 (okoH4yaHue, 1-i1 pparmeHT Ha ¢. 397). FlomonornyHbie pparMeHTbl reHOMOB BUPYCOB
Figure 2 (last part, 15t part see on page 397). The homologous fragments of virus genomes

csl IO MHOXXECTBEHHOCTU M MHOrokpaTtHoctu KII.
Ha pucynke 4 mpencrtasieHbl npuMepbl nap KIT
PHK-conepxamux BUpyCOB U BUpYC remaruta B, a
Ha PUCYHKEe 3 cCXeMaTUYHO MpeacTaB/ieHa CBI3HOCTh
Ka>XJIoro BUpyca ¢ TEMU BUpYCcaMU, C KOTOPbIMU OH
pasnensiet KIT.

AHanornyHo pacnpoctpaHeHHoctu [TI cpenu
BUPYCOB, OIUH U TOT XK€ BUPYC MOXET UMETh B €TO
reHome Heckosbko KII Kk reHOMy Apyroro BUpY-
ca UM BOBCE UX HE UMETh. 3aBEOMO OBLIO Mpe.-
CKa3zyeMo, UTO BUPYC KPAaCHYXHU, UMEIOLINN pEe3KO
otnyHbIt oT npyrux PHK-coaepxamiux Bupycon

HYKJICOTUIHBIN COCTaB reHOMa, OYAET OTINYAThCS
MO0 MaKCUMaJIbHOMY YHCJTy BUPYCOB, K KOTOPBIM OH
He numeet KIT. ITo aToMy mokaszaTesito BUpyc KpacHy-
X MUHUMAaJBHO YCTYTIAIOT JIMIIIb BUPYCHI TeMaTH-
Ta B, 3uka, bopnau BUY 1. BTOPC, xak u B ciiyyae
pacnipoctpaneHHocTu I'TI, mmeer KII K reHomam
BCEX JIPYTUX HCCIIENOBAHHBIX BUPYCOB (32 UCKIIO-
YeHUeM BUpyca KpPacHYXH), U eMYy YCTYMNaoT JIUIIb
BUPYCHI TAPOTUTA, KOPH, TpUTITIa A 1 ieHTe. MHOTO-
kpatHOCcTh KITy BTOPC ocobeHHO BBICOKA K BUDPY-
caMm renatuta C u D6osa, MOMEHbIIIE OHA K BUpycaM
JIeHTe, BUPYC KOPH, BUPYC r'eraTuTa A v BUPYC Imapo-
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tuta. ITo HeckoJibKo KIT BBISIBJIEHBI B TAKUX Mapax
BUPYCOB Kak BUpYyc renaruta C—IojimoB1upyc, BUPYC
renatuta C—BUpYyC AeHIe, BUPYC MapoTUTa—BUPYC
neHre, Bupyc nmaporuta — BUY 1, Bupyc Kopu—Bu-
pyc renatuta A, BUpyc D0oa—BUpyC renaturta A.
Yro kacaercs pacrnpocTtpaHeHHocTU ayToKII
IUINHOM B 21 HYKJICOTHUI C YPOBHEM KOMILJIEMEH-
TApHOCTU > 18 HYKJIEOTUIOB, TO JUIIb B T€HOME
BTOPC, BupycoB kpacHyxu U renaruta C uUx He-
CKOJIbKO, a'y oCcTaJbHbIX 11O 1 1160 0. OmHakKo ayTo-
KIT menpurein juunsl (< 18 HYKJIEOTHIOB) ObLIM
MHOT'OYUCJIEHHBI ¥ BCEX MCCICIOBAHHBIX BUPYCOB,
YTO IIpeArojaraeT, ¢ OOHOM CTOPOHBI, HAIUJIHUE
Y BHPYCOB pPa3BETBJICHHOW BTOPUYIHON CTPYKTYPHI
oHPHK, u, ¢ npyroii CTOpoHBI, BO3MOXHOI cIOCO0-
Hoctu PHK nymiekcupoBaThces Mpy perjinKalum.

Ob6cyxaeHne

Pons BHPHK paccmarpuBanach HEOOQHOKPATHO
B OOIIMPHBIX 0030pax B pa3HBIX acrekTax [5, 11, 19],
U B OOCYXJEHUU TOJYUYEHHbIX HAMU PE3yJbTaTOB
OyIyT 3aTPOHYTHI APYTHe ACMEKThl UX BO3MOXHBIX
dbyHK1UU. BbISIBJIEHHBIE B HACTOSIILIEM MCCJIeIOBa-
HUW B T€HOMaxX BUPYCOB 3 KaTeropuu MocjenoBa-
tenbHocTeil — ayToKII, I'TT u KIT — noreHunanbHO

Bupyc napoTuta
Mumps virus

Buipyc kopu
Measles virus

Bupyc kpacHyxu
Rubella virus

Bupyc renatuta A
Hepatitis A virus

Bupyc renatnta B
Hepatitis B virus

Bupyc renatuta C
Hepatitis C virus

Bupyc nonvomuenuta
Poliovirus

Bupyc 36o0na
Ebolavirus

Bupyc BopHa
Borna disease virus

Bupyc neHre
Dengue virus

Bupyc rpunna A
Influenza A virus

Bupyc 3uka
Zika virus

BWY 1
Human immunodeficiency virus 1

Bupyc TOPC
Severe acute respiratory
syndrome-related coronavirus

MOTYT UT'paTh POJb B Pa3JIMUYHBIX Mpolieccax XKUu3-
HEHHOTIO LIMKJa BUPYCOB Y COOTBETCTBEHHO BJIUSTH
Ha TeyeHUe UHMEKIIMOHHOIo Mpolecca, KOTOPBIA
OHM BBI3BIBAIOT y yesioBeKka. Tak ayToKIT u KI1, B mo-
MOJHEHUE K TOYCYHBIM MYTaLIUSIM, KOPOTKUM JeIe-
OMUSIM 1 BCTaBKaM B TeHOME BHpyca, CIIOCOOHBI 00¢-
CMEYUTh BHYTPUTEHOMHYIO PEKOMOUHAIIUIO MEXY
pa3HbIMU €ro HmTaMMaMUu U obecrneyrBaTh TEM Ca-
MBIM 0o0Jiee ObICTPBIN (CKAaUKOOOpa3HbI) MEXaHU3M
M3MEHUYMBOCTU BUpYyCa, PE3KO M3MEHSISI ero maro-
TeHHOCTb U aHTUTeHHOCTh. OOHOBJICHHAsI aHTUTEH-
HOCTb OyIeT IPOSIBISTHCS B clydae CABUTA paMKU
TpaHCIMPOBAHUS HOBOTO (hparMeHTa reHoMa, oope-
TEHHOTO B pe3yjbraTe peKoMOMHanmuu, Ha 1—2 Hy-
KJeoTuaa. MHOro4YuciaeHHOCTh KOpOoTKUX ayToKII
u KII B reHOMax BUPYCOB, B YACTHOCTU Y BHUPYCOB
¢ oHPHK, mno3BosisgeTr dhopMupoBaTb MHOXKECTBO
BapUMaHTOB JYIJEKCOB MEXIy reHOMaMu IpU WH-
(PEeKLU KJIeTKHU, ITPU 3TOM Pe3yJIbTaTOM PEKOMOU-
HallM1 MOXET ObITh KaK IMMpUoOpeTeHUe ero reHamu
HOBBIX (DPAarMEHTOB JIMOO YTPAThl B HUX OTACIBHBIX
(dparMeHTOB. XOTS PeAKMUM, HO BO3MOXHBIM COObI-
THEeM MOTJI0 661 ObITh yuacTue ayToKIT u KITs PHK/
PHK-pekoMbuHamu, npuBoAsiiei K peakThuBalluu
neeKTHBIX MEPCUCTUPYIOLINX BUPYCOB, B YACTHO-
CTU BUPYCHBIX LITAMMOB, UCHOJb3YEMbIX B >KUBbIX

Bupyc napoTtuta
Mumps virus

Bupyc kopu
Measles virus

Bupyc kpacHyxu
Rubella virus

Bupyc renatuta A
Hepatitis A virus

Bupyc renatunta B
Hepatitis B virus

Bupyc renatuta C
Hepatitis C virus

Bupyc noavomunenuta
Poliovirus

Bupyc 36ona
Ebola virus

Bupyc BopHa
Borna disease virus

Bupyc neHre
Dengue virus

Bupyc rpunna A
Influenza A virus

Bupyc 3uka
Zika virus

BWY 1
Human immunodeficiency virus 1

Bupyc TOPC
Severe acute respiratory
syndrome-related coronavirus

PVICyHOK 3. Cxema cBSI3HOCTHU BUPYCOB MO HAJIN4YUIO B UX TEHOMAaX KOMMJIEMEHTapPHbIX

nocnenoBaTeNibHOCTEN

Figure 3. Connection scheme of viruses according to the presence of complementary sequences in their genomes
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ATGACTACTTGGTCTCTACAC

P T I O I O R P
GACTGATGATCCAGAGATCTG

CTCTTGTGCAACCTGTGGGTG

S T I Y A O O B R O
AAGAACACGTTGGTAACCCAC

ATCTGCCAACAATGTGTGATA

T T T T O O I O O
TAGACAGGTGTTACACACTCT

GCGGTCAGATCGTTGGTGGAG

Lottt rrrrrd
CACCAGTCTAGGAACCACCTC

TATCATCTTCCTCTTCATCCT

Lottt rrrrrrrrend
ACAGTAGAGAGAGAAGTAGGA

ATCTTACTCTCTCAAGGAGAA

Lttt rrrrrrrnd
TAGAAGGAGATGGTTCCTCTT

AATTAAAATTTACCCCTGCAA

Pttt rrerrrrr
TTCTTTTTAAATGGGGATGTT

GCACATGTAATACTTGCCCAG

T I O I O R R AR B
CGTGTACTTTATGAACAGGTC

ATCTGTGAATGTAAACTCCAA

T T I O O A
TCGACACGTACATTTGAGGGT

GTTCAACAGCAACAACCTGCT

T T T I A O A O A O
CAAGTTGTCGTTAGTGGACGT

ACTGGGGATCTTCTTCGTCTT

P T T A O PO
AGACCCCTAGAAGAAGCAGGA

GCCCCCACCTCTGGCTTGCGG

FErra ettt
CGGGAGTCGAGATCGAACGCC

CCTGTCACTCTCTCCAGCTTC

S I T A Y O O A A R O
AGACAGAGAGAGAGGTGGAAG

GGCTGATGATTTCCAGCAAGA

Lottt
CAGACTACTAAAGCTCTTTCT

ACACGACATATCTTTCCTTGC

Firartrrrrrerrrec i
TGTTCTGTATAGAAACTAACG

GGTTTGTTCCTGACACCGGCC

Lttt rrrrrarrrrrend
CCAAATAAGGACGGTGGCCGG

(11626-11644) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus

(2161-2143) Bupyc renatuta B / Hepatitis B virus

(9292-9310) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus

(7153-7135) Bupyc napotuta / Mumps virus

(14745-14763) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus

(3177-3159) Bupyc 3uka / Zika virus

(420-438) Bupyc renatuta C / Hepatitis C virus
(3380-3362) Monnosupyc / Poliovirus
(395-413) Bupyc renatuta B / Hepatitis B virus
(4408-4390) Bupyc eHre / Dengue virus
(10080-10098) Bupyc napotuta / Mumps virus
(4479-4461) Bupyc 3uka / Zika virus
(12353-12371) Bupyc napotuta / Mumps virus
(7429-7411) Nonunosmpyc / Poliovirus
(11632-11650) Bupyc napotuta / Mumps virus
(14505-14487) Bupyc 96ona / Ebola virus
(5969-5987) Bupyc napotuta / Mumps virus
(9707-9689) Bupyc kopun / Measles virus
(1405-1423) Bupyc napotuta / Mumps virus
(4822-4804) Bupyc LeHre / Dengue virus
(6645-6663) Bupyc 3uka / Zika virus
(1328-1310) Bupyc BopHa / Borna disease virus
(3902-3920) Bupyc kpacHyxu / Rubella virus
(13401-13383) Bupyc kopwu / Measles virus
(2016-2034) Nonnosupyc / Poliovirus
(7995-7977) B4 1 / Human immunodeficiency virus 1
(9658-9676) Bupyc 96ona / Ebola virus
(7204-7186) Bupyc bopHa / Borna disease virus
(14891-14909) Bupyc 36ona / Ebola virus
(4881-4863) Bupyc renatuta A / Hepatitis A virus
(3157-3175) Bupyc kopwu / Measles virus

(3749-3731) Bupyc bopHa / Borna disease virus

PucyHok 4 (1-i ¢pparmeHT, okoH4aHue Ha c. 401). KomnnemeHTapHble pparMeHTbl FeHOMOB BUPYCOB
Figure 4 (1%t part, last part see on page 401). The complementary fragments of virus genomes

MpumeuaHue. B ckobkax ykasaHa no3unums dparmeHta B reHomHoin PHK nan AHK.

Note. In parenthesis the position of the fragment in genome RNA or DNA is presented.
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ACATTTTTTTGTCTATTCAAA

T T I O O P O B I R O
TGTTAAAAAACAGGTTAGTTT

AGGTGGATCTCCTCTACGCAT

T T Y PO P B
TCCATCTAGAGGAGAAGAGTA

TGGGCATCCATGTTGCTGGAG

T Y PO I B O
ACCCGGAGGTACAACCACTTC

AATGCTTATTATATTTTGGTT

I e i I B I N A N I
TTACCAATAATAGAAAACCAA

TTCCTTCTGGCCCTGCTCTCT

Pl bttt
AACTAAGAACGGGACGAGAGA

GTTTTTGCCTTCTGACTTCTT

Frrrrrrr-rrrrrrrrn
TAAAAACGGCAGACTCAAGAA

(11713-11731) Bupyc kopwu / Measles virus

(7049-7031) Bupyc renatuta A / Hepatitis A virus
(1743-1761) Bupyc bopHa / Borna disease virus
(6150-6132) Bupyc nexre / Dengue virus

(5852-5870) Bupyc renatuta A / Hepatitis A virus
(9422-9404) Bupyc peHre / Dengue virus

(12706-12724) Bupyc TOPC / Severe acute respiratory syndrome-related coronavirus
(29-11) Bupyc rpunna A, red NA/ Influenza A virus, NA gene
(869-887) Bupyc renatuta C / Hepatitis C virus

(514-496) Bupyc rpunna A, reH PA/ Influenza A virus, PA gene
(1952-1970) Bupyc renatuta B / Hepatitis B virus

(2271-2253) Bupyc rpunna A, red PB1/ Influenza A virus, PB1 gene

PucyHok 4 (okoH4yaHue). KomnnemeHTapHbie pparmMeHTbl FEHOMOB BUPYCOB
Figure 4 (last part). The complementary fragments of virus genomes

BaklIMHax. HamoMmHaHMeM 0 BO3MOXHOCTHU TaKOT'O
CIIeHapHsl CIIY>XKUT U3BECTHBIN MeYaIbHBIN ITpUMep
C KMBOI MOJMOMUEIUTHON BaKnMHOI. WMcroib-
30BaHUE XXKUBBIX TPUIIIIO3HBIX BAKIIUH TaKXe TauT
OINAaCHOCTb PEBEPCUPOBAHU S BAKIIMHAJIBHBIX IIITAM-
MOB B nukue. OHO MOXET peaan30BaThCs MO JaBHO
00CyXJaeMOMY MEXaHU3My, COIJJaCHO KOTOPOMY
PHK-3aBucumas PHK-nmonumepasa, ckojb3sinas
B Mmpoliecce peruiMkauuu 1o ogHol Hutu PHK,
MOXKET MEePEMECTUTHCS (HEOMHOKPATHO) Ha NPYTYIO
KOMITJIEKCUpOBaHHY10 ¢ Hell HuTh PHK, obecrnieuu-
Basi OOMEH TeHEeTUYEeCKUMU (parMeHTaMu MEXIy
perutnuupyeMbiMu HutssmMu PHK [15]. OueBuaHo,
YTO yCIIeX U 4YacTOTa PEeKOMOMHAIIMU MEXY IITaM-
MaMM OyIeT omnpeneysiThCs YPOBHEM KOHCEpBaTHUB-
Hoctu ayToKIT n KIT B ux reHomax.

ITockonbky oHPHK-conepxaliue BUpychl uMe-
10T MHOXecTBO ayToKII, uTo mo3BoisieT hopMupo-
BaTh UX FEHOMAaM pa3JNYHble BapUaHTHl QOIIUHTA
U aCUMMETPUYHbIE U3 HUX NYTUJIEKCHI, TO MPU 3apa-
XKEHUHW OpraHu3Ma Jaxke OMHUM BUPUOHOM MOXET
Pa3BUTHCSI XPOHUYECKU I MHGMEKIITMOHHbIH ITpolecc
C peruiMkKaliMeilr MHOXeCcTBa BapMaHTOB IreHoMa 3a-
pa3uBIIEro OpraHM3M BHUPHOHA, B KOTOPBIX Jeje-
WU ¥ BCTAaBKU OYIYT MOPOKICHBI IO YIIOMSIHYTO-
My MexaHuszMy cmeHbl Matpulibl PHK-3aBucumoit
PHK-ntotumepa3soii. Takoii cieHapuii He UCKJTIOUEH
npu BUY-undexkuum, nockoabky B 70—80% ciyua-
€B JOCTAaTOYHO OJHOr0 BUPUOHA JIMOO MHPULIUPO-
BaHHOU UM KJIETKU, AJISI TOrO YTOOBI YCTAaHOBUJIACh
NPONYKTUBHAS KJIMHUYECKas: MHMEKIIMS, U BTOPI-
IIUICS B OpraHU3M BUPUOH BCKOPE 3BOTIOLIMOHU-
pPYET B pa3Hble ITOATHUITHI [9].

Ecnan ayToKII xopoiio o0bsicHUMa U3MEHYUBO-
CThIO MOATUNOB BUpyca, TO Npu KonmHpekuu KIIT
Mexny pasHbiMu Bupycamu (¢ oHPHK) nmo3BossiioT
peanuzoBatbh Mexny Humu PHK/PHK pekombuHa-

LU0 TI0 MEXaHWU3MY CMEHbBI MAaTPUIIbI PETLINKAIUH,
JTaXe eCqM TeHOMbI BUPYCOB Pa3HOU TIOJSIPHOCTH,
4TO SIBJISIETCSI HAWKpaTdyallliuM TIyTeM CO3MaHUs
MHOroo0paasusi BUPYCOB B 3BOJIIOLIMU. 3aMeTUM,
YTO H3BOJIIOLMUS BHUPYCOB CIYXUT YOEAUTEIbHBIM
MPUMEPOM TOTO, UTO TMPUPOAA HE POCKOILIECTBYET
CBOMMM peCypcaMu U MPUHIIUIT SKOHOMUU IEUCTBO-
BaJI IIPU CO3TaHUU UX MHOrooOpas3us. XapaKTepHO,
4TO Ha ypOBHE OaKTepuii IpeBaJUpyrOT OAKTEpUO-
¢daru ¢ nBycriupanbHoii JIHK, a Ha ypoBHe sykapuort
1 0COOEHHO MJIEKOITUTAIONIUX ITPpe00JIafaeT pacipo-
cTpaHeHHOCTh BUpycoB ¢ oHPHK, mpuuem uucieH-
HOCTb BUpPYCcOoB ¢ (+)oHPHK HaMHOro BbIiIe TAKOBOM
y BupycoB ¢ (—)oHPHK. Ilouemy Takasi pazHuua?
Bo-niepBbix, «MaTepuanbHbie» U BPEMEHHbBIE 3aTpa-
Thl Ha BocripousBeneHue JAHK-conepkamux Bupy-
CcOB BhbIlIe, yeM Ha Bupychbl ¢ oHPHK. Bo-BTopbix,
co3naHue mHoroo6pasust PHK-conepxaiux Bupy-
COB U Tpollle, u 6picTpee y BUpycoB ¢ oHPHK o6eunx
nojsipHocTeid. B-TpeTbux, mpeobiiagaHue YUCIICH-
HocTu BUpycoB ¢ (+) oHPHK Hanm Bupycamu ¢ apy-
TUM TUTIOM HYKJIEMHOBOM KHUCJIOTHI MOXKHO OBLJIO ObI
OOBSICHUTh BPEMEHHBIM MPEUMYIIIECTBOM — UX Te-
HOM TIpU TIOTIaIaHNU U B KJIETKY MOXET MpPsSIMO (PyHK-
uroHupoBatb kKak MPHK.

