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Abstract

Introduction. The John Cunningham virus (JCPyV) causes a fatal demyelinating disease of the central nervous
system known as progressive multifocal leukoencephalopathy (PML). In healthy people, the JCPyV non-coding
control region (NCCR) is not rearranged, while NCCRs in immunocompromised patients are characterized by fre-
quent rearrangements and can be associated with PML development. Therefore, patients treated with natalizum-
ab, which decreases the migration of leukocytes and monocytes through the blood-brain barrier to inflammatory
foci, are at increased risk of developing PML.

The purpose of the study was to analyze NCCR sequences of JCPyV isolates from patients with multiple scle-
rosis (MS) treated with natalizumab.

Materials and methods. A total of 26 blood plasma samples and 8 cerebrospinal fluid samples were analyzed
using nested PCR to study the JCPyV NCCR structure in Russian MS patients treated with natalizumab. The
NCCRs present in the samples were cloned and sequenced by Sanger sequencing. All the JCPyV NCCR se-
quences were compared with the archetype sequence and mapped. The NCCR sequences were also examined
for presence of putative transcription factor binding sites.

Results. A total of 48 NCCR sequences were found. The analysis showed that up to 55% of NCCRs were iden-
tified as rearranged NCCRs, while the other were archetype-like NCCRs. All the sequences can be divided into
6 types with one dominant rearrangement pattern. This rearranged NCCR was also found in a patient with the
confirmed PML diagnosis and a poor prognosis. All the rearranged NCCRs were characterized by the presence
of additional transcription factor binding sites.

Conclusion. The study has helped identify previously unknown NCCR patterns typical of MS patients treated
with natalizumab in Russia, thus confirming the need for the further research on NCCR rearrangements in MS
patients undergoing natalizumab treatment to gain better understanding of the origin of neurovirulent JCPyV
variants.

Keywords: JCPyV, non-coding control region (NCCR), multiple sclerosis, natalizumab
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AHanus nocnepoBaTeNbHOCTEN HEKOANPYIOLEN KOHTPOSIbHOMN
o6nactn [1HK nsonaros Bupyca [IxxoHa KaHHMHrema y nayeHToB
C pacCeAAHHbIM CK/1epO30M, NOJTyYaBLUNX HaTaNn3ymab

TiomeHueBa M.A.™, TiomeHueB A.W.", 3axapoBa M.H.?, Ackaposa J1.LLl.2,
CumaHue T.0.2, Mupagos M.A.2, AKUMKUH B.I.!

'LleHTpanbHbI HaY4YHO-UCCIefoBaTENbCKUN MHCTUTYT anugemuonorun PocnotpebHaasopa, Mocksa, Poccus;
2HayuHbI ueHTp HeBponoruu, Mockea, Poccus

AHHOMauus

Beepenue. Bupyc [xoHa KaHHuHrema (JCPyV) Bbi3biBaeT hatanbHoe aemuenvHusmpyowee 3abonesaHue
LiIEHTParnbHOW HEPBHOW CUCTEMbI, M3BECTHOE KaK Mporpeccupytollas MynstudokanbHas nekosHuedganonatms
(MMI). Y 3gopoBbix nogen Hekoampytowasi KoHTponbHast obnacts (NCCR) JCPyV He nepectpauBaetcsi, B TO
Bpems kak NCCR y nauueHToB ¢ ocnabneHHsiM UMMYHUTETOM YacTO NepecTpanBaloTCcs U MOTYT ObiTb CBA3aHbI
¢ passutmem MNMJ1. B cBA3M € 3TUM y MaUMEHTOB, NOMyYalLWMX Tepanuio HaTanuaymabom, AeNCTBYOLWUM Ha
ypOBHe remaToaHuedannyeckoro 6apbepa u Bbi3bIBAKOLLMM YMEHbLUEHWNE MUTPALMN NMMMAOLMTOB M MOHOLMTOB
B BOCManuTenbHbIe o4aru, nosbilaeTcs puck passutus MNMMII.

Lenb nccnegosaHua — npoaHanuamposaTh nocnegosatensHocT NCCR mnsonatos JCPyV y naumneHToB ¢ pac-
cesiHHbIM cknepo3oMm (PC), nonyyaBlimx HatanMsymao.