CylllecCTBOBaHME B BUPYCHBIX T€HOMax O0OUX
nonsgpHocteil kak ayToKII, tak u KII, no3sBoJisito-
LIUX peajn30BaThbCd MEXaHU3MY CMEHBI MaTpPUIIbI
perIMKalu, ChIrpaso, MO-BUAMMOMY, pellaio-
IIYI0 pOJib B BOBHUKHOBEHUW MHOT0O0Opa3usi MX
MpeAcTaBUTENIed, HanmpuUMep B MUHYC-TEHOMHBIX
ceMelicTBax Topsinka Mononegavirales iy TIIIOC-
reHOMHOM ceMelicTBe Picornaviridae, OTINYAIOIINX~-
Csl OTHOTUITHOCTHIO OPTaHU3aIMU TIOPsAKAa TEHOB
B WX I€HOMax MW BapbMpPOBAaHUEM pPa3MEPOB T'€HOB
U BbIpaxxeHHoU romoJjorueid nx PHK-3aBucumbIx
PHK-nonumepas. [Tomumo yuactus KIT B popmu-
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POBaHUU MHOroobpa3usi BUPYCOB B MPOILIECCE DBO-
JTIIOLINH, B CJTydae BUPYCOB, UMEIOIMINX (hparMeHTap-
HBI reHoM U MHOXecTBoO KIT Mexay ¢pparmMmeHTamu
ux reHomoB, KIT Mornu 6s1 c1y>XuUTh Kak (hakTophl,
obecrnieyMBarpIlie Mpu COOPKE BUPHOHOB KOM-
TJIEKTAIIMIO TIOJTHBIM HAOOPOM MX T€HOB, HaIIpUMep
B CJIydae BUpYyca rpUIITa.

Oonapyxenue I'TI cpenu PHK-comepxkamimx
BUPYCOB IIOATBEPXKIACT CYIISCTBOBAaHUE B IIPH-
polie MHOXECTBEHHOI TI1yOOKOl peKOMOMHAIUuU
cpenu Bupycos [8, 10, 17], koTopast MOTJIa OBI TIPO-
UCXOOUTh MPU KOMHOUIMPOBAHMU MMM UesioBeKa
WJIW B OIPYTUX OOIIMX IJIST HUX Xo3seBax. He ciaemy-
eT moJjaraTh, 4TO HaJuuyue B reHoMax Bupycos I'TI
00s13aTeIbHO O0TOOpaKaeTcss B TOMOJIOTUYHbBIE Tell-
TUIHBIE TTOCTIEA0BATEIBHOCTH TeX OCJIKOB BHPYCOB,
Ha TeHbl KOTOPBIX MPUXOASATCSI COOTBETCTBYIOILINE
I'TI, Tak KaK paMKa CYUUTHIBAHUSI peKOMOUMHUPOBaH-
HBIX (pparMEHTOB MOXKET ObITh CABUHYTA Ha 1 UK
2 nykneotuna u I'Tl B reHoMe MOT'YT COOTBETCTBO-
BaTh COBEPIIIECHHO HECXOAHBIC TTOCIEA0BATEIbHOCTU
MNENITUAHBIX (hparMeHTOB. [103TOMY CyIUTh O IIPO-
HMCXOXJICHUH OSJIKOB TOJIBKO IT0 CPaBHEHUIO UX MeP-
BUYHBIX CTPYKTYP ObLJIO Obl HeMOCTaTOuHO. B ciyuae
e OTCYTCTBUS CABUTA PAMKU CUMTHIBAHUS PEKOM-
OMHUPOBAHHBIX (PParMEHTOB I'€HOB y pa3HbIX BUPY-
COB, B COOTBETCTBYIOIINX OellKaxX, (PYHKIIUU KOTO-
DPBIX COBEPIIIEHHO Pa3JIMYHbI, MOTYT ObITh BbISIBJICHBI
TOMOJIOTUYHbBIE MJIN JaXXKe WACHTUYHBIC TelTariell-
TUIBI, YTO MOXKET ITOCITYKUT IOTOJTHUTEILHBIM UC-
TOYHUKOM TTOJIMPEaKTUBHOCTA aHTUTE] U OIINOOK
nMMyHonmarHoctuku [2, 3]. o cymiecTBy pacrpo-
ctpaHeHHOCTb I'T] B reHoMax BUPYCOB MpeanogaraeT
HaJIN4YHe TTeNTUIHOTO KOHTUHYYyMa POICTBa OCJIKOB
Bupycos [2]. Kogupyemsbie I'T] renranenTuabl MOTYyT
COCTaBJISATh «SIIPO» SITUTONOB, y3HABACMBIX O0OMMHU
KJaccaMM IJ1aBHOTO KOMILIEKCA TUCTOCOBMECTUMO-
CTU, U OBITh IPUIYNHOU T€TEPOJIOTMIHOIO UMMYHU-
TeTa, oA KOTOPHIM MOHMMAaeTCsI (eHOMEH peaKTH-
BallMM BTOPBIM HEPOICTBEHHBIM BUPYCOM T-KJIETOK
HaMsITH, TCHEPUPOBAHHBIX B OTBET Ha paHee Tepe-
HECEHHYI0 MH(EKIIMIO IPYTUM (TIEPBBIM) BUPYCOM,
coliepXKalliuM B ero 0e1Kax roMOJIOTUYHBIE KO BTO-
pomy Bupycy snutonsl [16]. IIposiBiieHue rerepoJio-
TMYHOTO UMMYHHUTETa MOXET OBITh IBOSKUM. Ecin
MHIYIUPOBAaHHBIC BTOPHIM BUPYCOM aHTHUTEIA TNOO
apdexkTopHbie CD8 T-mtumMdoLuTsl K NEpBOMY BU-
pycy o0amaroT MpOTEKTUBHBIM 3(D(MEeKTOM NpOTUB
caMoro BTOPOIo BUpyca, TO OHU O0CJIa0sT MO0 BOBCE
3a0JIOKUPYIOT pa3BUTHE MH(PEKIITMOHHOTO Tpoliecca
y ManueHTa, a npu cjiaboit nx adpPUHHOCTU UHIY-
OoupyeMast UMW peaKTUBALlus MMMYHHOMN CUCTEMBI
JIVIIB YCUJIWT €€ TIOBpexXaaroliee ASUCTBHAE Ha Op-
raHu3M, OOyCJIOBJIMBas 0oJiee TSKea0e TeYeHUe NH-
dexuu, BEI3BAHHOM BTOPHIM BUPYCOM.

B npakTuyeckoM acmnekTe 3acayXUBalOT BHUMa-
TEILHOTO M3YUYCHUs TPOSIBICHUS B3aUMHOIO TeTe-
POJIOTUYHOIO MMMYHUTETa TIpU MHOUIIMPOBAHUU
JIeTell BUpyCaMU KOPH M TApOTHUTA, IIOCKOJIBKY OSJIKI
9TUX BUPYCOB COMEPXKAT JaxKe IIUHHBIC UACHTUIHBIC
rnocJieioBaTeIbHOCTU. I3BECTHO, YTO aTTEeHYMPOBaH-

Hasl KopeBasi BaKIIMHa 001aJaeT MPOTEKTUBHBIM (-
¢dexToM, yMeHbIasi 3a00JIeBa€MOCTh U CMEPTHOCTh
OT HEPOICTBEHHBIX MaToreHos [6]. Haanmune MHOXe-
crBa ['TI Mexxny BUpPYyCOM KOpHM U K BHUPYCY IapOTH-
Ta MOXET IOCITYXXUTh MEPCIEKTUBOM sl CO3TaHUS
NenTUIHON, PEKOMOMHAHTHONM UM FeéHHOU BaKIIU-
HBI, aKTUBHOI MPOTUB HUX 000uX. [TocKonbpKy Hau-
oonee kpynHbie PHK-conepxaiiue Bupycel (BTOPC,
BUPYCHI D00j1a U MapOTUTA) OTIMYAIOTCS Hanboee
BBICOKMM coaepxkanneM I'TI K apyrum BUpycawm,
M, CJIeIOBaTeIbHO, MMEIOT HanboJIee MpeaCcTaBUTEIb-
HBbIIT HA0OP UMMYHHBIX SITUTOIOB, POACTBEHHbBIX Ta-
KOBBIM Y Pa3HbIX BUPYCOB, TO, UMeS B BUY CIIOCOO-
HOCTB BaKIIH BbI3BIBATH T€TEPOJIOTMYHBIC 2(D(PEKTHI,
ObLJI0 ObI UHTEPECHO MPOCJICAUTh, KaK BaKIIMHALIUS
IPOTUB BUPYCOB D00JIa W ITApOTUTA aCCOIMUPYET-
¢l Y UMMYHU3UPOBAHHBIX JIMIL C TPOTUBOCTOSTHUSIM
K OPYTHUM HEPOICTBECHHBIM MHMEKIUSIM U TIOSBJIC-
HUEM B UX aJaliTUBHOM UMMYHHOI CUCTEME KJIETOK,
PEaKTUBHBIX K X BO3OYIUTEIISIM.

I'TT u KII, obpasyloniuecss B mpoliecce Jaerpa-
Jauuyu  BUpycHoil reHomHoit uau MPHK, nu6o
TPAHCKPUIITHI C HUX OT OJHOTO BHpPYCa, CBSI3BIBASICH
¢ GenKaMu X03siMHa, MOIJIX Obl OJIOKMPOBATh PEIIv-
Kallio, TPAHCKPUIILIIO U TPAHCISILIAIO APYTUX BU-
PYCOB IpU KOMHMEKIINU, YTO MOXKHO paccMaTpuBaTh
Kak nposiBieHue untepdepeHunu. Murepdepenus
BUPYCOB — IIMPOKO PACIIPOCTPaHEHHBIN (heHOMEeH
CpeIu BUPYCOB >XWBOTHBIX (IIEPBOHAYAJIBHO ObLI
orrcaH y 6akTeprodaroB) 1 ONpeaesieTcsl Kak B3a-
MMOJICICTBUE BUPYCOB, MPU KOTOPOM ITPOUCXOOUT
nomaBJieHUe OMHUM BHUPYCOM PEITPOIYKIINH APYTOrO
BUpYyca U U3MEHEHUE UM MHMEKIIMOHHOrO Ipoliecca
TMOCPEACTBOM COYUYaCTUS Pa3IMUHBIX MOJICKYJISIPHBIX
mexaHusmoB [1]. Tlpu pacrmpocTpaHEHHOCTH BE3U-
KYJSIPHOTO TPaHCIOPTa MOJIEKYI U Ja’Ke BUPUOHOB
U3 KJIETKU B KJIETKY KOMH(DUIITMPOBAHWE OTHOW U TON
KJIETKW IBYMS Pa3sHBIMHM BHpPYCaMH MOIJIO OBI OBITh
HEpPeOKUM COOBITHEM, OITHAKO BCTPEUYACTCSI OHO PEi-
KO, UTO MOIJIO Obl OBITH OOYCJIOBJIEHO CYIIIECTBOBAHU -
eM MHTepdEePECHIINT MEX Ty BUPpyCaMU, pean3yeMbIid
yepe3 MexaHus3M, nonooHbiil cucreme CRISPR/Cas
OakTepuil u apxeii. He sicHO, KOTOpPBI U3 Tapbl BUPY-
coB ¢ I'TT 1 KII 6yaeT 1TOMUHUPYIOIINM TP KOUH-
duLIMpOBaHUU, HO OYEBUTHO TO, UYTO UCXOO UHTEepde-
PEHIINH OYIIeT OIPEACIATHCS MHOXECTBOM (haKTOPOB
M B UX YMCJIe KU3HEHHBIN LINKJT BUPYCOB, (DOJIIUHT
u noctynHocTb ux PHK u Tpanckpuntos ¢ I'T1 1 KI1,
HE MCKJIIOYAIONIMMU BOBJICYEHHOCTh 1 F€TePOJIOruy-
HOro mMMmyHHTeTa. K TIpmMepy, BeCh KM3HECHHBIN
nukJ Bupyc bopHa mpoTekaeT B s1Ipe, a BUPYyC Trena-
TuTa C — B LIUTOIUJIa3ME, TO €CTh UX XKU3HEHHbBIC 1T~
KJIbI pa300IIIeHBI B KJIETKE W HaJIU4YME B X TeHOMAaX
I'TT u KIT MmoxeT He MposIBUTHCSI B UHTEPPEPEHLIUU.

Kaxk n3BecTHO, cymiecTByOIIas y 0aKTepHii 1 ap-
xel anantuBHas 3amuTHas cucrema CRISPR/Cas
MOCTPOEHA Ha MEXaHU3ME BKIIIOUEHUST B UX T€HOM
KOPOTKHMX (parMeHTOB IeHOMa MOpaKarmllnuX HX
BUPYCOB U WCIIOJIb30BAaHUSI TPAHCKPUIITOB C 3TUX
dparMeHTOB IJIs CrieludUUIEeCcKoi Mmocagky Ha re-
HOM BTOPTrHYBIIETOCs BUPyca HYKJIeas3bl, pacIleris-
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forreii ero [5, 7]. OtkpsiTie CRISPR /Cas cBuneTe -
CTBYET O TOM, YTO CITOCOOHOCTH PaCliO3HaABaHM ST «HE-
CBOETrO» U 3all[UTa OT HEro BO3HUKJIA YXKe Ha CaMbIX
paHHUX 3Tarax 3BOJIOLIMY U TIPEACTaBIeHa MHOXe-
CTBOM MEXaHU3MOB. DTOT 3M(HEKTUBHBIN 1 SKOHOM-
HBII MPUHLIMIT 3aIIUThl OT BUPYCHOU HHGMEKIIUU
He OBLI yTpadeH B 3BOJIONNU 3yKapruoT. OH aKTUB-
HO UCMOJb3YeTCs Ui PEeryjsiiuu TPaHCKPUMILIUU
W TPAHCISOUUA U IPU TOM HE TOJBKO C yYacTHEM
manbix PHK. Peryngropnas poss PHK mpencras-
JIEHA CJIOXKHOM CEThIO B3aMMOJEUCTBUS PA3JTUIYHBIX
tunoB PHK: koaupyomumu 06eloK MaTpuYHbIMU
PHK u uexommpymomumun PHK (mnmHHBIMM He-
konupytomumu PHK, miceBmoreHamMu v LUPKYJIsi-
TopHbiMu PHK). Ot PHK-TpaHCKpUNTHI BBICTY-
MalT KaK KOHKYPHPYIOIINE SHIOTCHHBIC «TI'yOKW»
MUKpoPHK: oHU coob1aioTcst u peryjaupyroT apyr
Ipyra, KOHKYPUPYS 3a CBSI3BIBAHHEC C KOMIIJIEMCH-
TapHbIMU K HUM MUKpPOPHK. OTKpbIThIE TTEepBOHA-
YaJIbHO B KJIETKAX KaK PEryJISITOPHI SKITPECCUU T'eHO-
Ma u TpaHcasuuu 6eskoB MUuKpoPHK 1iupkyaupy-
JOT, KaK 0Ka3ajioCh, B CTAOMIbHOI (DopMe B pa3HBIX
KUAKOCTSIX TeJla, BKJII0Yasi KPOBb, U MOTYT CIYKUTh
B KayeCTBE HOBOI'O ITOKOJICHMSI MAaTOTeHETUUECKUX
M IIPOrHOCTUYECKUX OroMapKkepos [18].

Jnsa aprymeHTanuu Bo3moxxkHoi posau I'TT u KIT
B MHTepdepeHIIn o0paTuMCcsI K BUpycaM Teplieca
U KPacHYXHU, OTJUYAIOIIMMCS Cpeayd BCEeX M3BECT-
HBIX OPTAaHU3MOB CaMBIM BBICOKMM mpoiieHToM 'L
B UX T€HOME U BJIEKYIIMM JBa Pa3HbIX UCXOAa MPU
nHpexknnn. Oco6eHHOCTh BUPYCOB I'PYNNBI T'epIie-
ca — 3acejieHUe UMM TOUYTH KaXXKJA0To U3 Hac Moclie
POXICHUS Ha BCIO XM3Hb, 1 OHU HE OJIOKHPYEMBI
UHpULIMPOBAHUEM OpraHu3Ma JApyrMMU BUpyca-
MM, 4YTO MOXKHO OBIJIO ObI OOBSICHUTH OTCYTCTBUEM
Yy IPYTUX BUPYCOB (U3-3a PE3KOT0 OTIIMYU S HYKJIEO-
TUJIHOI'O COCTaBa MX F'€HOMOB) OOIIMX C BUpPyCaMM
repneca I'Il u KII. Bupyc kpacHyxu oTauyaercs
OT IPYTUX MCCIENOBAHHBIX HAMU BUPYCOB OTCYT-
ctBueM K 6oibinnHCTBY U3 Hux I'T1 u KIT nnu nanu-
YyueM JIMIIIb MUHUMYMa UX K OCTaJbHBIM BUpyCaM
M TIopaxkaeT MOYTH KaxKJI0ro M3 Hac B IETCTBE WJIN,
pexe, BO B3pOCJIOM COCTOSIHMM, BBI3bIBasl MOXU3-
HEHHBIA UMMYHUTET. HampaiuBaeTcs mpeanoso-
JK€HHE — BUPYCHI C BBICOKUM MporieHToM 'Ll B re-
HOMeE BHE KOHKYpEHLMU (MHTeppepupyloT) ¢ Apy-
TUMU BUPYCaMU 32 UHOUILIMPOBAHUE MU XO3SIMHA.

3aBepuiasi 00CyxKJeHME pPacpoCTpaHEHHOCTH
I'TT u KII reHoMe BUPYCOB, HEIb3d HE YIIOMSHYTh
B OTOU CBSI3U O KOJIJIM3USIX, KOTOPbIE OHU MOIJIU
OBl cO3HaTh IJISI METOOOB MUATHOCTUKM TIPUPOIBI
BUPYCHOUW MH(MEKIUU, OCHOBAHHBIX Ha UCHOJb30-
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BaHuu [T P. B cnyyae coBnagenus npaiimepa c I'TT
uiau KII nuarHoctuka ¢ nomouibio TP mMoxert
NPUBECTU K JIOXKHBIM pe3yiabTaraM. PUCK BO3HUK-
HOBEHUSI OIIMOOK OCOOEHHO BEJUK IJISI BUPYCOB,
XapaKTEePU3YIOLIUXCS MHOXKECTBEHHOCTBIO U MHO-
rokpatHocThio I'TT u KIT.

B 3akimoueHMe XOTeJIOCh ObI ITOOYEPKHYTH, YTO
OrounHMbOpMaTUKa MO3BOJSIET aHAJIU3UPOBATH €IU-
HOBpPEMEHHO MHOXECTBO BHPYCOB Ha YpPOBHE U HY-
KJICMHOBBIX KMCJIOT, I OCJTKOB, BBISIBIISISI HOBBIC JTaH-
HbIe, MO3BOJISIIONINE CAe/IaTh 0000IIaI0IIe BbIBOIbI
O MPOUCXOXKJAEHUN U 3BOJIOLIMU BUPYCOB, KOTOPHIE
HEBO3MOXHO W3BJIeYb 3KcrepuMeHTanbHO [8, 10,
17, 19], u MO-HOBOMY B3IJISIHYTh Ha CYIIECTBYIOIIUE
MpeACTaBICHUSI O BUPYCHBIX MHMEKIIUIX U MOCIeI-
CTBHS BaKIIMHALIUY IIPOTUB HUX. BEISIBIIEHHAST KOM-
MbIOTEPHBIM aHAJIM30M PACIIPOCTPAHEHHOCTb MaJIbIX
I'TT u KIT cpeny reHOMOB pa3HbIX BUPYCOB YeI0BeKa
MOXKHO pacCMaTpuBaTh KakK pe3yJibTaT MHOTOKPaTHOM
PEKOMOMHAIIY MEXK Ty HUMU, CBEPIABIICICS B ITPO-
1IIJIOM 1 BO3MOXKHOI B HACTOSIIIIEM U OIPEae s IoIIEeH
WX U3BMEHUYMBOCTD M aflanTalinio. YTOOBI yCKOJIB3HYTh
OT UMMYHHOI CUCTEMBI XO3sIMHa, TIPUpOoIa Haaeaua
BUPYCHI TAKXKe CIIOCOOHOCTHIO K MOJIEKYJISIPHOM MU-
Mukpun. OHa 3aKJIIOYAETCsl B MOJATOHKE CTPYKTYpPhI
0OeJIKOB BUpyca K CTPYKType OeJKOoB xo3siuHa. Takast
MacKHpOBKa OOecCIIeYrMBaeT BUPYCY MHUpP HE TOJb-
KO C HaJI3upamieil MMMYHHOU CUCTEMOM XO3dUHA,
HO ¥ OOJBIITYIO0 COBMECTUMOCTD €TI0 OCJIKOB C KJIETOU-
HOI cpeoii, B KOTOPOI OH OOMTAET, U MHOTOCTOPOH-
HsIsl TeHeTUYeCcKasi peKoMOMHalIMsI HaruboJiee ObICTPO
obecreurBaeT Takylo aganTaluio Bupyca. Bkiitoue-
Hue B reHoM BupycoB I'T1 u KIT He To1bKo 0OHOBJISIIIO
MX, HO U MOIJIO Obl CJIY>KUTb 1 MaMSITBIO O CYILIECTBO-
BaHUM KOHKYpeHTa (IIPOTUBHUKA) 3a OBJIAJEHUE XO-
3SIMHOM, Y CPEACTBOM IIPOTUBOACHCTBI S KOHKYPEHTY
Mpy KOMH(MUILIMPOBAHUU, SIBJISISICh aHAJIOTUEl CUCTe-
mbl CRISPR /Cas 6akTepuit 1 apxeii. He nckirodeHo,
uto I'TT u KII, BeicBOOOX AaOLIIME B pe3yabTaTe Ae-
rpamaliiy YacTU PEIUIMIIMPOBAHHBIX T€HOMOB WJIN
ux MPHK, BoBieyeHb! U B Apyrue GyHKIMU B KU3-
HEHHOM 1IMKJIe BUpyca, TEM CaMbIM JIaBasi OCHOBaHUE
npearnojaraTb, YTO U MeTab0JIU3M BUPYCHBIX KOMITO-
HEHTOB SIBJISICTCSI BasKHBIM 3BEHOM [IJISI pean3alluu
uHdpekuu. B acriekte noaudyHKIIMOHAJIBHOCTHU
MOXHO TaKXXe paccMaTpuMBaTh U CYIIECTBOBaHUE
ayToKII. [ToMrMO UX BO3MOXHOI pOJiu B peKOMOU-
HalMy BHYTPUTHUITOBBIX IITAMMOB, OHU MOTJIY ObI Ue-
pe3 donauHT reHoMoB 1 MPHK OBITE perynsitopamu
CKOPOCTH TPAHCISIIMU BUPYCHBIX OEJTKOB, 00ecreun-
Basl ONITUMAIbHOE KOJIMYECTBEHHOE COOTHOIIICHHUE UX
JUTSI COOPKU BUPUOHOB.
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U3YHEHUE CTENEHU TMOPATALUN
HEMPAMUHWUA3bI BUPYCA FPUIMMNA