Matepuanbl n metoabl. [Ins oueHkn cTpykTypbl NCCR JCPYV y poccuiickux naumeHtos ¢ PC, nonyyasLumnx
HaTanu3ymab, metogom lMLP ¢ BnoxeHHON napov NnpanmMepoB NpoaHanuanpoBaHo 26 06pas3uoB nra3Mbl KpoOBU
n 8 obpasuos LepebpocnuHaneHoln xuakoctn. NCCR, npucyTcTByowme B obpasuax, 66y KIOHMpOBaHbI U
cekBeHupoBaHbl Mo Mmetoay CaHrepa. Bce nocnegosatensHoctn JCPyV NCCR cpaBHuBanu ¢ nocriegoBatenb-
HOCTbIO apxeTuna u kaptuposanu. NocnepgosatensHocT NCCR 6binv Takke NpoaHanu3npoBaHbl Ha Hanm4uve
npegnonaraeMbix CanToB CBA3bIBaHMSA (DAKTOPOB TPaHCKPUMLUNA.

Pe3ynkraTtbl. O6HapyxeHbl 48 nocnegosatensHocTen NCCR. AHanua nokasan, uto Ao 55% NCCR vaeHTndu-
uupytotest kak nepectpoeHHble NCCR, ocTanbHble ABMSAOTCS apxeTunonofobHeIMu. Bece nonyyeHHble nocneno-
BaTENbHOCTM MOXHO pasfenntb Ha 6 TUNOB ¢ NpeobrnagaHnem O4HOro NaTTepHa NepecTporkn. ATOT NePecTpo-
eHHbIn NCCR 6bIn Takke obHapyxeH y naumeHTa ¢ noaTeepXaéHHbiM amnarHo3om MNMJT ¢ nnoxmm nporHo3om.
Bce nepectpoeHHble NCCR xapakTepusoBanucb HanmuMem OOMOfHUTENbHBIX CalToB CBA3bIBaHWS (DakTopoB
TPaHCKPUNUUW.

3akntoueHue. lNposenéHHoe nccneaoBaHne No3sonuno snepeble BolgBuTb nattepHsl NCCR, xapakTepHble ans
6onbHbIX PC, npyHumaBLumx Hatanuaymab, B Poccun, 4To noateepxaaet Heo6XoaumocTb AanbHeENLEero ncere-
poBaHus nepectpoek NCCR y nauueHToB ¢ PC, nonyyaswimx Hatannsymab, Ans paclwmpeHvs npeactaBneHnii o
BO3HMKHOBEHWN HENPOBUPYNEHTHbIX BapuaHToB JCPyV.

KnroueBble cnoBa: JCPyV, HekoOupytowasi koHmporibHas obnacme (NCCR), paccesiHHbIU CKepo3, Hamaru-
3ymab

Bmuyeckoe ymeepxdeHue. ViccnenosaHve npoBoannoch Npu Ao6pOBOSIbHOM MHPOPMMPOBAHHOM COrflacum nauw-
eHToB. [1poTokon uccnegoBaHWsa ogobpeH JTuyecknm KoMmuTeToM HayyHoro LeHTpa HeBpororun (mpoTtokon Ne 1-2/22
ot 19.01.2022).

UcmoyHuk (pUHaHCUpOSBHUﬂ. ABTOpr 3asaBNs0T 00 OTCYTCTBUU BHELLHEro CbI/IHaHCVIpOBaHVIﬂ npun nposegeHUn nc-
cnegoBaHuA.

KoHgbnnukm uHmepecoe. ABTOpbl AeKNapUpyOT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTbu.

Ans yumupoeaHus: TiomeHueBa M.A., TiomeHueB A.U., 3axaposa M.H., Ackaposa Jl.W., Cumanus T.O., MNupa-
noB M.A., AkumkunH B.I. AHanu3 nocrnenoBaTenbHOCTEN HEKOAUpYoLLel KOHTponbHon obnactn AHK n3onatos Bupyca
[xoHa KaHHMHreMa y nauueHToB C paccesiHHbIM CKMepo3oM, nonyyaBlunx Hatanusymab. XKypHan mukpobuonoauu,
anudemuornoauu u ummyHobuonoauu. 2023;100(1):7-5.
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Introduction

Human polyomavirus 2, commonly referred to
as the JC virus or John Cunningham virus (JCPyV),
is a representative of genus Betapolyomavirus, family
Polyomaviridae. JCPyV is a non-enveloped virus with
double-stranded DNA genome comprised of approxi-
mately 5,100 bp. The JCPyV genome can be divided
into three parts: the non-coding control region (NCCR),
the early viral gene region, and the late viral gene re-
gion [1].