H.C. I'pe6enknna, H.A. Kourapos, H.B. IOmMunoBa

OI'FHY HUU séakuyun u coieopomok um. M. 1. Meunuxosa, Mockea, Poccus

Pe3rome. M3BecTHO, 4TO (DYHKIITMOHMPOBAHNE MHOTHMX O€JIKOB M (DePMEHTOB 3aBUCHUT OT CTETICHU TUApATAlliK X TTOBEPX-
HOCTell. B Hammx mccrenoBaHMSIX B Ka4eCTBE MOIETN MTOBEPXHOCTHOTO aHTUTEHHOTO BUPYCHOTO Oeika Obljla BRIOpaHa
HeiipammaUAa3a (NA) Bupyca rpurima. C IoMoInpio Moaeu aacopoun bpyrayspa—Ommera—Temnepa (BDOT) paccunra-
HBI BEJTMIMHBI MOHOCJTIOST BOZHI (a,,) TIPH Pa3TMIHBIX 3HAUCHUSX YIIPYTOCTH ITapoB BOAbL. M3 momyueHHBIX n3otepM bOT
MOXHO CJieJIaTh BHIBOJL O HAJTMUMU TUCTEPE3NCa, 3aKTI0UAIOIIETOCS B PA3IMUYHOM 3HAYEHUU MOHOCIOS ,, TPU COPOITUYT
1 JIECOPOILIMY BOIBI C TIOBEPXHOCTHU (DEPMEHTA, UYTO CBSI3aHO, BEPOSITHO, C BHICOKOM CTETEHBIO KOOIIEpaTUBHOCTH 00pa-
3yIolIeics TMIpaTHOI 000104k, MakcrMabHOe CBSI3bIBAHKME MOJICKYJT BOIBI HAOJII0AAJI0Ch TP 3HAYEHUH YTIPYTOCTH
napoB p/ps = 0,65 1 cocTaBuIO a,, = 224 MOJICKYJIbI BOIbI HA ONHY MOJIEKY.JTy hepmeHTa. [Tpy conocTaBieHnH ¢ pacdeTHOI
IJIOMIAIbI0 MOBepXHOCTH TeTpamepa NA (S = 256 HM?) ¥ yUUTHIBast MAKCUMAJTbHYIO IJIOLIA b TPOEKIIHM MOJEKYJIbI BOIBI
MOXHO CIIeJ1aTh BBIBOJ O ITOJHOM IMOKPBITUHM MOHOCJIOEM BOIIbI BCeii MoBepXHOCTU (hepMeHTa. [1py JTaHHOM 3HaYeHMU am
HabJI0Ma1ach MaKCMMasbHasl aKTUBHOCTb NA, MUHUMYM aKTUBHOCTH (hepMeHTa TPUXOAUJICS TIpU 3HAUYSHUH a, = 98
MOJIEKYJT BOIBI Ha MOJICKYJTY (pepMEHTa, YTO COOTBETCTBOBAJIO 3HAUCHUIO YIIPYTOCTH MapoB Bombl p/ps = 0,38. Takum 006-
pa3oM, 111 NA Bupyca TpHIIa IIoKa3aHa 3aBUCUMOCTD (hepPMEHTATUBHOM aKTMBHOCTH OT CTETICHU TUApaTalliy ITOBEPX-
HocTu pepmeHTa. [ToydeHa 3aBUCMMOCTb MMMYHOTEHHOCTH BUpYyca TPHUIITIA OT CTeTIeH! Tuapataiuy NA.

Karouesnle caosa: cmenens eudpamayuu, Heilpamunuoasa, mooeas aocopbyuu bpynayspa—Immema—Tesnepa, ummyHoceHHocms
supyca epunna.

THE STUDY OF INFLUENZA VIRUS NEURAMINIDASE HYDRATION DEGREE
Grebyonkina N.S., Kontarov N.A., Yuminova N.V.
1.1. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

Abstract. It is known that the functioning of many proteins and enzymes depends on the degree of hydration of their sur-
faces. In our studies, neuraminidase (NA) of influenza virus was selected as a model for surface antigenic viral protein.
The Brunauer—Emmett—Teller (BET) model of adsorption was used to calculate the values of water monolayer (a,,) at differ-
ent values of water vapor pressure. The obtained BET isotherms allow for concluding that hysteresis takes place manifested
by the difference between the monolayer a,, values for sorption and desorption of water from the surface of the enzyme, which
is probably associated with a high degree of cooperation of the hydration shell formed. The maximum binding of water mol-
ecules was observed for the vapor pressure p/ps value of 0.65 and was a,, = 224 water molecules per a molecule of the enzyme.
Basing on the calculated surface area of a NA tetramer (S = 256 nm?) and the maximum projection area of water molecule,
it may be concluded that the entire surface of the enzyme is completely covered with a water monolayer. For said a,, value
the maximum activity of NA was observed, whereas the minimum enzyme activity corresponded to the am value of 98 water
molecules per a molecule of the enzyme, which corresponded to the water vapor pressure p/ps value of 0.38. Thus, for the
influenza virus NA protein a dependency of the enzymatic activity on the degree of hydration of the surface of the enzyme
is demonstrated. The dependence of immunogenicity of influenza virus from the extent of hydration of NA.

Key words: hydration degree, neuraminidase, Brunauer—Emmett—Teller adsorption model, immunogenicity of influenza virus.
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MHdekumns n uMmyHuTeT

BBeneHune

BzanmMoneiicTBrie MeXXKIy OMOJIOTMISCKUMHU MaK-
POMOJIEKYJIaMHU WMeeT BaxkHOe (YHKIIMOHAJIBHOE
3HauyeHue. CTaOUJIbHOCTh Pa3JMUYHBIX OEIKOBBIX
CTPYKTYP 3aBUCUT OT BEIUUYMHBI KOHTAKTHBIX I1JI0-
110K, KOMIIJIEeMEHTapHOCTH LIEHTPOB B3aUMOIeli-
CTBUSI, XapaKTepa MEXMOJICKYJISIPHBIX CUJ, BOZHU-
KaOIINX IIpU 00pa30BaHUU KOMIIJIEKCOB, a TaKxKe
OT TIpoIecca BBITECHEHUS YaCTU BOIBI, CBSI3BIBacC-
MO CBOOOJTHBIMU KOMITOHEHTAMU KOMITJIEKCOB [1].

Ilpu ompeneneHHON CTEIIEHW THApATAllUM Oel-
KOBOUl MOJIEKYJIbl HE IPOMCXOAUT OOpa3oBaHUS
accollMaToOB BUPYCHBIX O€JIKOB, UTO HMEET HeIo-
CPEICTBEHHOE 3HAUYeHHE MpU IOJYyYeHUU, Hampu-
Mep, Pas3IMYHBIX MPOTUBOBUPYCHBIX BaKIIMH. Tak,
B TIPOIIeCCe OYMCTKM BAKIIMHHOTO IIpernapara Oell-
KOBBIC aCcCOIIMATBEl MOTYT OcCelaTh Ha ITOBEPXHOCTU
GuIBTpa, YTO MPUBOAUT K CHUZKCHUIO CTieLrIec-
KO aKTMBHOCTHM BHPYCHOIO ITpenapara. V3aIuirHsis
WM HemocTaToyHasl TUApaTalus MOXET IpUBO-
IUTh K MAaCKMPOBKE PEe3yJbTaTOB MpPU YYUTHIBAHUU
HelipamuHuaasHoir (NA) aktuBHocTu. Ha ceron-
HSIIITHUH JeHb MPaKTUISCKU MOJTHOCTBIO OTCYTCTBY-
[OT JaHHBIC O BIUSHUM TUAPATAIINN BUPYCHBIX Oe€II-
KOB Ha MX CTPYKTYPHO-(PYHKIIMOHAJIbHBIC CBOMCTBA.
IMosTOoMy 1I€/IBIO JaHHOW PabOTHl OBLIO U3yYEHUE
CTPYKTYPHO-(PYHKILIMOHAJBLHOIO COCTOSIHUSI NA BU-

PucyHok 1. PeaynbTaTbl anektpodopesa
B NONIMAKpUIaMuUgHoOM rene

Figure 1. The results of electrophoresis

in polyacrylamide gel

A — anekTpodoperpammMa HeQUULLEHHOTO
BUpyccofepxallero matepuana; b — anektpodoperpamma
BMPYCCOZEepXallero marepuana nocne 04MCcTKm

N KOHUEHTPUPOBaHUA 6enKoBoro KOJibLa B rpaaneHTe
caxapo3bl; B — anektpodoperpamma Bupyccoepxaiiero
MaTtepuana nocrsie O4NCTKN N KOHLEHTPUPOBaHNA 6enKkoBoro
ocajka B rpagueHTe caxapossl. 1 — P-6enku (PB1, PB2, PA);
2 — HelpamuHnaasa; 3 — remarrnioTuHuH; 4 — NP-6enok;

5 — M-6enok; 6 — 6enKoBbIi Mapkep Macc.

A — The electrophoretogram of not purified virus containing
material; B — The electrophoretogram virus containing
material after purification and concentration of protein rings
in the gradient of sucrose; C — The electrophoretogram virus-
containing material after purification and concentration of the
protein precipitate in a gradient of sucrose. 1 — P-proteins
(PB1, PB2, PA); 2 — neuraminidase; 3 — hemagglutinin;

4 — NP-protein; 5 — M-protein; 6 — protein mass marker.

pyca TpumIia IIpy pa3IMIHBIX CTEIICHIX THAPATAIIUHA
OCIKOBBIX MOJIEKYJI M M3yYeHUE BIUSIHUS CTEIEHU
ruapatanuu ¢pepMmeHTa NA Ha ero akTUBHOCTS [2, 3].

Martepuanbl n MeTobl

Ilpenapam 6eaxa. NA BUpyca rpurna BblICJISIU
M3 KOHIIEHTPMPOBAHHOIO U OYMIIEHHOIO BHUpYyca
rpuna A/Victoria/361/2011 (ceporunnt H3N2). C aroii
LIEJbI0 BUPYCHI pecycrieHaupoBaiu B Na-alieTaTHOM
oydepe (50 MM anerar Na, 2 MM NaCl, 0,2 MM
DATA; pH = 7,0) u paspywanu 7% OKTUIIIIOKA3MU-
oM B TedeHue 2 9 ipu +4°C. 3aTeM MaTepuai IeH-
tpudyruposaiu npu 15000 06./MuH B TeueHune 1 9
(potop Beckman SW50.1). K cynepHaraHTy, coaep-
xkamemy NA, no6aBistin 2%-HbIi BOOHBII pacTBOP
opomuaa uerpuMoHus (Sigma, I'epmaHusa) g0 Ko-
HeuHoit koHueHTpauuu 0,1%. OO6pasen; HaHOCUJIU
Ha aHMOHOOOMEHHYIO0 KOJIOHKY (I X 3 cMm, copOeHT
DEAE Sephadex A-50), ipemBapuTe/IbHO ypaBHOBE-
meHHYI cTapToBbiM Oydepom (50 MM Tpuc-HCI,
0,1% oxtuarmokosun, pH = 7,2). NA satonpoBaiu
30 ma craptoBoro Oydepa. Kaxayio dpakiuio nua-
JuzoBanu npotus Oydepa STE B TeueHue 72 4 gns
yIaJeHMsI OCTaTKOB OKTUJITTIOKo3uAa. KoHTpoJb uu-
CTOTBI BBIACJICHHOIO MaTepurasia OCYLIECTBISIIN MPpU
TIOMOIIIH 3JIEKTpodope3a B MOINaAKPUIaAMUIHOM I'ejie
BIIpucyTCcTBUM SDS 1o meTony JIaMMiu (KOHIIEHTpa-
uus ITAAT 10%, cuia Toka npu Bxoje B reiib 50 MA,
nanee 80 MA, Bpems nposeneHust — 40 muH) [4] ¢ mo-
CJIENYIOIIUM aHaAJIM30M Tejieil Ha jeHcuTomerpe GS-
700 (Bio-Rad Laboratories) (puc. I).

Juopuauzauyus NA. CKOHLUEHTPpUPOBAHHBII Ma-
Tepuaj pas3uBaau Mo 2 MJ B OMOBHAJIbI 0OBEMOM
4 mn, 3amopazkuBanu npu —80°C 1 mnoduan3npo-
BaJIX B TeueHue 12 4.

Tudpamuposeanue NA U3MepsIIv TIpU TeMITepaTy-
pe 25°C Ha Becax Mak-beHa B nuHTepBajie OTHOCHU-
TeJIbHOM yrpyroctu napos Boabl 0.38+0.65. JIns us-
MepeHus1 u3oTepMm ucnoab3doBaiu NA (=150 wmr),
MMEIOILYIO TIOCJIe NJIUTEJbHOI0 BaKyyMMPOBaHUS
npu 25°C u 10~ MM PT.CT. HOCTOSTHHBI Bec [5].

07
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YnpyrocTb NapoB BOAbI
Elasticity of water vapor

4 5 6 7 8 9

EmkocTb MOHOCRO$ BOAbI, MM/T
Capacity of water monolayer, mM/g

PucyHok 2. U3oTepma cop6uuu n gecopouum

napos Boabl NA BUpyca rpunna

Figure 2. The isotherm of adsorption and desorption
of water vapor NA of influenza virus

1 — nsotepma copbuuu; 2 — n3otepma gecopobumu.

1 — isotherm sorption; 2 — isotherm desorption.
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M3yyeHune ctenenmn rugpataunm NA Bupyca rpunna
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PucyHok 3. JIuneinHaa anHamop¢o3a M30Tepmbl
cop6uum n gecopouumn napos Boabl NA Bupyca
rpunna B KoopauHaTtax ypaBHeHus BIT

Figure 3. Linear anamorphosis of the isotherms

of sorption and desorption of water vapor NA

of influenza virus in the coordinates of equation BET

1 — nuHeliHas aHamopd03a N30TepPMbl COPOLLAN

B KOOpAMHaTax ypaBHeHust 63T, 2 — nuHenHas aHamopdo3a
n30TepMbl Aecopbumm B KoopamHaTax ypasHeHus B3AT.

1 — linear anamorphosis sorption isotherms in coordinates
of equation BET; 2 — linear anamorphosis desorption
isotherms in coordinates of equation BET.

AxktuBHOCTh NA onpenessin no merony [6]. To-
TOBUJIM peakIMoHHYI0 cMech (0.1 MJI OUMIIEHHOM
NA u 0.1 mn ¢peryuna B 0,2 M docharHom Oydepe
¢ pH = 6.0). Cmech TIIATEIBHO TTepeMEIINBaIN U NH-
kyoupoBaiu 2 4 mipu 35°C. 3areM cMech OXJIaXaaan
JI0 KOMHaTHOH Temreparypbl u gooGaBasiiu 0,1 mi
MEepUOIAaTHOTO peareHTa, TepeMelIBaii U MHKYOU-
poBaiu 20 muH nipu 25°C. K cmecu gobdasasiau 1 mua
apCEeHUTHOIO peareHTa U IepeMelIMBaIn 0 PacTBO-
penust ocagka. K cmecu nobasnsaau 2,5 M Tuodap-
OMTYpaTHOrO peareHTa, MepeMelBaJIu U MoMelaan
Ha 15 MUH B KUNAyI0 BoasiHy10 6aHto. [ocne oxumax-
JIEHUsT K CMecU 100aBisid 4 M OyTaHOJIOBOTO pea-
renra (N-OyraHos, conepxKaimii 5% no oobeMy KOH-
LIEHTPUPOBAHHOI COJISTHOW KMCJIOTHI) U MHTEHCUBHO
BCTPSIXMBAJIU [JIsl JIy4Ilei 3KCTPaKLIMKU OKpPAILIEHHO-
ro BemectBa. CMech HeHTpudyrruposanu 10 MuH mipu
1500 06./mMuH nipu 25°C. OTOMpav BOOHYIO (HUXKHIOIO)
¢aszy 1 onpenessyii Ha CeKTPo(poTOMETpe BETUINHY
MOIJIOIIEHUST MPU JJIMHE BOJHBI 549 HM C COOTBET-
CTBYIOIIMM KOHTposieM. OTITUMaJIbHOE ITOITIOIICHUE
cocrasnsyio 0,58 ontuyeckoil enuHuubl. [lomyuyeH-
HbI pe3yJibTaT COMNOCTABISIA C KaJMOpPOBOUHOI
KpUBOH (C KOHLIEHTpalueir N-aleTuTHeipaMuHOBOM
kucyaotel oT 5 10 40 mxr (B 0,2 M 0,2 M ¢ochaTHOro
oydepa, pH = 6,0). UMMyHOreHHOCTb BUpyCa I'pUIIIIa
onpenaensiaack mo PTIA [9].

Pesynbratbl 1 06CyxaeHne

ITo mony4yeHHBIM JaHHBIM ObLIU ITOCTPOEHBI U30-
TEPMbl COPOLIMU-IECOPOLIMU TTapoB BOAbI (puc. 2),
a Tak>Xe UX JMHeHHbIe aHaMOpPGhO3bl B KOOpAMHATaX
ypaBHeHUst bpynHayspa—Dmmera—Tennepa (B3T)
(puc. 3).

Kak BumHO 13 rpadguka (puc. 2), MaKCMMaJbHOS
CBSI3bIBAHME MOJIEKYJT BOIBI HAOIIOAAIOCh TIPU 3Ha-
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PucyHok 4. 3aBUCUMOCTb CpefHEro
reoMeTpuyYecKoro TUTpa aHTUTEN OT CTENEHMN
rupgpartaumm HeMpamMuHuaasbl BUpyca rpynna
A/Victoria/361/2011 (cepotun H3N2)

Figure 4. The dependence of the average geometric
titers of antibodies to the degree of hydration

of the neuraminidase of influenza virus
A/Victoria/361/2011 (H3N2 serotype)

YEHUM YIpPYyrocTu mapoB p/ps = 0,65 v cocTaBUIO
8,66 MM Boxbl Ha 1 T NA, 9TO COOTBETCTBYET 224 MO-
JeKyaaM Boabl Ha 1 Mmonekyny ¢pepmeHTa. MUHUMATb-
HOC CBSI3BIBaHME MOJIEKYJT BOIBI HaOJIOmaach ITpHU
3HAYEeHUU yIpyroctu mapos Boabl 0,38 1 coctaBuIio
3,6 MM Bonanbl Ha 1 T NA. Tpu conoctaBiieHUM ¢ pac-
yeTHOM rutomaabio (S) Terpamepa NA (S = 256 HM?)
[7] n yuuTbIBasi MaKCUMaJIbHYIO S TTPOEKIIMU MOJIe-
KYJ1 BOIbI MOXKHO CIIeJIaTh BEIBOI, O TIOJTHOM ITOKPBITUH
MOHOCJIOEM BOJIbI BCE ITOBEPXHOCTU (DEpMEHTA.

Takske BUIHO, UTO M30TEPMBI COPOLIMU U Jie-
COpOILIMY TTapOB BOJBI HE COBITAMAIOT, YTO CBSI3aHO
C SIBJIGHUEM THCTepe3rca, 3aKJIYalonierocs B pas-
JIMYHOM 3HAYCHU Y MOHOCJIOS a,,, TIPY COPOIINU U [Ie-
copOLMY MapoB BOAbI C TTOBEpXHOCTU (pepMeHTa NA
B BUJIY BBICOKOI CTENEHU KOOIepaTUBHOCTU 00pa-
3YIOILEUCS THAPATHOU O00I0UKU.

C nomolbl0 JUHEHHBIX aHamopdo3 (puc. 3)
ObITM paccuMTaHbl mapameTpbl ypaBHeHUsT BOT.
W3 monydeHHBIX HJaHHBIX MOXHO caejiaTh BBIBO/I,
4TO BEJIMYMHA a, (EMKOCTh MOHOCJIOSI) COOTBET-
CTBYET COBOKYITHOCTU MOJIEKYJI BOIBI, CBSI3aHHBIX
B MEPBYIO Oo4Yepeab TeMU LIEHTpaMU, KOTOPbIE MMe-
OT OOJIBIIYIO SHEPTUIO COPOIMH, IO CPaBHCHUIO
C DHepruen cBsI3aHHOM BOAbI, 3aBEpIIAIOIINX 00pa-
30BaHUE T'UIPATHON OOOJIOUKU.

IIpu aHanu3e TUHENHBIX aHamMopdo3 ObLIa pac-
cUyMTaHa TerJjoTa copouuu, paBHas 3,4 KJI>kK/MOJIb.

TeruroTy copOLmm paccauThIBaIM 110 hopmyite [10]:

Q =RT LnC,

rae Q — TernioTa copobuuun, R — yHuBepcasbHas ra-
30Bas nocrosiHHas, T — abcojIoTHAsI TeMIeparypa
B KenbBunax, C — napametp moaenau bOT.

W3 11oiry9eHHOTO 3HAaUYCHUWSI BUIHO, YTO PE3yib-
TaT TEOPUM CXOMIEH C IKCIIEPMMEHTAJIbHBIMU JaH-
HBIMM TI0 TUApaTaluu 6eJKoB [§].
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ITosTOMy MOXHO caesiaTh BbIBOA, YTO MpPOIECC
CcopOLIMY O0OPaTUMBIiA, COMPOBOXKIAETCS BbIACICHU-
€M TeIljla, Ha3bIBaeMOI'o TeIJIOTOM COpOLIU, KOTO-
poe TeM OOJbIlle, YeM ITPOYHEee CBSI3b MEXKIY MOJe-
KyJamMu copOeHTa u copbara.

MaxkcumanbHast aKTUBHOCTH pepMmeHTa NA BU-
pyca rpurimna HabJofaiach Mpy 3Ha4YeHW U a,, = 224
MOJIEKYJIbI TIapOB BOIbI HAa 1 MoJyieKysly hepMeHTa,
a MUHUMYM aKTUBHOCTU NA COOTBETCTBOBAI a,, =
98 MoJieKya MapoB BOAbBI Ha MOJIEKYJay (epMeHTa,
YTO COOTBETCTBOBAJIO 3HAYEHUIO YIIPYTOCTU ITapoOB
Bonnwl 0,38. TakuMm oOpa3oMm, HJisd HelipaMUHUIAa3bI
BUpYyca IpMIINa ITIoKa3aHa 3aBUCUMOCTh (hepMeHTa-
TUBHOW aKTUBHOCTH OT CTEIICHW TUApaTalliy IO-

CreneHb TUAPATALIMKA OKa3bIBaCT TAKKE BIMSTHUE
Ha MMMYHOIE€HHOCTb BHpYycCa TpuUIla, YTO SIBISIET-
Csl BaXKHBIM IIPU MOJYYEHUM Pa3JIMUHBIX MPOTUBO-
TPUIIITIO3HBIX BaKIIMH. HaMu mojtyyeHa 3aBUCMOCTh
CPEIHEro TeOMETPUUECKOrO TUTPA aHTUTEII OT CTeTIe-
HU TUIpaTallii HelipaMWHUIA3k BUpyca rpurnmna A/
Victoria/361/2011 (cepotunt H3N2) (puc. 4). lanHas
3aBUCHMOCTb UMEET 3KCTPEMYM B BHJE MaKCUMyMa
npu creneHu ruaparaunu W, = 35%, 4To npakTu-
YeCKH COOTBETCTBYET 3HAUYEHUIO a,, = 235 MOJIeKya
napoB BOIbI HA 1 MosieKyJly dhepMeHTa, Mpyu KOTOPOM
HaOII00aJICS MAKCUMYM aKTUBHOCTU HeMpaMUHUIA-
3bl. [loJIy4yeHHBI pe3yabraT yKa3blBaeT Ha HEO0OXO-
IVUMOCTB yUeTa TUapaTallii HelipaMITHIIa 36l BUpyca

BEpPXHOCTU (DEpMEHTA.

Cn

1.

9.

10.

I'pUIIIia IIpU MOJYYCHHW U BAKIHMHHBIX ITPCIIapaToB.
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SAMMAEMUOJIOTMYECKUE ACMNEKTDI
3ABOJIEBAEMOCTU BHYTPUBOJIbHN4YHbIMU
UHPEKLNAMMU B JINTMO XUPYPI'MYECKOIO
NMPODUNIA B MPUMOPCKOM KPAE

A.B. Maptsinosa'-?, A.10. I'oppkasag!, B.JI. Acammua®, JI.M. Cemeiikuna3

! lanvnesocmounulii pedepanvhblii ynusepcumem, e. Baadueocmor, Poccus
2@IrbOY BO Tuxookeanckuii eocydapcmeennolii MeOuyuHCcKUl ynugepcumem, e. Baaousocmok, Poccus
JDOBY3 Ilenmp eueuenvt u snudemuonoeuu ¢ lipumopcrkom kpae, e. Bradusocmok, Poccus

Pesitome. [Ipodaema mpoduIakTUKHY U JedeHU s MH(GEKILMi, CBI3aHHBIX ¢ OKazaHueM MeauinHckoi nomouiy (MCMIT),
OCTaeTCsl aKTyaJbHOM M TPYIHOPA3peLIMMOi B coBpeMeHHoI MeauinHe. CrocoOHOCTh (POPMUPOBAHUS YCTOMIMBBIX
K aHTUOMOTHKAM U BHICOKOBUPYJIEHTHBIX TOCIIUTAIBHBIX IITAMMOB, aTaNTUPYIOIIUXCS €llle U K TPUMEHSIEMBIM B Jie-
YeOHBIX YUPEKACHUSIX Ne3UHGULIMPYIOIIMM CPEICTBAM U Pa3BUTHE MHHOBALIMOHHBIX BHICOKOTEXHOJIOTUYHBIX METO-
JIOB TMAarHOCTUKY U JICUCHUSI TIPH IITMPOKOM pacIpOCTpaHEHUU MUKPOOPTaHN3MOB C MHOXKECTBEHHOM JIEKapCTBEHHOM
YCTOMYMBOCTHIO OIPEACISIOT HEOOXOMMMOCTh HEIIPEPHIBHOTO COBEPIIECHCTBOBAHMUS SMTUAEMHOIOTMUSCKOTO HaI30pa
1 MUKPOOHOJIOTMIECKOTO MOHUTOPMHTA JaHHOM TPy MHOeKIwii. Lleab padoThl: TPOBECTHU SIMUAEMHUOIOTAYESCKII
aHanu3 3abosnesaemoct MCMII B [TpruMopckoM Kpae M OMpeAeTuTh yAETbHBIN BeC BHYTPUOOIbHUIHBIX MHMEKITN T
(BBW), Bo3HUKIIUX B Xupypruueckux crauuoHapax u oraeneHusx JINIMO, B obweit ctpyktype UICMIL. Mamepuaa
u memodsl. B paboTe UCIONb30BaTUCh NaHHbBIE U3 CTaTUCTUUYeCKOl hopmbl No 2 «CBeieHMs 00 MHMEKITMOHHBIX U T1a-
pasuTapHbIX 3a00JieBaHUsIX» B [IpuMopckoM Kpae. MeTon ncclienoBaHUsI — PeTPOCHIEKTUBHBIN AT AEMUOJIOTUYeCK Ui
aHanus. Pezyabmamsr. B 2015 1. B [IpuMopckom Kpae 3apeructpupoBaHo 159 ciyyaeB MCMII, nmokasaresb 3aboeBa-
emocTu coctaBuia 0,05 Ha 1000 mponeyeHHbIX MauueHToB. B cpaBHeHuu ¢ 2014 1. 3a60/1€BaeMOCTb CHU3UIACh, TEMII
cHukeHus1 coctaBusl — 28%. [1o TaHHBIM CTaTUCTUYECKOM OTYETHOCTU HanboIbiee KoarndecTBo ciydyaeB MCMII BbI-
SIBJICHO B POIOBCIIOMOTaTeIbHBIX yupexaeHusx — 60 ciyyaes (38% ot Bcex BBM), B netckux cranuroHapax — 46 (29%)
U B XUPYPruuecKuX cTallMoHapax u otaeneHussx — 33 (21%). OcranbHbie UCITM 3apeructpupoBaHbl B aMOyJIaTOPHO-
MOJMKJIMHAYECKHX YUPEKACHMSIX U B YUPEKACHUSIX TePaneBTHIECKOro mpodus. OTMeuaeTcss HEKOTOpast TeHICHITU S
K pocty yaeiabHoro Beca BBU B xupyprudeckux cramuonapax u otaeaeHusx JIMO: 15% B 2012 1., 14% B 2013 1., 17%
B 2014 1. 1 21% ot Bcex cinyuaeB MICMII B 2015 1. B crpykrype MCMII Ha tepputopuu [Ipumopckoro kpast B 2015 r., Kak
U B IpeAbIAYIINE FOIbI, JOMUHUPOBAIN OCTPble KulleuHble nHPekunu (35 ciaydaeB — 22%) v rHOMHO-CENTUYECKUE
MHGEKIMY Y HOBOPOXACHHBIX (34 ciydast — 21%). Buieode. Ha Tepputopun [Mpumopckoro kpast MICMIT yaie Bcero
PEruCTPUPYIOTCS B POIOBCIIOMOTATENIbHBIX YUPEXAEHUSIX, B IETCKUX U XUPYPTUUECKUX CTAIIMOHAPAX W OTICJICHUSX.
OTMmeuaeTcs TeHIeHLUS K pocTy yaeabHoro Beca MCMII B xupypruyeckux crauroHapax u oraenaenusx JITIO, Bepost-
Hee BCEro, He BCJCACTBUE YBEJIMUYCHMS CITyYaeB MOCIeONepalliOHHBIX OCIIOKHEHU, a 32 CYET IPYTUX HO30JIOT UiA.

Karouesvie cao6a: cocnumanvhvie uHgekyuu, NOCMUHBEKYUOHHbIE 0CA0NCHEHUS, UHPDeKYUlU MO4e8blg00aue20 mpaKma,
2HOIHO-cenmuyeckue uHgexyuu, 6HympuboabHuUHble UHDEKYUlU, INUOEMUON0US BHYMPUOONLHUUHBIX UHDEKYU.
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EPIDEMIOLOGY ASPECTS OF HOSPITAL-ACQUIRED INFECTION MORBIDITY IN HEALTH SURGERY
HOSPITALS IN PRIMORSKY REGION

Martynova A.V.**, Gorkavaya A.Yu.?, Abashina V.L.¢, Semeikina L.M.¢

@ Far Eastern Federal University, Viadivostok, Russian Federation

b Pacific State Medical University, Vladivostok, Russian Federation
¢ Center of Hygiene and Epidemiology, Vladivostok, Russian Federation

Abstract. The problem of prophylaxis and treatment of the hospital-acquired infections caused remains actual and urgent
and stubborn in modern medicine. Appearance of antimicrobial agents resistant and high virulent strains adapting also
to desinfectants. Development of innovative hi-tech diagnostic methods and treatment at wide circulation of microorga-
nisms with multiple antimicrobial agents resistance defines need of continuous improvement of epidemiological surveil-
lance and microbiological monitoring of this group of infections. Aim of project: to carry out the epidemiological analysis
of a case rate of hospital-acquired infections in Primorsky Krai and to determine the specific role of hospital-acquired
infections which arose in surgical hospitals and units. Material and methods: In work there were used statistical forms,
e.g. No. 2 «The information on infectious and parasitic diseases» in Primorsky Krai. A research method — the retrospec-
tive epidemiological analysis. Results of a research: In 2015 in Primorsky Krai there were registered 159 cases of hospital-
acquired infections, the indicator of a case rate made 0.05 per 1000 treated patients. In comparison with 2014 the case
rate decreased, rate of depression made — 28%. According to the statistical reporting the greatest number of cases of hos-
pital-acquired infections was registered in obstetrical institutions — 60 cases (38% of all hospital-acquired infections),
in children’s hospitals — 46 (29%) and in surgical hospitals and units — 33 (21%). Other hospital-acquired infections are
registered in out-patient and polyclinic institutions and in institutions of a therapeutic profile. In structure of hospital-
acquired infections in the territory of Primorsky Krai in 2015, as well as in previous years, acute intestinal infections
dominated (35 cases — 22%) and it is purulent — septic infections at newborns (34 cases — 21%). Conclusions: In the ter-
ritory of Primorsky Krai the hospital-acquired infections are often registered in obstetrical institutions, in children’s and
surgical hospitals and units. The tendency to hospital-acquired infections morbidity growthin surgical hospitals and units,
most likely, not owing to augmentation of cases of postoperative complications, and at the expense of other nosologies.

Key words: hospital-acquired infections, injection complications, infections of the urinary tract, purulent-septic infection, nosocomial

infection, epidemiology of nosocomial infections.

IIpoGnema npoduIaKTUKU U JedeHUs uHpEK-
Wi, CBI3aHHBIX C OKa3aHWEM MEIMIIMHCKOU IO-
momu (MCMIT), ocTaeTcss akTyaabHOI U TPYITHO-
pa3pemunMoii B cCoBpeMeHHOM MenuiimHe. HecMoT-
psi Ha MHOTOYMCJIICHHBIC Hay4YHBIC MCCICAOBAHUS
U YCUJIUSI IPAKTUYECKOTO 31PAaBOOXPAHEHUS, YUET
M perucTpanus NH(PpEeKInii, CBI3aHHBIX C OKa3aHU-
€M MEOMIIMHCKON IToMOImU (BHYTPUOOJIBHUUHBIX
WHOEKIINiT), 10 CUX ITIOp HEIOCTaTOYHHI: B 51 cyOh-
exte Poccuiickoii ®demepaniny perucTpUpPyrOTCS
He BCe BUABI BHYTPHUOOIBPHUYHBIX UH(PEKIINiT, B TOM
YUCJIe OTCYTCTBYET PErUCTpanus BHYTPUOOJIbHUY-
HBIX MH(PEKIINH MOYECIIOI0BOM CHUCTEMBI, TTOCIICO-
MepallMOHHBIX U MOCTUHBEKIIMOHHBIX MHMEKITUHA
[4, 5]. Bonee Toro, akTyaJabHBI U TaKWe NPUYNHEI,
KaK cliyJau TO3MHe M30JIIuM 3a00JeBIINX, CO-
KPBITHE BHYTPUOOIbHUYIHOI 3a00JIEBAEMOCTH, HE-
CBOEBPEMEHHOE HadaJio ITPOTUBOAIMUICMUICCKUX
MEPOTIPUSITHIL, HapyIIeHHWE IIPaBUJI COXEPKaHUS
GYHKIIMOHATBHBIX TIOMEIIeHU, HeCOOIoIeHIe
TpeOOBaHMIT aceNTUKN W AHTUCEIITUKU IIpU pa-
00Te CO CTepMJIBHBIM MaTepuajioM, IIpU THOWHO-
CeNITUUECKUX WH(MEKIINUSIX — BBICOKHI ypPOBEHB
HOCHUTEJIBCTBA 30JIOTUCTOTO CTa(pMIIOKOKKA Cpeau
COTPYOIHUKOB Ha (DOHE TIeperpy3Ku YUpPEeKICHUUA
POIOBCIIOMOXXEHU ST BBIIIIE HOPMATUBHOM MOIITHOC-
™ [1-3, 6, 8]. O0ecrieueHe CHUXEHNUS BHYTPH-
OOJIBHUYHOII 3a00JICBACMOCTH SIBJISICTCS OXHOM
W3 TIPUOPUTETHBIX 3a7a4 B IEJIIX 00eCIIeYeHM S ca-

HUTAPHO-3TMUICMHUOJIOTUICCKOTO  OJIAarOMOIyJHrs
HaceseHud [4]. Yactora MCMII 3aBucuT OT MHO-
rux (paKTOPOB, OMUH M3 KOTOPHIX — THUIT CTAIIHO-
Hapa UJIU OTAEJeHU S JIeueOHO-MTPpOodUIaKTUUYECKON
opranuzanuu (JIT1O). Xupypruueckuit craiimoHap
B OTOM IIJIaHE SIBJISIETCSI OOBEKTOM HaMOOJIBIIETO
prcka MHGUOMPOBAHMUS TaliueHTa. Jlpyroit mpo-
omemoii snugemuosorun MCMII B crammoHapax
XUPYPTUUECKOTO MpOoUIST SBISIETCSI NpobdIeMa
AHTUOMOTUKOPE3NCTEHTHOCT MUKPOOPTaHU3MOB,
YTO NPUBOAMUT K COILIMATBHBIM U SKOHOMUYECKUM
notepsm [7, 9—11]. CrtocoOHOCTh (OPMUPOBAHUS
YCTOMYMBBIX K aHTUOMOTHUKAM M BEICOKOBHPYJICHT-
HBIX TOCITUTAJIBHBIX IIITAMMOB, aJalTUPYIOIIUXCS
elle M K MIPUMEHSICMBIM B JICUeOHBIX YUPEXKICHUSIX
Ie3MHOUIIMPYIOMIUM CpPEeACTBAaM M pPa3BUTHEC WH-
HOBAIIMOHHBIX BBICOKOTEXHOJIOTUIHBIX METOIOB
IUATHOCTUKU U JICUCHUS IIPU ITHUPOKOM PaCIIPO-
CTpaHEHUU MHUKPOOPTAaHU3MOB C MHOXKECTBEHHOM
JIEKapCTBEHHOI YCTOMUYMBOCTBIO OIIPEHCSIISTIOT He-
00XOIMMOCTH HEIPEPHIBHOTO COBEPIIICHCTBOBAHM ST
SMMUASMUOJIOTMTISCKOT0 Haa30pa 1 MUKPOOMOJIOTH -
YeCKOr0 MOHUTOPUHTA TaHHOM I'PYIITH MH(EeKITUIA.

Lless pa®OTHI: POBECTU SITUASMUOJIOTUICCKU I
aHanu3 3a6oneBaemMoctu MCMII B IIpuMopckom
Kpae U ONpenejuTh YAeIbHbII BeC BHYTPUOOJIb-
HUIHBIX MHDeknnit (BBN), BOBHUKIIINX B XUPYP-
TMYeCcKnX ctaimoHapax n otaeaeHusax JITIO, B 00-
meit ctpykrype MCMIT.
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[ocnuTanbHble MHOEKLMK B [TpUMOPCKOM Kpae

Marepuanbsl 1 MeToapl

B pabGoTe ncnonb30BajuCh JaHHBIE U3 CTATU-
ctruueckoit popmbl Ne 2 «CBeneHHST 00 MHMpEKIIN-
OHHBIX U Mapa3uTapHbIX 3abojeBaHUsIX» B [lpu-
MOPCKOM Kpae. MeTon ucCleIOoBaHUS — PeTpPO-
CIIEKTUBHBIN 2MUIEMUOJIOTUYECKU A aHATU3.