NCCR is a hypervariable JCPyV promoter/en-
hancer region approximately 400 bp long; it contains
most of the elements required for initiation of early and
late transcription and viral gene expression, including
TATA boxes and transcription factor binding sites [2].
The early viral gene region is located leftward to the
replication origin and encodes the small T-antigen, large
T-antigen, and truncated version of the large T-antigen.
These proteins are responsible for virus replication and
late gene expression [3, 4]. The late viral gene region is
located rightward to the replication origin and encodes
three structural proteins: major capsid protein VP1 and
minor capsid proteins VP2 and VP3. Each JCPyV viri-
on contains a total of 72 pentameric capsomeres of VP1
with T=7 icosahedral symmetry. Inside the capsid, one
molecule — VP2 or VP3 — is attached to each capsomere
of VP1 [5].

JCPyV is an etiological agent causing a rare, rap-
idly progressing, often fatal, demyelinating disease of
the central nervous system known as progressive multi-
focal leukoencephalopathy (PML) observed in patients
with impaired humoral and cell-mediated immuni-
ty [6]. JCPyV can cross the blood-brain barrier and get
into the central nervous system where it infects oligo-
dendrocytes and astrocytes [7, 8]. Based on some data,
70-90% of people are infected with JCPyV [9, 10]. The
non-rearranged archetypal form of JCPyV that can be
found in healthy people is seen as harmless, while the
rearranged form known as the prototype is found in the
central nervous system of PML patients. The prototype
nearly always has differences in NCCR compared to
the JCPyV sequence found in healthy people [11, 12].
These differences in NCCR can alter JCPyV tropism by
changing DNA binding sites for cellular transcription
factors in cells permissive for infection [2, 13]. It is also
assumed that these differences activate virus replication
and gene transcription in glial cells, eventually launch-
ing the lytic cycle [14, 15].

Immunodeficiency or immunosuppression leads to
JCPyV reactivation and switchover from the archetype
to the prototype. There are known cases when JCPyV
changed into an aggressive PML-inducing form during
treatment with such agents as natalizumab, rituximab,
dimethyl fumarate, fingolimod, efalizumab, brentux-
imab vedotin and other immunosuppressants [16-21].

Natalizumab is a humanized monoclonal anti-
body selectively binding to a4-integrin; it is used for

treatment of relapsing forms of MS. Natalizumab is
administered to patients with highly active disease.
On average, PML is diagnosed in 4.19 cases per 1,000
patients treated with natalizumab (95% CI, 3.89—-4.49)
[22, 23].

There are three main risk factors associated with
development of PML during the natalizumab therapy:

* the presence of anti-JCPyV antibodies (seropo-

sitive patients with anti-JCPyV);

* the duration of therapy, especially beyond 2

years;

* the prior treatment with immunosuppressants

before the natalizumab therapy [24].

Special guidelines for management of patients
with multiple sclerosis (MS) treated with natalizum-
ab have been developed to prevent development of
PML. Clinical practice incorporates risk management
plans including regular monitoring of the anti-JCPyV
antibody index values and potential seroconversion as
well as brain MRI (for detection of any changes typical
of PML) [25-29]. If PML is suspected, the PCR test
is used to detect JCPyV DNA in cerebrospinal fluid
(CSF) [24].

A diagnosis of probable PML is made in the
presence of typical clinical and radiological findings,
in the absence of positive detection of JCPyV in CSF
and brain tissue by PCR; a diagnosis of laboratory con-
firmed PML is made when JCPyV DNA is detected in
CSF of the patient. Histologically confirmed PML is
diagnosed by isolation of JCPyV using PCR from the
patient’s brain biopsy material. JCPyV DNA detection
and NCCR sequence analysis are highly recommend-
ed to accurately identify JCPyV-infected MS patients
treated with natalizumab and to identify NCCR rear-
rangements that can correlate with the emergence of
neurovirulent variants [30].

The purpose of the study is to analyze multiple
NCCR variants in plasma and CSF of natalizumab-
treated patients from Russia.

Materials and methods

Samples

Plasma and CSF samples were collected from na-
talizumab-treated MS patients having the anti-JCPyV
antibody index > 1.5. Each patient was duly informed
and signed their informed consent for participation
in the study. The study protocol was approved by the
Ethics Committee of the Research Center of Neurology
(protocol No. 1-2/22, January 19, 2022).

All samples were stored frozen and thawed on ice
prior to being used for viral DNA extraction.

Extraction of viral DNA

JCPyV DNA was extracted from a total of 26 plas-
ma samples and 8 CSF samples. Blood samples were
collected in VACUETTE® 4 ml LH Lithium Heparin
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tubes (Greiner Bio-One) and centrifuged at 3500 rpm
for 10 min. DNA was extracted from 200 ul of plas-
ma and/or CSF using the DNeasy® Blood & Tissue Kit
(Qiagen Inc.); DNA was eluted using 75 pl elution buf-
fer. JCPyV DNA concentration was measured with a
NanoDrop 2000c spectrophotometer (Thermo Fisher
Scientific). All the extracted DNA samples were stored
frozen prior to their further use.