Pesynbrathl

B 2015 r. B [IppuMopcKoM Kpae 3apeructTpmupoBa-
Ho 159 cnyuyaeB MCMII, nokazarenb 3a00JieBaeMO-
ctu coctaBui 0,05 Ha 1000 mposieyeHHBIX MTallueH-
TOB. B cpaBHeHMnu ¢ 2014 r. 3a60JieBaeMOCTh CHU3U-
J1ach, TeMN cHUKeHus1 coctaBui 28%. Ilo naHHBIM
CTAaTUCTUYECKOM OTYETHOCTHM HauOOJibllee KOJU-
yecTBO ciaydyaeB MCMII BBISIBJIEHO B pOAOBCITIO-
MoraTejabHbIX yupexaeHusx — 60 caydaeB (38%
ot Bcex BBM), B neTckux crauuoHapax — 46 (29%)
U B XUPYPrUUECKMUX CTAllMOHAPAX U OTACICHUSIX —
33 (21%). Ocranbubie UCIIM 3aperucTpupoBaHbl
B aMOyJIAaTOPHO-HOJUKJIMHUYECKUX YUPEKIASHUSIX
U B YUYPEXKJCHUSIX TepaIlleBTUUECKOIro MHpoduis.
OTMeuaeTcsi HEKOTOpasi TEHACHLIMS K POCTY YACIb-
Horo Beca BBUM B xupypruyeckux cralmoHapax
u otaeneHusx JI1O: 15% B 2012 1., 14% B 2013 1.,
17% B 2014 1. u 21% ot Bcex ciiyyaee MCMII
B 2015 1. B ctpyktype UCMII Ha TeppuTopuu I[1pu-
Mopckoro kpast B 2015 1., KaKk U B TIpeablayliue
rojbl, JOMUHUPOBAIU OCTPbIe KUILIEYHbIC UH(EK-
unu (35 cnyyaeB — 22%) U THOMHO-CENTUUYECKHE
MHGPEKIUU Y HOBOPOXKAeHHBIX (34 ciyuas — 21%).
Bropoe u TpeTbe MecTO 3aHSIJM MHGPEKLIUU Opra-
HOB JbIXaHWsI U IbIXaTEJIbHbIX IyTel M T'HOMHO-
cenruyeckre MHPeKUUU y ponuabHu (18 u 16%
cooTBeTCTBeHHO). MH(peku, cBsg3aHHbIE C Ore-
paTUBHBIM BMEIIATEIbCTBOM, 3aperMCTPUPOBAHBI
B 12% (18 cnyuaeB). OctanbHbie MCMII nipuxonsit-
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YCOBEPLULEHCTBOBAHWE METOLOB
BbIAEJIEHUA BAKTEPUODAIOB K. OXYTOCA

I.P. Caapraunosa

Yavanoeckuii eocydapcmeennwiii aepaphuiii ynusepcumem umenu I1.A. Cmoavinuna, Yavanoseckas obaacms, Poccus

Pe3rome. B craThe mpencTaBieHBl pe3yabTaThl HCCIICIOBAHMS, CBI3aHHBIE C IOBBIIIEHNEM 3(DGEKTUBHOCTH BBIACICHUS
(baroB GaxTepuii Buna K. oxyfoca, 3a cueT pa3pabOTKH ONTUMAJIbHOIO COCTAaBa CPEbl, MCIIOIb3yeMOi B padoTe. B Hayu-
HBIX UCCJIEIOBAHUSIX IIPAKTUYECKU BO BCEX METOIMKAX, CBI3aHHBIX C BblIe/IcHEM OaKTeprodaros, B KAYeCTBE IUTATE/Ib-
HOI OCHOBBI HICTTOJTB3YIOTCST MSICOTIETITOHHBIN OYJIBOH 1 MSICOITENITOHHBIN arap. OCOOEHHOCTH pOCTa U KYJIBTUBUPOBAHUS
MHUKPOOPTaHW3MOB CO3JAI0T OIpeIeICHHBIE CIIOKHOCTH TSI BBIACICHUS (DaroB, aKTUBHBIX B OTHOIIICHUH OaKTepUii BUIa
K. oxytoca. TTon6op KOMIIOHEHTOB ¥ CO3IaHKe CPEIbI, KOTOpast obecriedrBasia Obl ONTUMAaJIbHBIN POCT KaK OaKTepra bHON
KYJIBTYPBI, TaK ¥ PEPONYKIIMY BUPYCa TO3BOJISIET 00JIETYNTh paboTy IO BEIIEICHUIO OakTeprodaros. Yucio 6akTepu-
aJIbHBIX IIITAMMOB, MCITOJIb3YeMBIX B paboTe — 7. Bce mTaMMBbl KyJIBTYp MOJYYEHBI 3 My3est Kadeapbl MUKPOOHOJIOT M,
BUPYCOJIOT MU, SITU300TOJIOTUH U BeTepMHApHO-caHuTapHo aKkcrepTr3bl PI'BOY BO YiabsgHOBCKMIA rocymapCcTBEHHBII
arpapHbiii yaubepcutet umenu I1.A. Cronbinuna. MccaenoBanus BKIoYaau B ce0st 2 OCHOBHBIX 3Tana. [lepBblii aTamn
BKJTIOYAJI BhIIEJICHME OakTeprodaroB U3 BHEILIHEH cpeibl o MeToauke AnenbcoHa JI.W., Jsmenko E.A. Marepuanom mist
HCCIeI0BaHU I OB TTPOOBI TIOUBBI, CTOUHBIX BOM, (peKanuii (2) — Bcero 4 mpoobl. CorinacHo BEIOpaHHOI METOIMKE, BbI-
CeB Mpe/IonaraeMoro (arojausaTa OCyLIeCTBISIA Ha MsiconenToHHblii arap (1,5%) 1 mpeniaraeMblii HAMU arap JJisl Bbl-
neenus 6aktepuodaros (AD) (1,5%). [1o10KUTeTbHBIM PE3YIBTaTOM CUUTAIM HAaJTMYKE Ha CPelie HEraTUBHBIX KOJIOHMIA,
XOPOILIO BUAMMBIX HA MATOBOM (DOHE TITyOMHHOro pocta 0akTepuii. OTpULIATEIbHBIM PE3YIBTATOM —CILIOLIHOM POCT («ra-
30H») 0aKTepHaIbHOM KYIBTYPHL. B KauecTBe KOHTPOJIS UCIIONB30BaJIN IIOCEB M3y4aeMOro MUKPOOPTraHU3Ma Ha TaHHbBIE
cpenbl. B xome TpoBOIMMBIX MCCIICIOBAHMIA ITO IIEPBOMY 3TaITy OBLIO BBIAEICHO 2 OakTepruodara, aKTHBHBIX B OTHOIICHU T
MCKOMOTO BHJIa MUKPOOpTraHu3Ma. BTopoii 3TalT 3aKIIroJacs B CpaBHUTEIIEHOM aHaJIM3e TIoKa3aTesieil KYJIBTUBIPOBa-
HMWS BBIIEJIEHHBIX (DaroB Ha CTAHAaPTHOM MSICOTIETTTOHHOM arape ¥ IpetaraeMoi cpefie IJTsl BEIIeIeH !SI 0aKTeprnodaros.
Takzke OBLTN OIpeeIeHbI OCHOBHBIE OMOJIOTMYEeCKME CBOMCTBA M3yYaeMbIX (paroB: MOp(OIOrnus HeraTUBHBIX KOJIOHWIA,
JIUTUYECKAsk aKTUBHOCTD, criellnUIHOCTh. OOpa30oBaBIIMecs: Ha CpaBHUBAEMBIX CpeaX HETaTMBHbBIC KOJJOHUU OTHECIN
K OIHOMY TuIly. JIuTMYecKast aKTUBHOCTb M3y4aeMbIX (paroB Ha MsSICONENITOHHOM arape U cpeae A®D Obljia 0IMHAKOBOM.
Mo I'pauma 2 x 107 BOE/ma auist 6aktepuodara KO-3 YITCXA, (3—4) x 108 BOE/mun njst 6aktepuodara KO-8724 YTCXA.
BrinenenHble OakTeprodaru He MPOSBUIN JUTUIECCKYIO0 aKTUBHOCTb B OTHOILICHUY IITAMMOB IeTEPOreHHBIX KYJIBTYP
(Escherichia spp., Citrobacter spp., Serratia spp., Hafnia spp., Yersinia spp.).

Karoueevie caosa: 6axmepuu, baxmepuogaeu, gvidenenue, Memoo, mMoppoaoeus, Aumu4ecKas aKkmueHoCb.

K. OXYTOCA BACTERIOPHAGES ISOLATION METHODS IMPROVEMENT
Sadrtdinova G.R.
Ulyanovsk State Agrarian University named after P.A. Stolypin, Ulyanovsk region, Russian Federaton

Abstract. The article presents the results of a study related to increasing the efficiency of phage isolation of bacteria of the
species K. oxytoca, by developing the optimal composition of the medium used in the work. In scientific research, in al-
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most all methods associated with the isolation of bacteriophages, meat-peptone broth and meat-peptone agar are used as
the nutrient basis. The peculiarities of growth and cultivation of microorganisms create certain difficulties for the isolation
of phages active against bacteria of the species K. oxytoca. The selection of components and the creation of an environ-
ment that would ensure the optimal growth of both the bacterial culture and the reproduction of the virus makes it possible
to facilitate the isolation of bacteriophages. The number of bacterial strains used in the work was 7. All strains of cultures
were obtained from the Museum of the Department of Microbiology, Virology, Epizootology and Veterinary and Sanitary
Expertise of the Federal State Budget Educational Institution of Higher Education “Ulyanovsk State Agrarian University
named after P.A. Stolypin”. The studies included 2 main stages. The first stage consisted in isolation of bacteriophages by
the method of isolation from the external environment by the method of Adelson L.I., Lyashenko E.A. The material for the
studies were samples: soil, sewage sample, fecal samples (2). Only 4 samples. According to the chosen method, the sowing
of the putative phagolysate was carried out on meat-peptone agar (1.5%) and the agar for isolating bacteriophages (Aph)
(1.5%). A positive result was the presence on the environment of negative colonies, clearly visible on the matt background
of deep growth of bacteria. A negative result is a continuous growth (“lawn”) of bacterial culture. As a control, the culture
of the microorganism studied was used for the media. In the course of the conducted studies for the first stage, 2 bacte-
riophages were isolated, active against the desired species of microorganism. The second stage consisted in a compara-
tive analysis of the indices of cultivation of the isolated phages on standard meat-peptone agar and the proposed medium
for isolation of bacteriophages. The main biological properties of the phages studied were also determined: morphology
of negative colonies, lytic activity, specificity. The negative colonies formed on the compared media were classified as one
type. The lytic activity of the studied phages on meat-peptone agar and Aph medium was the same. According to Grazia
2 x 10 BOE/ml for bacteriophage KO-3 UGSHA, (3—4) x 10® BOE/ml for bacteriophage KO-8724 UGSHA. The isolated
bacteriophages showed no lytic activity against strains of heterogenecous crops (Escherichia spp., Citrobacter spp., Serratia

spp., Hafnia spp., Yersinia spp.).

Key words: bacteria, bacteriophages, isolation, method, morphology, lytic activity.

BeepgeHue

OauH u3 crnoco6oB O00pbOBI C MAaTOT€HHbIMU
OakTepusIMU — HCHOJb30BaHUE OaKkTepuoda-
roB. MHccnenoBaHusi OWOJOTUYECKUX CBOMCTB
0akTepnodaroB, BBIMOJHEHHBEIE C MOMEHTa HX
MOJIYYCeHHUsI, MO3BOJMJIHN IIHUPOKO HCIOJb30BaTh
9TU BUPYCH OAKTEPpUI IJIs1 peIIeHUS MHOTHUX 3a-
a4y B MUKPOOMOJIOTUHU, BUPYCOJOTUH, TEHETUKE,
MOJIEKYJISIPHOI OMOJIOTUX, UMMYHOJIOTUM, Padu-
obuoJiIoruu, OUOTEXHOJOTUU U APYTUX 00JaCTIX
ouosioruu. [ToaToMy mpoliecc U3ydeHusI BUPYCOB
MPOKapuOT, XapaKTepU30BaBIIMICS BHaYale Kak
y3Kasg 00JacTh MEIUIIMHCKOW MUKPOOWOIOTUMH,
B HacToOsIlIee BpeMs Ipruodpes1 o011ednoiornuec-
Koe 3HaueHue [4].

BrigeneHneM um u3ydyeHUeM OakTepuodaron
Klebsiella 3aHuManuch pa3dHble HayYHbI€ IIKOJIbI,
KakK B Hallleil cTpaHe, TaK U 3a pyOoexXoM. AKTUB-
Has paboTta B 3TOK oOJacTM TPOBOAMJIACH OT-
€UCCTBEHHBIMU, TMOJBCKUMH W BEHTEePCKUMHU
yueHbIMU (Przondo-Hessek, 1966; Slopek et al.,
1967; 1978; I'abpuaosBuu ¢ coasT., 1970, 1973, 1981,
1983; Gaston et al., 1987; Pieroni et al., 1994; Ixa-
napupase ¢ coanT., 2005; BacunaweB I.A. ¢ coaBT.,
2001-2016).

baktepuu Buna K. oxyfoca 3aHUMAIOT cClje-
aylouiee (1Mo YUCAy BbI3bIBaeMbIX 3a00JieBaHU)
nocne K. pneumoniae mecto. B HOpMe maHHBINU
MUKPOOPTAaHU3M BCTpeUYaeTCs B KEJTYIOYHO-KU-
IICYHOM TpPaKTe, Ha KOXEe M CIMU3UCTON 000JIOUKE
IBIXaTCJbHBIX MTyTel YyeaoBeKa. MUKpOOpTaHU3M

SIBJISICTCS IPUIMHON OCTPBIX KUIIIEUHBIX 32001~
BaHMI MOJIOMHSIKA XXMBOTHBIX U nTull. CienoBa-
TeJbHO, MOJIydeHUe creuuduyeckux ¢aros, ak-
THUBHBIX B OTHOLIEHUM OaKTepuii JaHHOIO BU.A,
SIBJISIETCS aKTyaJlbHbBIM [2].

B MeTommkax, CBI3aHHBIX C BHIJICJICHUEM OaK-
TeprodaroB, OCHOBHBIM MHUTATEIBHBIM CyOCTpa-
TOM CJIIy>XUT MSCONENTOHHBIN arap. B cocras
MaHHOW Cpembl BXOOUT: MENTOH, 3KCTPAKT MSIC-
HOIi, HaTpus xJjopua, arap-arap. [lokasarens pH
cpennl (7,4+0,2). JanHas BeauuuHa pH s 6ak-
TEpUl M3ydyaeMoro BUJa HE BCerga siBJIsIeTCs OM-
TUMaJibHOM. OTITUMaJIbHasI BeJIMYNHA IJ1sT 0aKTe-
puii Buna K. oxytoca pH ont = 7,2.

Llenp MccnemoBaHUSA 3aKIHO4Yalach B ONTUMU-
3aMM PEe3YyJIbTAaTOB BBIIEICHUS OaKTepuodaron
oakTepuit K. oxytoca, 3a cueT MOTUMPUKAILIUH CPe-
IIbl KYJIbTUBUPOBAHUSI.

Martepuanbl n MeTogb!

B paGoTe ucnonb3oBaau MITAMMbI U3y4aeMO-
ro Buma MukpoopranusMma: K. oxytoca ATCC 8724,
K. oxytoca 1, K. oxytoca 2, K. oxytoca 3, K. oxytoca 24,
K. oxytoca 25, K. oxytoca 26.

Hamu npennoxeHa ciaeayolas IpoIuch Cpeabl,
KOTOPYIO MJIaHUPYETCS UCMOJIb30BaTh MPpU padboTe
¢ 6baktepunodaramu (AD-arap 1 BeIACIICHUS OaK-
Tepuodaron): MENTOH (MCTOYHUK HEOOXOAUMBIX
aMUHOKUCJIOT), JPOXKKEBOU IKCTPAKT (MCTOUYHUK
BUTAaMHUHOB M MUKPOBRJICMCHTOB), HATPUS XJIOPUI
(n1a moamepKaHUST HOPMAaJIbHOTO OCMOTHUYECKOTO
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OayiaHca), arap-arap (B KaueCcTBe 3aryCTUTEJISI cpe-
ITBI, JUJTST TIOAAep>KaHW s HEOOXOIMMOM TJIOTHOCTH).
Koneunoe 3nauenue pH (7,1£0,1).

IIpennoxxeHHBI HAMU BapuaHT Cpeabl (IT0 KO-
JINYECTBEHHBIM COCTABJISIIOIINM) MOXET OBITH BU-
JIOM3MEHEH B IOCIEAYIOIINX UCCICIOBAHUSIX.

IlepBasi cepus onbITOB BKJIloYajaa B ceOs MO-
JydyeHue OakTepruodaroB METOAOM BbIACICHUS
W3 BHEIIHeH cpens [1, 6].

Bropast cepust ombITOB 3akjam4aiach B IIPO-
BEepKe CPaBHUTEIBHBIX ITOKa3aTejieil KyJIbTUBU-
poBaHMS BBIACJICHHBIX (haroB Ha CTaHIAPTHOM
MSICOTIETITOHHOM arape U IpeajiaraeMoil HaMu
cpene s BelaenaeHUs1 6akrtepuodaroB. Ocoboe
BHUMaHUe oOpaliaiu Ha Mop¢OJIOruio obpa3o-
BaHHBIX HEraTUBHBIX KOJOHUM, UX JTUTUUYECKYIO
aKTUBHOCTbH (COXpaHeHUE aKTUBHOCTH), CHEIM-
GUYHOCTH (CXOAHOCTH) [4, 5].

Pesynbrathl

OOpa3subl A1 UccaeaoBaHus: ITpoda MOYBHI,
npoba CTOYHBIX BoJ, NpoObl (pekanuii (2). Bee-
ro 4 npo6sl. B K010y, coaepKalilyo CTepUIbHbI
MSICOMENTOHHBIN OyJAbOH B KojJuuecTBe 50 M,
BHocunu 10 MJI uccieayeMoro mMarepuasa U 10
0,5 M Bcex u3ydyaeMbIX IITAMMOB OakTepuid
K. oxytoca — K. oxytoca ATCC §724, K. oxytoca 1,
K. oxytoca 2, K. oxytoca 3, K. oxytoca 24,
K. oxytoca 25, K. oxytoca 26. Takum oOpa3oM,
Kaxjaasi mpoba UCIbIThIBaJach Ha Haauuyue ¢a-
rOB KO BCEM MMEIOIIMMCS KyJabTypaM OakTepuid
K. oxytoca. laHHY10 KOJIOY MoMellalu B TEPMO-
cTaT U UHKYOUpoBaau B TeyeHue 3 cyt npu 37°C.
IMocne sToro comepXxumoe KOJIObI pas3juBaIu
B CTepUJIbHBIE TTPOOMPKU, LEHTPUDyTrupoBaIu.

OaHy 4YacThb HaAOCaAOYHOM KMIKOCTU oOOpa-
OarbiBaau xJiopodpopMom (B pazBeaeHuu 1:10),
a BTOpPYIO IIporpeBajii Ha BOASHON OaHe IIpH
60°C B Teuenne 30 MuH. MsCONENTOHHBIN arap
(1,5%) n arap ays BblaeideHust 6akTepuodaros
(AD) (1,5%) npeaBapUTEJIbHO pa3iMBaJIu B Yalll-
ku IleTpu m BhICylIMBaau B Te4yeHUU 1—2 nHel
B ycJaoBUsIX TepMocTaTa. [locie aToro B mpooup-
Ky ¢ 2,5 M 0,7% pacriiaBJIeHHOTO M OCTY>KEH-
Horo a0 45°C arapa BHocAT 0,5 MJI uccieayemMo-
ro ueHtpudyrara u 0,2 MJI CyTOYHOU KyJIbTYPHI.
CopmepknumMoe IIPOOHPOK OBICTPO MepeMellnBaIn
¥ BBUIMBAJIM Ha M3y4aeMble IJIOTHBIE cpeanl. [1o-
ceBbl UHKYOUpoBanau npu 37°C. Yuer pe3ynbra-
TOB npoBoauan yepes 18—20 4. [TonoXUTEeAbHBIM
pe3yabTaTOM CUMTAlW Haludyue Ha cpele Hera-
TUBHBIX KOJIOHUM, XOPOIIO BUIAMMBIX Ha MaTO-
BOM (poHe TJIyOMHHOTO pocTa O6akTepuil, oTpu-
LaTeJbHBIM — CIUJIONIHOW pOCT («ra3oH») Oak-
TepHuaJibHOM KYyJbTYPHEL. B KadecTBe KOHTPOJIS
HMCIIOJIb30BAaJIM ITIOCEB M3y4aeMOTo MHMKpoopra-
HHU3Ma Ha JaHHBIC CPEIbl.

PesynbraThl uccienoBaHUl, CBSI3aHHBIE C BbIIE-
neHue 6akteprodaros, MpeACTaBICHbI B TadbuLe 1.

JaHHble TaOGJULbl 1 MO3BOJSIOT 3aKJIIOUUTH,
YTO M3 BHEIIHEW cpelbl HaMU OBIJIO BBIIEIECHO
2 6akTepuopara:

— obakrtepuodar KO-3 YTCXA — 6akTepuodar,

aKTUBHBIN B OTHOILIeHU U mTamma K. oxyfoca 3;

— Oaktepuodar KO-8724 YI'CXA — 0Oakte-

puodar, akKTUBHBIII B OTHOIICHWH IIITaMMa

K. oxytoca ATCC 8724.

CTOUT OTMETHTH, UTO M3 mpoOsl No 1 Hau-
Yre HeraTUBHBIX KOJOHUI (PUKCUPOBAIU TOJBKO
Ha cpene AD — GakTeprodar, aKTUBHBIM B OTHO-
meHuu mramma K. oxytoca 3.

Ta6nuua 1. PesynbTtaTtbl BbigeneHus 6aktepuodaros K. oxytoca 3 o00bekToB BHeLLHel cpefbl
Table 1. Results of isolation of K. oxytoca bacteriophages from environmental objects

Uccnepyemas npoGa
Test sample
Wccnepyembiit iramm Ne 1 Ne 2 Ne 3 Ne 4
The investigated strain
MMNA AdD MMNA Ad MMNA AD MMNA AdD
NA APh NA APh NA APh NA APh
K. oxytoca ATCC 8724 - - - - + + - -
K. oxytoca 1 - - - - - - - -
K. oxytoca 2 - - - - - - - _
K. oxytoca 3 - + - - - - - _
K. oxytoca 24 - - - - - - - _
K. oxytoca 25 - - - - - — - _
K. oxytoca 26 - - - - - - - _
ﬂpumeqauue: «t+» — HaNM4ne HeraTuBHbIX KOJ'IOHVII7|, «—» — OTCYTCTBME HEraTUBHbIX KONOHWA.
Note: «+» — presence of negative colonies, «—» — absence of negative colonies.
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TaGnuua 2. Mopdonorus HeraTMBHbIX KOJIOHUIA OakTepuodaros K. oxytoca
Table 2. Morphology of negative colonies of bacteriophages K. oxytoca

MuTtaTtenbHasa cpepa
Nutrient medium
HasBaHue MnNA Ao
dara NA APh
Name BenuuunHa Tvn Xapaktep BenuuunHa Tun Xapaktep
of the phage - . HeraTUBHBbIX N . HeraTUBHbIX
KOJIOHUA, MM | KOJIOHUIA KOOHMWIA KOJIOHWUI, MM | KOJIOHUWA KOMOHMIA
Value Atype Value Atype
of colonies, mm | of colonies Theinature . of colonies, mm | of colonies The.nature .
of negative colonies of negative colonies
Menkue,
Kpyrnble, cnaboi MenkKue, Kpyrnbie,
NpPO3payHOCTM npo3payHbie
KO-3 YFCXA 0,5-1.0 I C HEPOBHbLIMY 1,0-1.2 I C POBHbLIMU KpasiMun
KO-3 UGSHA Kpasmu small, round,
small, round, weak transparent with
transparency with even edges
uneven edges
Menkue,
Kpyrnble, cnaboin MenKue, Kpyribie,
Npo3payHOCT npo3payHbie
KO-8724 YTCXA 0.5-1.0 I C HEPOBHbLIMY 10-15 I C POBHbLIMU KpasiMun
KO-8724 UGSHA o Kpasmu o small, round,
small, round, weak transparent with
transparency with even edges
uneven edges

Mopdosioruio HeraTUBHBIX KOJIOHUI MU3ydaau
B pasBegeHuu @aros 107°—10° ¢ MHAMKATOPHOM
KyJabrypoii Ha MITA u AD B moceBax MeTOAOM
arapoBbIX cjoeB o I'panua. YyeT npoBoauau ye-
pe3 18 4 nunkybauuu B TepMoOcCTaTe Npu TeMIiepa-
type 37°C. OT™Mevanu BeTMYNHY HETAaTUBHBIX KO-
JIoHU I, hopMYy, CTeTIeHb ITPO3PadYHOCTHU, XapaKTep
KpaeB KOJJOHU I, HaIWYHWe U BEJIUNYNHY HETIOJTHOTO
nusuca (tTabi. 2).

OOpa3oBaBuIrecss Ha CpaBHMBAaeMbIX cpeaax
HEeraTUBHBIC KOJIOHUM OTHECIM K OJHOMY THUITY
(puc. 1, III obnoxka). OTMETUIU KOJUYECTBEH-
Hble pa3znauuusi- Ha MITA HeraTUBHBIX KOJOHUW
OBIJTIO OOJIBIIIE, YeM Ha MpeajiaracMoii HaMU cpeie.
Takzke oTaMUMs 3aKJIIOYAJIUCh B pa3Mepe KOJIO-
HMI1 1 XapaKTepe KOHTypa Kpasi. Tak, Ha cpeae AD
OakTepuodaru oOpa3oBLIBAIM HEraTUBHBIE KO-
JOHUM BeJAUYMHOUN 1—1,5 MM, MeJiKue, Kpyribie,
npo3payHble U C POBHbIMU Kpasmu. Ha MITA
darn oTiMYaInCh MEHBIIMM pa3MepoM, OoJiee
caboil TMPO3PavHOCThIO KOJOHUUM W HEPOBHBIM
KOHTYPOM Kpas.

OmnpenesieHne cnenqMPUIHOCTU OaKTepruodaron
MPOBOIMIA METOIOM «CTeKaloIei Karim». M3yde-
HUe crnenudUIHOCTU OakTepuodaroB IMPOBOIUIIN
M0 OTHOIIEHUIO K TIPEACTaBUTEISIM APYTUX PO-
noB ceMelictBa Enterobacteriaceae: Escherichia spp.,
Citrobacter spp., Serratia spp., Hafnia spp., Yersi-
nia spp. dast sToro Ha moBepxHOCTh MITA u AD
B yamrkax I[lerpu Hanocunu 0,4—0,5 mir 18-gyacoBoii

uccienyeMoil KynabTypbl. bakTepuaiabHylO KyJib-
TYpy pacTupajlu pPaBHOMEPHO LIMAaTeJIeM MO TMOo-
BEPXHOCTU Cpenbl s TnojydyeHus razoHa. Ilocrie
MOJICYIIIMBAHM S Ta30Ha KYJIbTYPbl Ha TIOBEPXHOCTh
cpeabl HAHOCUJIM KaIJiu hu3ydyaeMbix 6akTepuoda-
TOB M HAKJIOHSIU YalllKU, YTOOBI KaIlJIu CTEKJIU.
B kauecTBe KOHTPOJISI HAHOCUJIM KaTUTIO CTEPUITb-
Horo MIIB (puc. 2, I11 o610kxKa).

BrigenenHblie 6akTepuodaru He IpoOsSIBUIMT JT1-
TUYECKYI0 aKTMBHOCTh B OTHOIIEHUU IITAMMOB
reTeporeHHbIX KyJbTyp. Ha cpene AD «crTekaro-
1as KamnJjsi» oTauyaaach 60oJjiee YeTKOU 30HOMI 00-
Pa30BaHHOTO JIU3UCA.

JInTuyeckyro aKTUBHOCTbL OakTepuodara ole-
HUBAJW TI0 €ro CHOCOOHOCTH BBI3BIBATH JIM3UC
0akTepuanbHOW KYJBTYPhl B XUIKUX WJIU TIJIOT-
HBIX MUTATEJbHBIX Cpenax. AKTUBHOCTb IO Me-
Tony ATIMejlbMaHa BbIpakaeTcsl MaKCUMaJIbHbIM
pa3BelleHHeM, B KOTOPOM MCIIBITYeMbIii OaKTepu-
odar nposBUJI CBOe JIUTUUYECKOE eiicTBUe. bonee
TOYHBIM METOJOM OILIEHKU JIMTUYECKON aKTHUB-
HOCTU OakTepuodara siBisieTcsl onpeaesieHue Ko-
JINYEeCTBA aKTUBHBIX KOPTMYCKYN dara B eNMHULIE
ob6bema o metony I'pamua.

HMunukatopHbie KyabTypbl K. oxytoca ATCC
8724, K. oxytoca 3 BbIpallBaiu Ha CTaHIApPTHOM
MIIb B TeyeHue 18—20 4u. JIUTHUYECKYIO aKTUB-
HOCTh OakTepuodaroB OIpPeneasiyii B XUIKUX
(o meToay AnnejabMaHa) U MJIOTHBIX (IO METOLY
I'pauua) nurarenbHBIX Cpenax.
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Ta6nuua 3. JIutnyeckas akTMBHOCTb 6akTepuodaros Bupa K. oxytoca
Table 3. Lytic activity of bacteriophages of the species K. oxytoca

HaseaHue dara UHaukaTopHasa KynbTypa MutatenbHasa cpepa AKTMHZH?:;Z:;MOB
Name of the phage Indicator culture Nutrient medium Phage activity by Grazia
MIIA 210
KO-3 YFCXA K oxvioca 3 NA
KO-3 UGSHA o AD ,
APh x10
MIIA 3% 10°
KO-8724 YTCXA NA
KO-8724 UGSHA K. oxytoca ATCC 8724 v 8
APh 4x10

OnpeneneHue JINTUYECKOMN AKTUBHOCTU
no Metony I'panma (BeIpaxaeTcsl 4yucjioM ¢aro-
BbIX Kopnyckyia B 1 mi). 1,5% MIIA u AD pas-
auBaau o yamkam 20—30 mi. g nmogaBiieHUS
pocTa BO3AYIUTHOW MUKPOMIIOpPH Iepen pas3jiu-
BOM 100aBJIsiIiM K pacraBieHHoMmy arapy 0,04%
criupToBOl pacTBop reHuuansuosera (0,1 ma
Ha Kaxaeie 100 max MITA). Yamku nmoacymnBa-
U B TepMocTaTe B TedeHue 18—24 4. 3atem 1 ma
dara (B pasBeaseHuu ot 10~ mo 10~°) BHOCHIK
B rpooupku ¢ 2,5 miu 0,7% arapa, npeaBapuTeib-
HO pacIlJIaBJIEHHOTO U OCTYXXeHHOro 10 46—48°C,
Tyaa xe godapasau 0,2 Ma CyTOUHON OyJIbOHHOM
KYJABTYPBI, CMECh TIIATEJbHO IIEpeMEIINBaIN,
BpalieHUeM IIPpOOHPKHU B JIAMOHSIX, M BBHIIIMBAIINA
Ha MMOBEpPXHOCTH 1,5% arapa, yallku IJ1s1 3aTBep-
JICHUS OCTaBJIsJIK Ha cTtojie Ha 30 MMH, a 3aTeM
MHKYOUpoBanu B TepMmocTare npu 37°C B Teue-
Hue 18—24 4. Ilocne MHKyOa MM MOACUYUTHIBAIN
KOJIMYECTBO HEraTUBHBIX KOJJOHUM hara U yMHO-
JKaJIM OJIYydeHHOE YMCJIO Ha CTETIeHb pa3BeaecH U
(Tabu. 3).
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NMPOBUOTUHECKUE HUCTALLUE CPELCTBA
A9 NOBEPXHOCTEN KAK BOSMOXHA4
AJIbTEPHATUBA TPAOAULUNOHHDBIM
AESNHOEKTAHTAM

A.I'. Apunorenosa'?, JI.A. Kpaesa!, I'.E. A¢unorenos?, B.B. Beperennukos'

KpaTtkue coobLieHuns

NHdekumns n uMmyHnTeT
2017, T.7,Ne 4, c. 419-424

'®@FYH HUH snudemuonoeuu u muxpoouosoeuu umenu Illacmepa, Cankm-Ilemep6ype, Poccus
2Canxkm-Ilemep6ypeckuii eocyoapcmeennuiii ynugepcumem, Cankm-Ilemep6ype, Poccus

Pestome. M3BecTHO, UTO J10OBIE MOBEPXHOCTU OKpPYXKalouUlei cpelbl B JeueOHO-NTPOGUIaKTUYECKUX OpraHU3alusIX
SIBJISIIOTCSI p€3ePBYapoOM 111 MUKPOOPTraHU3MOB U CIIOCOOCTBYIOT Mepenaye MaToreHoB, yBeAnuMBasi pUCK MepeKpecT-
HOT0 3arpsiI3HEHU S Yepe3 OrocpeIoBaHHbIN KOHTAKT ¢ narueHToM. [llnpokoe u He Bceraa pallMioHaIbHOE UCTIOIb30-
BaHME XUMUYECKUX AC3MHOULIUPYIOIIUX CPEICTB HECET PUCKHU TSI 0€30MaCHOCTH OKpYyKalolleil cpenbl, malueH-
Ta U MEAUIIMHCKOTO TIepCOHaa. B ¢BSI3M ¢ 3TUM aKTyaJTbHBIM OCTAeTCs IMIOMCK aJIbTePHATUBHBIX METOIOB OUMCTKHU
1 00e33apaxxMBaHUs aOMOTUUYCCKUX IIOBEPXHOCTEH B YUPEKICHUSIX 31paBOOXpaHeHUS. TeCTUpOBaIN CPEICTBO IS
OUMCTKY MTOMEIICHUH, comepxkaniee 3 mramma 6akrtepuit pomga Bacillus: B. subtillis, B. licheniformis, B. pumilus. I1po-
BonMJIM 00paboTKy momeleHuit meauuHckoro nentpa ®bYH HUMU snuaemMuonorun m MUKpoOUOJIOTUY UMEHUT
ITacTepa: mpouenypHoro KabuHeTa (OMbIT) U KabMHeTa Bpaya-TMHEKO0JIora (KOHTPOJIb C OOBIYHOI YOOPKOH 1 1e31H-
dexuueit). B reyuenue 30 nHeil moceB Mpod CMBIBOB C MOBEPXHOCTEH Mpou3BoaAUIN Ha 3 yaiku [1eTpu ¢ «<KpOBSHBIM»
arapoMm Ha OCHOBe cpelbl «arap ['mBeHTansi—BeabMuHOI» McTOlaOMIUM IWTpUuXxoM (Meton lonbaa). BeineaeHHbIe
KYJbTYpbl 0aKTepUit UACHTUPUIIUPOBATIN C TTOMOLIbBIO MUKPOCKOIUU, OMOXMMUUYECKOro Tunuposanus 1 MALDI-
TOF MS (Bruker). BkoHTpoJie u onbiTe B 1-ii 1eHb HAOII0AeH M1 10 Havajia yOOpKHU MoMelleH Ui BeiceBalu Enterococcus
Jaecium 10*—10° KOE/mu1. 1o 2-ro aHs HaOitoeHus B KOHTpoJIe TIpeobaanan E. faecium, 3aTeM €ro pocT IMpeKpaTucs.
Ha 2—4-it nenb Habmromanu poct OakTepuii cemeiictBa Enterobacteriaceae no 10° KOE/Mi, B maibHERIIEM X KOJIH-
yecTBO cocTaBisio 10 KOE/Mn nmo xoHua cpoka HabmoneHus (30 aueit). C 5-ro AHS B KOHTPOJIE BBISIBISIIIN POCT
bakTepuii poma Staphylococcus spp., B OCHOBHOM S. epidermidis. B oribiTe co 2-10 THS HAOIIOACHUS BBISIBISIIIN T0CTO-
BepHBIH pocT Bacillus spp. Ha ypoBHe 103 KOE/M1, 3aTeM 10 KOHIIA CpOKa 3KCIIEPUMEHTA UX KOJUIECTBO COCTABIISIO
10°—10° KOE/mn. B 1-2-ii nens BuisiBIsLIN pocT E. faecium, 3aTeM oH npekpatuics. Ha 2—4-ii neHp Hab1100a14 pOCT
GakTepuii cemeiictBa Enterobacteriaceae no ypousi 10° KOE/mn u Ha 8-it nenbp — 1o 102 KOE/MJ1, B ocTaibHbIe THU
POCT YCIIOBHO-TTATOT€HHON MUKPOOMOTHI OTCYTCTBOBAJ. CpefCcTBO /ISl OUMCTKY MTOMEIIEHW I Ha OCHOBE TTPOOMOTH-
KOB — OakTepuil poma Bacillus — cnep>XuBaeT poCcT CAHUTAPHO-MOKA3aTEIbHBIX MUKPOOPTaHU3MOB MO CPABHEHUIO
¢ KoHTpoJieM. TakuM 006pa3oM, cpecTBa MPOOMOTUUECKOM OYUCTKY He 00J1a1al0T OMOLIMIHBIM IeWCTBUEM, HO, KOH-
TaMUHUPYSI TOBEPXHOCTH, OHU TTOAABIISIOT POCT U paCIIpOCTPaHEHME YCJIOBHO-TIATOT€HHBIX 0aKTEPHUId.

Karouesvle caoea: npobuomuku, npoouomu4eckas O4ucmKa, Xumudeckue 0e3uH@exmanmol, 0O4UCmMKa NOGEPXHOCMeil, YCMOUHUBOCMb
namoeerog Kk 0e3uHpexmanman.
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PROBIOTIC-BASED SANITATION AS ALTERNATIVES TO CHEMICAL DISINFECTANTS
Afinogenova A.G.*", Kraeva L.A.?, Afinogenov G.E.?, Veretennikov V.V.?

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b St. Petersburg State University, St. Petersburg, Russian Federation

Abstract. It is known that any surfaces in environment of healthcare organizations are a reservoir for microorganisms and
contribute to transmission of pathogens, increasing the risk of cross-contamination through indirect contact with the pa-
tient. Wide and not always rational use of chemical disinfectants carries risks for the safety of the environment, the patient
and medical staff. In this regard, there remains the search for alternative methods of purification and decontamination
of abiotic surfaces in health care facilities. Tested the tool for cleaning areas that contain 3 strains of the genus Bacil-
lus: B. subtillis, B. licheniformis, B. pumilus. Were treated areas of the medical centre in St. Petersburg Pasteur Institute:
the treatment room (experience) and the office of the gynecologist (control with conventional cleaning and disinfection).
Within 30 days of the sowing of samples of swabs from surfaces were made of 3 Petri dishes with the “blood” agar-based
environment “agar of Givental-Witch” debilitating touch (gold method). Isolated cultures of bacteria identified by mi-
croscopy, biochemical typing and MALDI-TOF MS (Bruker). In control and the experience in the Ist day of observation
prior to the cleaning sown Enterococcus faecium 10*—10° CFU/ml. The 2" day of observation in the control was dominated
by E. faecium, then his growth stopped. For the 2"—4t day watched the growth of Enterobacteriaceae to 10 CFU/ml,
in the future, the number was 10 CFU/ml until the end of the observation period (30 days). The 5" day in the control re-
vealed the growth of bacteria of the genus Staphylococcus spp. mainly S. epidermidis. The experience from the 2™ day of ob-
servation revealed a significant increase in Bacillus spp. at 10° CFU/ml, then before the end of the experiment, the number
was 10°—10° CFU/ml. In the 152" day revealed growth of E. faecium, and then it stopped. For the 2"—4" day watched
the growth of Enterobacteriaceae to the level of 106 CFU/ml, on the 8" day — to 10> CFU/ml, the growth of conditionally
pathogenic microflora was absent. Cleaning of the premises on the basis of probiotic bacteria of the genus Bacillus inhibits
the growth of sanitary-indicative microorganisms compared to control. Thus, the means of probiotic treatment did not

have a biocidal effect, but inhabiting the surface, they inhibit the growth and proliferation of opportunistic bacteria.

Key words: probiotics, probiotic sanitation, chemical disinfectants, surface sanitation, resistance of pathogens to disinfectants.

Nudexkuuun, cBg3aHHBIE C OKa3aHUEM MEIU-
nuHckoil oMo (MCMII), gaBagioTCcsS OOHUM
U3 HauboJjiee 4YacThIX OCJIOXHEHWI, BO3HUKAIO-
XX Y MAallMeHTOB W MEAUIIMHCKOTO IepcoHaja
B YUPEXJEHUSIX 31PAaBOOXPAHEHUS U BbI3bIBAIO-
X 6ECIOKOUCTBO OTHOCUTEIBHO 0€30ITaCHOCTH
U KadyecTBa MEOUIIMHCKHUX YCIYT BO BCEM MUPE
[4]. EBpormeiickuii LIEHTP ITO KOHTPOJIIO 3a 3a00-
neBaHusMu nioanTBepau, uyto MUCMII gaBusgioTcs
rJ1aBHOU mpoOJsieMoli 3n1paBooxpaHeHus B EBporie
C pacnpoCTpaHEHHOCThIO B cpeaHeM 5,7% mnanu-
eHToB [11]. [To nanHbpiM HanmoHanbHOU acconu-
alliU CHEUATMCTOB MO KOHTPOJIO WHOEKIUMH,
CBSI3AHHBIX C OKAa3aHUEM MEIUIIMHCKOU MOMOIIN
(HIT «<HACKMW»), UCMII nopaxaiot 5—10% na-
IIMEHTOB, HAXOMSIINXCS B CTallMOHapax, U 3aHU-
MaloT JIECSITOE MECTO B PSIAY MPUUYUH CMEPTHOCTU
HaceneHusd. [Nanuentel ¢ UCMII Haxonsgarcs B Jie-
YeOHBIX YUPEXIAEeHUSIX B 2—3 pa3a AOJblIe, 4YeM
aHAJOTUYHbIE MAllUEHTHI 0€3 MPU3HAKOB UWHDEK-
HUU. DTO IBJIIETCS MMPUUYUHONA POCTAa CTOUMOCTHU
snedeHus B 3—4, a pucka JieTaJbHOTO MCXOda —
B 5—7 pa3. DkoHomuyeckuii yuepd or MCMII
B Poccuiickoit Denepaniny MOXET TOCTUTATh, KakK
MuHUMYM, 10—15 Mapa py6rneit B rog. OTu MH-
(heKIUU 3HAYUTETbHO CHUXKAIOT KAYECTBO KU3HU
NalreHTa, IPUBOASIT K MOTEPE pENyTallUU YUPEXK-
neHus 3apaBooxpaHeHus. B Poccuu nmo maHHBIM
obUIIMATTBHON CTATUCTUKU €XETOMHO PErucTpu-
pyetcs npumepHo 30 Thic. ciyyaeB UCMII (= 0,8

Ha 1000 mauueHTOB), OAHAKO, MO JaHHBIM BKC-
NepTOB, UX UCTUHHOE YUCJIO COCTABJSIET HE MEHEE
2—2,5 MJH yenoBek [1].

Mo cux mop obcyxk1aeMbIM BOIMPOCOM SIBJISIET-
Ccs 3HAUYeHMUE OKpyxXKalolleil cpeabl (OrpaHUYEH-
HOTO MPOCTPAHCTBA U OOCTAHOBKM) i1 310POBbS
NalureHTa B YUYPEXICHUSIX 3ApaBOOXPAHEHWUS,
MOCKOJIBKY OHa SBJSETCS HCTOYHUKOM YCJIOB-
HO-MAaTOT€HHbIX MUKPOOPTAHU3MOB, B TOM YUCJIE
BO30yauUTENEe rOCOUTAIbHBIX WH(EKIUNA, KOTO-
pble MOTYT COXPaHSTBCSI U PAa3MHOXAThCI B pas-
JIMYHBIX YBJIAXHSIOIIWX YCTPOWCTBaX, pPacTBO-
pax njsi MapeHTepabHOrO BBEIEHU S, HEKOTOPBIX
aHTucenTukax u aesmH@exrantax [1]. U3BecTHO,
4TO JII0OBIE TOBEPXHOCTU SIBJISIOTCS pE3€PBYyapoM
JUISI MUKPOOPraHU3MOB U CIOCOOCTBYIOT Mepeaaye
MaTOTreHOB, YBEJMYUBAs PUCK MTEPEKPECTHOTrO 3a-
TPSI3HEHU ST Yepe3 ONOCPEeNOBaHHBIM KOHTAKT C Ta-
nueHTom [14, 15]. TIpouenypbl OUMCTKU U AE3UH-
dex1u 00beKTOB OKPYXKaIOIIel Cpeabl HalleJIEHbl
Ha CHUXEHUE MOAOOHBIX PUCKOB IJIS1 MOAIepKa-
HUS CaHUTAPHO-3MUAEMUOJOTNYECKOTo OJaro-
NOJIyuyusl B yUPEXICHUIX 3ApaBooxpaHeHus. Mc-
MOJIb30BaHUE XHUMUYECKUX AE3UHOUIIUPYIOIIUX
cpencTB Ha Tepputopun Poccuiickoit Penepanuu
perjiaMeHTUPOBAHO HOPMATUBHBIMU HJOKYMEH-
TaMU W BHYTPEHHUMHU CTaHOApTaMU JEYEeOHBIX
opraHusalnuil, TpeOOBaHUS KOTOPBIX 00S3aTesb-
HBI IS UCHOJHEHU S, MTOCKOJbKY Ka4eCTBEHHAS
Ne3uH@EeKIIUsS TMOBEPXHOCTEN SBJISIETCS BaXXHBIM
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MPo6UOTMKM 4719 OYNCTKM NOBEPXHOCTER

MEPOITPUSATHEM NI NMPOPHUIAKTUKNA WHGEKIIUNA
[8] 1 MpUBOAUT K CYyLIECTBEHHOMY COKpPAIIEHUIO
yucnaa canyyaes MCMII [9].

IIpn aTOM MIKMpOKOEe M He BCerna pallioHaJb-
HO€ MCITOJIb30BaHUE XUMUUYECKUX IE3NHPOUIINPY-
IOIIMX CPENCTB HECET PUCKM IJIsI 0e30ITacHOCTH
OKpyXKalollei cpeabl, ManueHTa U MeIUIIMHCKOTO
nepcoHajga. MHUKpPOOpPraHU3Mbl CITOCOOHBI TPH-
crocabiMBaTbCsl KO MHOXKECTBY 3KOJIOTUYECKUX,
GUBUIESCKUX U XUMHUIECKUX YCITIOBH A, UYTO IIPUBO-
IUT K Pa3BUTHIO YCTOMYMBOCTU K IPUMEHSIEMBIM
B CTallMOHapaX aHTUMMKPOOHBIM CpeICcTBaM,
KaK JICKapCTBEHHBIM, TaK U K Je3WH(@EeKTaHTaM
u aHtucentukam [3]. B cBSI3u ¢ 3TUM akTyasb-
HBIM OCTaeTCsl MOUCK ajibTepHATUBHBIX METOIOB
OYMCTKHU U 00e33apakMBaHUsI aOMOTUYECKUX T10-
BEPXHOCTE B JIe4eOHO-TIPOGUIAKTUIECCKUX Op-
raHu3amusx.

Falagas & Makris B 2009 r. [12] npenjioxunu
HOBBII TTOAXOM — MCIOJb30BaHNWE HEITaTOreHHBIX
MUKPOOPraHW3MOB, & UMEHHO ITPOOUOTUKOB, KO-
TOpbIE CITOCOOHBI KOJOHU3UPOBATh TBEPABIEC ITO-
BEPXHOCTH W MPOTUBOACUCTBOBATH POCTY IPYTHUX
BUJOB 0OakKTepUil COTJIACHO KOHKYPEHTOCITOCOO0-
HOMY NPUHLIUNY UCKIIOUeHUS (3akoH I'a103a) [13].
DTO MOHSTHUE OTIPEALIISIET OMOIOTrNIECKOE PETyIn-
poBaHNE YUCIEHHOCTU MUKPOOOB, KOTAa POCT OI-
HOT'O BUJIa OAKTEPHil SIBJISIETCSI aHTAarOHUCTUYEC-
KM TI0 OTHOIIEHWIO K POCTY APYroro maToreH-
HOro MHMKpoopraHusma. Kak mojaraloT aBTOpPBI
HEKOTOPBIX HCCJIENOBAHUM, OCHOBHBIM ITPEMsIT-
CTBUEM, OTPAaHUYMBAIOIIMM UCITOJb30BaAHUE MPO-
OMOTHUKOB JJI51 OYMCTKU B JieueOHO-TTpodUIaKTU-
YeCKMX OpTaHU3aIMIX, IBJISIETCS PUCK 3apakeHU s
nalueHToB cropaMu Bacillus spp. 1 OTCyTCTBUE
CUCTEMAaTUYECKMUX MCCJIeNOBaHUI Oe30MacHOCTHU
npoouotukos [10]. B apyrux 3apy0exxHbIX UcCclie-
noBaHusix 2013—2017 rr. B TeueHue 4 JeT OLleHUBa-
au 3¢ HEKTUBHOCTb YUCTIIIMUX TTPOOUMOTUYECKUX
cpenctB (comepxamux 3—5 BUAOB Bacillus spp.)
0 CPAaBHEHUIO CO CTAHAAPTHBIMU XUMUIYSCKUMU
npemnapataMu Uil OYUCTKU M Ie3WH(MEKIINU T10-
BepxHocTeil. B 3Tux paboTax aBTOpbl MoKa3aJu
0€30MacHOCTh U Ka4eCTBO MeTOo/1a OMOJIOTrNYeCKO-
ro peryjJupoBaHMS YUCJICHHOCTU BHYTPUOOJb-
HUYHBIX MHKPOOPraHM3MOB, KOTOPBIA MOXKET
OBITH MCITOJIb30BaH KaK aJIbTepHaTUBA XUMUYEC-
KM JAe3uHDUIIMPYIOIMUM cpeacTtBam. Pe3ynbra-
Thl, COOpaHHBIE 3a OoJjiee yeM 4 roga, moxkasaju,
YTO YUCTSIINE CPEJCTBAa Ha OCHOBE MPOOMOTUKOB
JIOCTOBEPHO TIPEAYINPEXIadr POCT IMaTOTEHHBIX
MUKPOOPraHW3MOB Ha 00OpabaThbiBaeMbIX IMOBEPX-
HOCTSX 00oJiee yeM Ha 90% 1mo cpaBHEHUIO C OOBIU-
HBIMHA MOIOIIMMU W Ne3NHOUILINPYIOIMNMUI CPe-
ctBamu. Kpome Toro, mokasaHo, uto Bacillus spp.
0Ka3aJnuch TEHETUYECKNW OYeHb CTAaOMJIbHBI, I1O-
CKOJIBKY OHU He TpUoOpeTaIu HOBOTO T'eHa YCTO-
YUBOCTHU B TeUeHUE 4 JIET HeTIPEPBIBHOT'O UCIOJb-
30BaHM ST, HECMOTPS Ha X HENMPEPhIBHBIM KOHTAKT

C OOJBPHUYHBIMU TOBEPXHOCTIMH W pPa3HBIMU
BUIAMHU JIEKAPCTBEHHO-YCTOMYMBBIX MUKpPOOpTa-
Hu3MoB [7]. B mepuon HenpepblBHOW 00pabOTKU
MOBEPXHOCTEW U IIPEAMETOB ITPOOMOTUYECKUMU
cpeacTBaMM aBTOPBHI MPOBOAMJIM aHAJIU3 BHICOKO-
YYBCTBUTEIBHBIMUA MOJIEKYJISIPHBIMU METOIaMU
6osee 32 000 o6pas3oB OMoOMaTepUalia MalMeHTOB
¢ UCMII, B pe3yabTaTe KOTOPOro He Halt AeHbI MO-
JIOXKUTEIbHBIE TIPOOBI C BHICEBOM CIIOp M BereTa-
TUBHBIX dopM Bacillus spp., 4TO CBUIAETEIbCTBY-
eT 00 OTCYTCTBUM PHCKaA 3apa’keHWs MalleHTOB.
Crenyer OTMETHTh, YTO M3-3a (hEepMEHTATUBHOM
JnesiTeNbHOCTU Bacillus spp. (Hanu4yus y HUX 3CTe-
pa3, inunas, ramko3uaas, ¢ocdaras) yculieHa UX
MolOII[asi aKTUBHOCTb, YTO IO3BOJIUJIO CHU3UTh
KOJIMYECTBO MCITOJIb3YEMbIX YHWCTSIIUX Tpera-
paroB. Kpome Toro, o0bluHbIe Oe3UH(pEKTaAHTbI
obGnanaloT HecreuUpUUIECKUM OUOLMAHBIM Aeii-
CTBHEM, a TaKXe CBI3BIBAIOTCSI C OPraHUYECKUMU
3arps3HEHUSIMMU, YTO BJIeUYeT 3a COOOW BTOpPUY-
HYI0 KOHTaMMWHAIIMIO MOBEPXHOCTEN U CEIEKIINIO
YCTOMYUBBIX K aHTUMUKPOOHBIM ITperapaTaM Ita-
TOTeHHBIX IITaMMOB MHKpoopraHu3MmoB. [IpoBe-
JNIeHHbIe 3apyOeXHbIe MCCIIeNOBAHUS MMOATBEPIM-
JIM OTCYTCTBME TAKUX CBOMCTB Y YUCTSIINX Ipera-
paToB Ha OCHOBE MPOOMOTUKOB [5, 6, 16, 17].

C 1esiblo MOoJIy4eHMs ONbITa MCIOJIb30BaHMS
YUCTSAIIMX MPOOMOTUYECKUX CPEACTB Ha Teppu-
Topuu Poccuiickoit ®Denepaniuu HaMH ITpOBeEE-
HBI MCCJIEAOBAHUSI 10 OLIEHKU UX 3(P(hEeKTUBHOCTHU
B YCJIOBH SIX TIOTUKJIUHUKU.

Matepuanbl n MeToapl

IIpoBomunu olieHKY 3(p(HEeKTUBHOCTH IeHCTBUS
YUCTSIINX CPEACTB Ha OCHOBE MPOOMOTUKOB IS
OUMCTKH TIOMEIIIeHN I, a UMEHHO CPeaCTBa IJIsI Ha-
TMOJLHBIX MOKPBITUN IS CPAaBHUTEIIBHON OLICHKN
¢ addekToM yOOpKM U Ae3MHGPEKIUUN TTOMEIle-
HUI TpaguIUOHHBIM cIlocoboMm. KccnemoBaHUS
OPOBOIUIN B ABYX MOMEIICHUSIX MEIUIIMHCKOTO
neaTpa ®bYH HUU snuaeMuoioTu 1 MUKpPO-
omonornm umMeHu Ilactepa: TpomeaypHOM Ka-
OuHeTe (OIBIT) U B KaOWHETE Bpada-TMHEKOJIOra
(KOHTPOJIB). DTU TIOMEIICHUS WMEIOT ITOXOXYIO
MHUKPOOHYIO Harpy3Ky M HMHTEHCUBHOCTH ITOCE-
maeMocTu TanueHTamMu. [loabsl KaOMHETOB TTOMI-
Bepraii yoopke M Oe3WH(MEKIINN eXeAHEBHO II0-
cje oKoHYaHMus npueMa nanueHToB B 18:30. ITon
B MpOLEAYyPHOM KabuHeTe obOpabaTbiBajiu TECTHU-
pPYEeMBIM CPEIACTBOM [IJIsI HAIIOJBbHBIX ITOKPBITHIA,
HMCTIOJIB3YsI OTASIBHBIN MOTI U3 XJIOTIKA, MHBEHTAaph
nist yoopku. Ilon B kabuHeTe Bpada-ruHeKoJiora
ob6pabaTbiBaiy TpaAULIMOHHBIM CIIOCOOOM C MpPU-
MEHEHHEM MOIOIIe-Ie3nHPUIUPYIONINX CPEACTB,
WCTIOJIb3Ysl OTHEJbHBIII WHBEHTAph ISl yOOPKH.
3a yOOpKy KaxIoro M3 KaOMHETOB OTBeYasl OT-
IEeIBHBIN ITPEeICTaBUTEIb CPEAHETO MEAUIIMHCKOTO
nepcoHajya. 3abop MaTepuana IJisi MUKPOOMOJIO-
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TMYECKOTO TT0CeBa MPOBOAUIIU B 000MX KaOMHETaX
eXeIHEeBHO 2 pa3a B IeHb B TeueHue 30 nHeil: B 8:45
yTpa — J10 HavaJia mpuema nanueHToB; B 18:15 Be-
yepa — IMOCJIe OKOHYaHU S [IpreMa NMallueHTOB U 10
Hayajla yoopku noJioB. OT60p mpod AJisg uccie-
NoBaHUS MpousBoauau coriacHo MYK 4.2.2942-
11. TIpoOGbl Opanu W3 LIEHTpaJbHOW 4YacTu MoJja
B KaXXJI0M KaOMHEeTe C MOMOIIIbI0 BATHO-MapJIEBOTO
TammioHa ¢ miomanu 100 cm?. TaMIoH momernanu
B IIpoOUPKY ¢ 2 mMJ ctepuibHOM 0,1% mernToHHOM
BOJbI U AOCTaBJIsIAMU B jabopatoputo. [ToceB mpood
npou3BoAMJIM Ha 3 vamku [leTpu ¢ «KpOBSIHBIM»
arapoM (KA) Ha ocHoBe cpenbl «arap ['mBeHTa-
ns—BeapmuHoli» (AI'B) ucToiaroimmum mTpuxom
(meton lNonbaa) ns onpenesieHus yMciia bakTepu it
M TIOJIYYeHUST U30JIMPOBAHHBIX KOJOHUN MUKPO-
opraHusMoB. MITHKyOupoBaau B TepMmocTaTe 24 4
npu Temnepatype +37°C, mocie 4ero ornpeaeasijivu
KOJIMYECTBO BBIPOCIIMX KOJJOHU Ha KaK0M Jalll-
K€ CO cpeaoil, BBIYMCISIIU cpeaHee apudMeTruye-
CcKOe IJIST TpexX Jaliek, AejiajJi OTMEeTKY B pabodyeM
KypHaJie. I3 Bcex BBIpOCHIMX Ha Yallkax OakTe-
pUil OTyYaan «4MCThie KYJbTYPhl» yTeM BbICEBa
Ha KA v nHkyOoupoBaHu4 euie 24 4 npu Temmnepa-
Type +37°C. Kaxayio BblAeJIEHHYIO KYJbTYypy Oak-
Tepuii MACHTUDUIIMPOBAIN C ITOMOIIBIO MUKPO-
CKOTIMM, OMOXMMHYECKOTO TUITUPOBAHUS U MaccC-
CIIEKTPOMETPUYECKOr0 aHaju3a Ha aHaJiu3aTope
MALDI-TOF (Bruker).

Pe3ynbraThl 1 00CYXaeHNe

B KOHTpOJIE M B ONBITE J0 HaYaja SKCIIEPUMEH-
ta (0) BeiceBanu E. faecium 10°*—10° KOE. Ha pu-
cyHKe 1 ToKaszaHa [IMHAMUKa BbICEBAEMOCTHU
MUKPOOPraHU3MOB B KOHTPOJIE, TI€ IPOBOIMIN

yOOpKY U 1e3UHPEeKI IO CTAaHAAPTHBIM CITOCOOOM.
Jo 2 nnsa HaGatoneHus npeodnanan E. faecium, 3a-
TeM ero poct npekpatuicga. Ha 2—4 neHp Habm10-
JIajau pocT bakTepuii cemerictBa Enterobacteriaceae
no 10° KOE, nanee mokasaTean UX pocTa HaXOmu-
Jguch Ha ypoBHe 10 KOE no koH11a cpoka Hab1oae-
Hus. C 5 1HS 9KCIepUMEHTa B KOHTPOJIE BhISIBIISLIN
pocT GakTepuiit pona Staphylococcus spp., B OCHOB-
HOM TIpenctaBuTenu S. epidermidis. Ha pucynke 2
npencTaBjieHa TWHAMUKa pocTa MUKPOOPTaHM3-
MOB B OITBbITE, IJie YOOPKY ITPOBOIMIIN C TECTUPYE-
MbIM cpeacTBoM. C 1 gHs HaOJIOASHU S BbISIBASIN
JIOCTOBEPHBIN pocT 6bakTepuii Bacillus spp. Ha ypoB-
He 10° KOE, 3aTeM 10 KOHIIa CPOKa 3KCIIEPUMEH-
Ta ux poct cocrasua 10°—10° KOE. B 1-2 neHsn
BBISIBJISIIN pocT E. faecium, nanee oH MmpeKpaTUJI-
cia. Ha 2—4 nenp HabGaogaau poct 0akTepuil ce-
MmevictBa FEnterobacteriaceae no yposHsi 10° KOE
u Ha 8 neHb — g0 10> KOE, B ocTanbHble HU POCT
oTcyTcTBOBajl. Poct Oakrtepuii poma Staphylo-
coccus Spp. oTMedeH Ha 8 u 15 neHb HaOJIIOAEeHUS
no ypoBHst 10—10> KOE, ocCHOBHOW TIpeacTaBu-
Teab — S. epidermidis.

Hcnonb3oBaHue IPOOMOTUYECKOTO CPEACTBA TS
OYMCTKHM TTOMEIIEeHU 1, a UMEHHO CpeaCcTBa JIJIsl Ha-
MOJBHBIX TIOKPBITUI, CIIOCOOCTBYET HAKOIJIEHUIO
CMOPOBBIX Gauu cHayana no ypoBHs 10° KOE,
3aTeM 3TOT IMoKa3aTeJIb CTa0MIN3UPYETCS 10 yPOB-
Hs 10°—10° KOE. Ha sTtoMm (oHe B oOIlbITE Hab-
JIIOAJIN TOCTOBEPHOE CHUXKEHNE YPOBHSI MUKPOO-
HOI KOHTaMWHAILIUA CAHUTapHO-TTOKa3aTeIbHBIMU
MUKpOOpPTraHuU3MaMu: OTCYyTCTBUE pocTta E. faecium
¢ 3 IHS 9KCNEPUMEHTAa; OTCYTCTBHE pOCTa IIpeid-
cTaBUTeNlell cemeiicTBa Enterobacteriaceae ¢ 4 nHs
00pabOTKU CPEeACTBOM; MPAKTUUECKHU TMOJTHOE OT-
CYyTCTBUE pocTa 6akTepuii poaa Staphylococcus spp.
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Figure 1. Dynamics of bacteria growth in control
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Figure 2. Dynamics of sanitary-indicative microorganisms’ and Bacillus spp. growth in experiment

ITpu 5TOM B KOHTpOJIE HAOTI0Ia I POCT CAHUTAPHO-
MoKa3aTeJIbHBIX MUKPOOpPraHu3mMoB — E. faecium,
cemeiictBa FEnterobacteriaceae, pona Staphylococ-
cus Spp. Ha MPOTSKEHUU BCEro CpoKa HabJriome-
HUsI. Ha ocHOBaHWM BBIIEU3T0XKEHHOTO MOXKHO
3aKJIIOYNUTh, YTO MCIOJIb30BaHME ITPOOMOTUYCCKUX
CPEACTB IJIST OYMCTKM TIOMEIEHUI Ccaep:KUBaeT
POCT CaHUTApHO-NOKa3aTeJIbHBIX MUKPOOPTaHU3-
MOB II0 CpaBHEHHIO ¢ KOHTpoJieM. CpelcTBO 00-
JajaeT NPUSTHBIM 3aMaxoM M AOCTAaTOUYHBIM Tie-
HOOOpa3oBaHWEM, YIOOHO B ITPUMEHEHW M, HE BBI-
3pIBAacT aJUIEPrMYEeCKUX peakKIHWil y IepcoHala.
JlekoHTaMMHaLMsI 0oOpabaTbiBaeMbIX ITOBEPXHOC-

Teil U CTaOMJILHOE TPUCYTCTBUE Ha HUX OaKTepUii
pona Bacillus spp. nocTUraloTcs yxe uepe3 4—7 q1Hel
OT HayvaJia 9KCIIepMMeHTa.

Takum obGpa3om, NMPOOUOTUUYECKUE UUCTSIINE
CpeACTBa MOTYT OBITh MCIIOJIb30BaHBI ITPEUMYIIIe-
CTBEHHO C 1I€JbI0 IPOMPUIAKTUIECCKON OYUCTKHU,
a He JJ1s1 OBICTPOil T1e3MH(MEKIIMU KaK XUMUYECKIe
npenapaThl. [lojlydeHHBIE HaMW JaHHBIC TTIOMA-
TBEPXKIAIOT Pe3yJbTaThl 3apy0eKHBIX HCCJIeI0Ba-
HHUI U MO3BOJISIIOT ITOJIOKUTEIbHO OLEHHUTH Iep-
CIIEKTUBHOCTh PabOT IO CO3MaHUIO U JAaJIbHEMIIIe-
MY U3YYEHMIO aJIbTePHATUBHBIX ITPOOHOTUYECKHUX
YUCTSAIIUX CPEICTB.

Cnucok nutepatypsbl/References

1. Koza H.M. UHpex1nm, cBsi3aHHbBIE ¢ OKa3aHUEM MEIMIIMHCKON MOMOIIM. DMUASMUOIOrUs U MpoduiakTuka (0030pHas
nexuust) // [lepmckuit MenuunHcekuii xypuai. 2013. T. 30, Ne 3. C. 135—143. [Koza N.M. Infections connected with rendering
medical care. epidemiology and prevention (review lecture). Permskii meditsinskii zhurnal = Perm Medical Journal, 2013, vol. 30,
no. 3, pp. 135—143. (In Russ.)|

2. BDnuaeMHoJOrMYecKoe HabMwoacHNEe 3a UHGEKIUIMU, CBI3aHHBIMU ¢ OKa3aHWEM MEIUIIMHCKON MOoMOoIIU: (deaepaabHbie
KJIMHUYecKre pekoMeHnanuu. Mocksa, 2014, 58 c. [Epidemiologicheskoe nablyudenie za infektsiyami, svyazannymi s oka-
zaniem meditsinskoi pomoshchi: federal’nye klinicheskie rekomendatsii [ Epidemiological surveillance of infections associated
with the provision of medical care: federal clinical guidelines]. Moscow, 2014, 58 p. URL: http://nasci.ru/_resources/directory/198/
common/2014_7_Epid_nabl_new.pdf (19.12.2017)

3. Aiello A., Larson E. Antibacterial clearing and hygiene products as an emerging risk factor for antibiotic resistance in the com-
munity. Lancet Infect. Dis., 2003, vol. 3, iss. 8, pp. 501—506. doi: 10.1016/S51473-3099(03)00723-0

4. Burkel.P. Infection control —aproblem for patient safety. N. Engl. J. Med., 2003, no. 348, pp. 651—656. doi: 10.1056/N EJ Mhpr020557

5. Caselli E. Hygiene: microbial strategies to reduce pathogens and drug resistance in clinical settings. Microb. Biotechnol., 2017,
vol. 10, no. 5, pp. 1079—1083. doi: 10.1111/1751-7915.12755

6. Caselli E., Antonioli P., Mazzacane S. Safety of probiotics used for hospital environmental sanitation. J. Hosp. Inf., 2016, no. 94,
iss. 2, pp. 193—194. doi: 10.1016/].jhin.2016.06.021

7. Caselli E., D’Accolti M., Vandini A., Lanzoni L., Camerada M.T., Coccagna M., Branchini A., Antonioli P., Balboni P.G.,
Di Luca D., Mazzacane S. Impact of a probiotic-based cleaning intervention on the microbiota ecosystem of the hospital surfaces:
focus on the resistome remodulation. PLoS ONE, 2016, vol. 11, no. 2:e0148857. doi:10.1371/journal.pone.0148857

8. Centers for Disease Control and Prevention (CDC). Guidelines for disinfection and sterilization in healthcare facilities. 2008.
URL: https.//www.cdc.gov/infectioncontrol/pdf/guidelines/disinfection-guidelines.pdf (19.12.2017)

423



A.l' ApunHoreHoBa u ap.

MHdekumns n uMmyHuTeT

10.

11.

12.

13.

14.

15.

16.

17.

Dancer S.J. The role of environmental cleaning in the control of hospital-acquired infection. J. Hosp. Infect., 2009, vol. 73, no. 4,
pp. 378—385. doi: 10.1016/].jhin.2009.03.030

Doron S., Snydman D.R. Risk and safety of probiotics. Clin. Infect. Dis., 2015, vol. 60, suppl. 2, pp. S129—5134. doi: 10.1093/cid/
civ085

European Centre for Disease Prevention and Control (ECDC). Point prevalence survey of healthcare-associated infections and
antimicrobial use in European acute care hospitals — protocol version 5.3. s. Stockholm: ECDC, 2013. URL: https.//ecdc.europa.
euy/sites/portal/files/media/en/publications/ Publications/healthcare-associated-infections-antimicrobial-use- PPS.pdf (19.12.2017)
Falagas M.E., Makris G.C. Probiotic bacteria and biosurfactants for nosocomial infection control: a hypothesis. J. Hosp. Infect.,
2009, vol. 71, no. 4, pp. 301-306. doi: 10.1016/j.jhin.2008.12.008

Hibbing M.E., Fuqua C., Parsek M.R., Peterson S.B. Bacterial competition: surviving and thriving in the microbial jungle. Nat.
Rev. Microbiol., 2010, vol. 8, no. 1, pp. 15—25. doi: 10.1038/nrmicro2259

Kramer A., Schwebke I., Kampf G. How long do nosocomial pathogens persist on inanimate surfaces? A systematic review. BMC
Infect. Dis., 2006, no. 6, p. 130. doi: 10.1186/1471-2334-6-130

Otter J.A., Yezli S., Salkeld J.A., French G.L. Evidence that contaminated surfaces contribute to the transmission of hospital
pathogens and an overview of strategies to address contaminated surfaces in hospital settings. Am. J. Infect. Control, 2013, no. 41,
pp. S6—S11. doi: 10.1016/j.ajic.2012.12.004

Vandini A., Frabetti A., Antonioli P., Platano D., Branchini A., Camerada M.T., Lanzoni L., Balboni P., Mazzacane S. Reduction
of the microbiological load on hospital surfaces through probiotic-based cleaning procedures: a new strategy to control nosocomial
infections. J. Microbiol. Exp., 2014, vol. 1, no. 5:00027. doi: 10.15406/jmen.2014.01.00027

Vandini A., Temmerman R., Frabetti A., Caselli E., Antonioli P., Balboni P.G., Platano D., Branchini A., Mazzacane S. Hard
surface biocontrol in hospitals using microbial-based cleaning products. PLoS ONE, 2014, vol. 9, no. 9: e108598. doi: 10.1371/
Jjournal.pone.0108598

ABTOpbDI:

AduHoreHoBa A.I., 0.6.H., pyKOBOAUTENb UCMbITATENBHOIO
nabopatopHoro ueHtpa ®6YH HAW anupemunonorum

1 Mykpobuonoruv umenun MNactepa; npodeccop kadenpsbl
4eNI0CTHO-NMLEBON XUPYPIN U XMPYPIrMYECKON CTOMATONOrMMI
Cnery, CankTt-Metepbypr, Poccus;

Kpaea J1.A., o.M.H., 3aB. nabopaTopunei KIIMHNYEeCcKon
6aktepuonoruv BYH HW anupemmonorum n mukpobronorum
nmenm MNactepa, CaxkT-MeTepbypr, Poccus;

AduHoreHoB I.E., o.M.H., npodeccop kadbenpbl HENOCTHO-
JINLLEBOI XMPYPIn 1 Xpyprudeckoi ctomatonorum CMery,
CaHkT-MNeTepbypr, Poccus;

BepeTeHHukos B.B., ctyneHT CaHkT-MeTepbyprckoii
rocynapCTBEHHOM akafeMuny BEeTEPUHAPHOW MEAULMHbI, CTaxep
nabopaTtopun meguumHckoi 6aktepuonorun @EYH HAN
3aNuaemMnonornm n mukpobuonoruv umenn Mactepa,
CaHkT-MeTepbypr, Poccus.

Authors:

Afinogenova A.G., PhD, MD (Biology), Head of Laboratory

Testing Centre, St. Petersburg Pasteur Institute; Professor

of Surgical Dentistry Department, St. Petersburg State University,
St. Petersburg, Russian Federation;

Kraeva L.A., PhD, MD (Medicine), Head of Clinical Bacteriological
Laboratory, St. Petersburg Pasteur Institute, St. Petersburg, Russian
Federation;

Afinogenov G.E., PhD, MD (Medicine), Professor of Surgical
Dentistry Department, St. Petersburg State University,

St. Petersburg, Russian Federation;

Veretennikov V.V., St. Petersburg State Academy of Veterinary
Medicine Student; Trainee of Clinical Bacteriological Laboratory,

St. Petersburg State University, St. Petersburg, Russian Federation.

MocTynuna B pepakuumio 07.12.2017
MpuHsaTa k nevyatn 14.12.2017

Received 07.12.2017
Accepted 14.12.2017

424



NHdekuma n ummyHuTeT
2017, T. 7, Ne 4, c. 425-427

NPABWUJIA AJ19 ABTOPOB

CTaTby MPEACTABISIOTCS B peIaKIIMIO Yepe3 CUCTEMY dIeKTpOHHOro u3nateabcTna (http://iimmun.ru) B cooTBeT-
CTBUHU ¢ TpeGoBaHMAMMU XypHana «MHGbeKIUT 1 UMMYHUTET» U «MHCTpYKIIMEH [T aBTOPOB», MPeACTaBIeHHOM
Ha caiite. C dpeBpans 2016 roga xxypHaa «MHbeKLUS 1 UMMYHUTET» MyOJIUKYET CTaThbU HA ABYX S3bIKaX (PyCCKOM
U aHTJIMIICKOM).

OCHOBHble BUAbI CTaTeil, Ny6/IMKyeMbIX B XXypHane

OpurnHaJbHas CTATHSA

CTaTbs T0JKHA OMMUCHIBATH PE3YJIbTaThl 3aKOHYEHHOT0 ccliefoBaHus. JlomyckaeTcss 00beM cTaTh 10 20 Maliu-

HOIIMCHBIX CTpaHMUII, BKJIIOYask pUCYHKHU, Tabauibl. CTaThs HOJXKHA coaepKaTh: 1) BBeAeHUe; 2) MaTepraibl U METO-
Ilbl; 3) pe3yabTaThl UccaenoBaHUI; 4) 00CyXKaAeHUe pe3ybTaToB; 5) 6JarofapHOCTH.

e BBenenne conepxuT 000CHOBaHUE LIEJIU U 3a]a4 TPOBEIEHHOr0 UCCIEA0BAHUSI.

e Marepuajbl 1 METOIbI MOTYT M3JIaTaThCs B BUE OTIAEJIbHBIX (DPATMEHTOB C KOPOTKMMU MO/I3aT0JIOBKAMMU.

e Bce HeTpaaAMIIMOHHBIE MOAMGbUKAIIMA METOJAOB TOJIXKHbBI OBITh OMUCAHbBI C TOCTATOUHOM CTENMEHbIO MO/~
po6HocTH. sl BCeX MCMOJIb3yEeMbIX B pab0Te PeaKTUBOB, JKMBOTHBIX, KJIETOUHBIX KYJIbTYp U T.lI. HEO0-
XOJMMO TOYHO yKa3bIBaTh MPOU3BOIMTEIICH U/WUIU UICTOYHUKU TOJyYeHU ST (C Ha3BaHUSIMU CTPaHbl, QUP-
MBI, UHCTUTYTA).

e Pe3ynbTaThl ONMUCHIBAIOTCS B JIOTMYECKON MOCIEA0BATEILHOCTU B BUIE OTIEJbHBIX (DparMeHTOB, pa3ae-
JIEHHBIX MO/13ar0JIOBKaMU, 0€3 2JIEMEHTOB 00CYXAeH s, 0€3 MOBTOPEHU I METOINYECKUX MOJPOOHOCTEI,
0e3 nyospoBaHUs UM POBBIX TaHHBIX, TIPUBEJACHHBIX B TaOJIMIIAX U PUCYHKAaX.

e B 00cyKaeHUH MPOBOAUTCS AETAIbHBINM aHAJINU3 MOJTYYEHHBIX JAHHBIX B COMMOCTABJIEHUY C TaHHBIMHU JI-
TepaTypbl, UTO CIYKUT 0OOCHOBAHMEM BBIBOJIOB M 3aKJIIOUEHU T aBTOPOB.

e Paznen «baarogapuocTu» He siBJIsieTCS 00s13aTeIbHBIM, HO KpaliHe XKejatesieH. B 3Tom pa3nesie aBTopbl MO-
TYT BbIPa3UTh MPU3HATEIBHOCTh OpraHMU3al, CyOCUINpPOBABIIeH TTPOBEIeHNE UCCIIeIOBAHU I, KOJlJIe-
ram, KOHCYJIbTUPOBABIINM pabOTY B ITPOLIECCE €€ BBITMOJHEHU ST U/ WU HATTMCAHM S, A TAKKE TEXHUIECKOMY
nepcoHay 3a MoMolllb B BRIMOJIHEHU U UCCliefoBaHuil. biarogapHocTH 3a mpegocTaBiaeHue crienuduyec-
KUX peaKTUBOB UJIU 000PYAOBaHUSI, KaK MIPAaBUJIO, TIOMEIIAIOTCS B pazaelie «MaTepuajibl U METOIbI».

Kparkue coobmenns

Kypnan ny6aukyeT HeOOJIbIINE M0 00bEMY CTaThU, KOTOPLIE UMEIOT 0€3YCIOBHYIO HOBU3HY M 3HAUMMOCTbh. DTHU
CTaTbU MPOXOAST YCKOPEHHOE PelieH3MPOBaHUE U MYOJIUKYIOTCSI B KOPOTKHME CpoKU. OOIIMit 00beM KpaTKOTo co00-
IIEHW ST OTPAaHUYEH 8§ MAIIIMHOMMCHBIMU CTPAaHULIAMU, KOJTMYECTBO PUCYHKOB M/UJIM TaOJIUIL HE MOXET ObITh OoJiee 3,
a CIMMCOK MCTOJb30BaHHBIX INTEPATYPHBIX UICTOYHUKOB He JOJIKeH MPeBbIATh 15. TUTYIbHBIN TUCT oopmIsieTcs,
Kak onucaHo Huxe (cM. «[logroroBka crateii»). Pazmenbl KpaTKOro cooOIIeH s aHaJOTMYHBI BBIIIEONIMCAaHHBIM pa3-
JleJlaM OPUTUHAJbHOM CTaTbU, HO HE BBIACISIOTCS 3aTOJOBKAMU U MOA3ar0JIOBKaMU, Pe3yJabTaThl MOTYT ObITh U3J10-
>KEHBI BMECTE C O0CYXJICHUEM.

O030pHBIE CTATHHU U JEKIUH

O030pHbIE CTATbU U JIEKITMHU B OCHOBHOM 3aKa3bIBAIOTCSI pEeIAKIIMEN NI MOTYT OBbITh PEKOMEHIOBAHbI OMHUM U3 UJje-

HOB peakosuiernu. bosee nonpo6Hyo nHdopMalrio o mpaBuiIax oHOpMIEHUS ITUX CTATE MOKHO Y3HATh B pelaKIiu.

Bubnuorpacduyeckme ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnuKkaumni
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Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

OnucaHue cTaThby U3 KHUTU (MOHOTpaduu):
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IIpumepsi npaBuabHOTO 0hOPMIIEHHS AHIJIOA3BIYHBIX CCHIJIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205—229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchUIKY Ha TUTEpaTypPHbIC MICTOYHUKHU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM1IaX 0003HAYaIOTCSI apabCKUMU I -
paMu B KBaJpaTHBIX cKoOKax [1, 2, 3,...]. He momyckaioTcs cChIJIKM Ha IMCcCepTallnu, aBTopedepaThl JUCCepTalnii,
myOoJIMKaluy B COOPHUKAX, METOANYECKHE JOKYMEHTHI MECTHOTO ypOBH . KoIruecTBO NICTOYHUKOB HE OrpaHUYEHO.
B xax ot cchliiKe MpuBOISITCS BCe aBTOPhI padoThl. HeonmyO1nKoBaHHBIE CTaTbU B CITMCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

JIst CIOKHBIX TEPMUHOB MJIW Ha3BaHM I, HanboJiee YaCTO UCTIOJIb3YeMbIX B TEKCTE CTATbU, MOXKHO BBECTH (B KPY-
IJIBIX CKOOKAaX IOCJjie MepBOro YIIOMMHAHUS TIOJTHOIO Ha3BaHUS TepMMHA) He Oosee 3—5 HeTpaaUIIMOHHBIX COKpa-
IIEHUI. Y3aKOHEHHbIe MEXIYyHapOAHBIMU HOMEHKJIATypaMu COKpAIIeHUs WCMOJb3YIOTCS B COOTBETCTBYIOILEH
TpaHcKpunuuu. Hampumep, 171 TepMUHA «MHTEPIEHKWH» UCTIONIb3yeTcsT cokpaienue «IL», a He pycCKOSI3bIYHBII
BapuaHT «JI»; aHaIOrn4HO 3TOMY UCTIONB3YI0TCs cokpalneHus: < NF», a He «TH®» unu «®DHO»; «CD», a He «C».
Ha3zBaHus1 MUKpOOPTaHU3MOB IPUBOISITCS B OPUTMHAJIBHOM TPAaHCKPUIILIMU C UCHOJAb30BaHueM KypcuBa (E. coli,
Streptococcus pyogenes). ETMHUIIBI U3BMEPEHU S TPUBOASTCS 0€3 TOUKHU MOCJe UX COKPallleHHOr0 0003HaYeHUsI, perfia-
MEHTUPOBAHHOI'O MEXYHAapOJHBIMU NIpaBUiaMu (¢, 4, cM, MJi, MT, kDa u 1.11.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMY UK 0630pa; 3) MCTIOJb30BaHUE aBTOPOM TTPEAICTABICHHBIX B KypHAaJI MaTepHajoB IIPU HATIH-
CaHWM AUCCEPTAllMU UM KHUTHU. BocripousBeneHue Bcero U3naHus UM 9acTH JTIOOBIM CITOCOOOM 3arpeliaeTcst
0e3 MUCbMEHHOTO0 pa3pellleHus u3aareieil. Hapyuenue 3akoHa OyneT mpecyieaoBaThes B cyneOHoM mopsiake. Ox-
pansietcss 3akoHoM P®D Ne 5351-1 «O06 aBTOpCKOM TpaBe U cMeXXHBIX paBax» oT 09.07.93 1.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).

426



2017, T.7,Ne 4

Mpasuna ans aBTopos

3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BAHKE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXOAHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

[Toanbiii uHTEpHET-2/IpEC
(URL) uurupyemoii ctaTbu
u/unm ee DOI

Pasmeinatorcs

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHapTy, MPEACTABICHHOMY
BbILLE

OdunraabHOE aHTIOSI3bIYHOE Ha3BaHUE
nyOJMKalMK U UCTOYHKKA, TIe OHA
ory0JIMKOBaHA — JIJISI PYCCKOSI3bIYHBIX CTATEi.
B penkux ciyuasix, KOraa He CylecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHU,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYONMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaTbHOM caiiTe
W3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoauTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT noJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBaHUE; BCE CChIJIKY Ha MJLTIOCTpaluu, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciu BBl OTIIpaBIIsieTe CTaThiO B PELIEH3MPYEMbIil pa3/iesl XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HATh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Bbl MokeTe 0(hOPpMUTH MOANMMUCKY HA XKYPHAJ
«Hdeknus ¥ IMMYHUTET» Yepe3 OTIAeJJeHUsI CBI3U:
Karanor «Pocneyarb» — ungekc 95001;

O0bennnennblii karajor «[Ipecca Poccun» u 3eKTpoHHbIil KaTajor «Poccuiickas nepuoauka»

B ceTH Internet Ha caiite www.arpk.org — ungexc 41392.
Ilena cBoGoaHAas.
Ionnucka Ha 3JeKTPOHHYIO BEPCHIO JKYPHAIa
Ha caiite www.elibrary.ru
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UHGEKI WU, NepelaBaeMbI€ MTOJTOBbIM MYTEM ............. 359 ASCOTDIC ACIA wevvviieeiiiiiiiie e
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MH(EKIIMOHHO-BOCITAJIUTEIbHbBIC 3a00JIEBAHM . ....... 327 Enterobacteriaceqe.....................ouueeeeeeieeiiiieaaaeneninnnnnns
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WTIOCTPALIMU K CTATBE I.P. CAQPTAWHOBOW «YCOBEPLUEHCTBOBAHUE METOZ0B BbIAEJIEHUA
BAKTEPUODAIOB K. OXYTOCA» (c. 413-418)

PucyHok 1. Mopdonorusa HeraTuBHbIX KONOHMii 6akTepuodara KO-8724 YICXA Ha:
A) MMNA; B) Ad (18 4, 37°C)

Figure 1. Morphology of negative colonies of bacteriophage KO-8724 USGHA on:

A) MPA; B) AF (18 hours, 37°C)

PucyHok 2. Onpepenenue cneunduyHoctTu 6aktepmodara KO-3 YITCXA B 0OTHOLIEHMM MHAUKATOPHBIX
wtammMmoB GakTtepuii poaa Klebsiella na: A) MINA; B) A® (18 u, 37°C)

Figure 2. Determination of the specificity of the bacteriophage KO-3 USGHA for indicator strains of bacteria

of the genus Klebsiella on: A) MPA; B) AF (18 hours, 37°C)
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