Quantification of JCPyV DNA

JCPyV DNA was quantified with an AmpliSens®
JCV-BKYV screen/monitor-FRT PCR kit (Central Re-
search Institute of Epidemiology of Rospotrebnadzor)
with the detection limit of 5 x 10? gEg/ml, in accor-
dance with the manufacturer’s recommendations.

Amplification of JCPyV NCCR sequences

For amplification of NCCR sequences from vi-
ral DNA by nested PCR, we used two pairs of primers
[31]. A pair of outer primers was used for the first round
of PCR:

* 1 — forward primer

5'-GATTCCTCCCTATTCAGCACTTTG-3";

* 1 — reverse primer

5'-CACCTGTGCAAAAGTCCAGC-3'.

This pair of primers is used to amplify archetype
JCPyV genome fragments (GenBank accession number
AB038249 [32]) 540 bp long. A pair of inner primers
was used for the second round of amplification:

» 2 — forward primer

5'-GGCCTCCTAAAAAGCC-3';

* 2 — reverse primer

5'-TCCACTCCAGGTTTTACTAA-3'.

These primers were used for amplification of a
386 bp fragment of archetype JCPyV (GenBank acces-
sion number AB038249).

Phusion™ High-Fidelity DNA polymerase (Ther-
mo Fisher Scientific) was used in the first round of am-
plification. The thermal profile is as follows:

* initial denaturation: 98°C for 30 sec;

* 35 cycles: 98°C for 10 sec, 55°C for 45 sec,

72°C for 30 sec;

» final elongation: 72°C for 5 min.

3 ul of the amplicon from the first round of PCR
were used for the second round of PCR using Taq poly-
merase (the 2x PCR Blue Mix, Central Research Insti-
tute of Epidemiology of Rospotrebnadzor).

The thermal profile of amplification:

* initial denaturation: 95°C for 3 min;

* 40 cycles: 95°C for 15 sec, 55°C for 45 sec,

72°C for 30 sec;

» final elongation: 72°C for 5 min.

The PCR products received after the second round
of amplification were analyzed by 1% agarose gel elec-
trophoresis and staining with ethidium bromide. The
PCR products were used for direct Sanger sequencing
and for cloning.

ORIGINAL RESEARCHES

Cloning of JCPyV NCCR sequences

JCPyV NCCRs present in plasma and/or CSF
samples were amplified using nested PCR [31] and
then were cloned into the pGEM-T vector (Promega®).
The plasmids obtained from cloning were transformed
into chemically competent cells XL10-Gold E. coli.
Transformed E. coli were grown at 37°C in Luria-Ber-
tani agar plates with ampicillin (100 pg/ml), X-gal (80
pg/ml), and IPTG (0.5 mM). The obtained clones were
screened using M13forward and M13reverse primers.
After the screening, 10-20 clones obtained from each
plasma and/or CSF sample were sequenced.

Sequencing JCPyV NCCR sequences

Prior to sequencing, the PCR products correspond-
ing to JCPyV NCCRs were purified using a QIAquick
PCR purification kit (Qiagen Inc.) in accordance with
the manufacturer’s protocol. The DNA sequencing was
performed with the Applied Biosystems 3500xL genet-
ic analyzer.

Amplification of JCPyV VP1 sequences

To identify a JCPyV genotype of the isolates from
plasma and/or CSF samples, a fragment of the viral pro-
tein 1 (VP1) gene 215 bp long was amplified using one
pair of primers: JLP-15 (5'-ACAGTGTGGCCAGAAT-
TCCACTACC-3") and JLP-16 (5'-TAAAGCCTC-
CCCCCCAACAGAAA-3") [33]. PCR was performed
using Taq polymerase (the 2x PCR Blue Mix, Central
Research Institute of Epidemiology of Rospotreb-
nadzor) in accordance with the following procedure:

* initial denaturation: 95°C for 3 min;

* 40 cycles: 95°C for 15 sec, 55°C for 45 sec,

72°C for 30 sec;

« final elongation: 72°C for 5 min.

The PCR products were analyzed by 1% agarose
gel electrophoresis and staining with ethidium bromide,
followed by direct Sanger DNA sequencing.

Sequencing DNA JCPyV NCCR
and VP1 sequences

The PCR products corresponding to the NCCR
and VP1 JCPyV regions were purified using a QlAquick
PCR purification kit (Qiagen Inc.) in accordance with
the manufacturer’s protocol. The DNA sequencing was
performed with the Applied Biosystems 3500xL gene-
tic analyzer.

All NCCR sequences were compared with the
CY archetype sequence (GenBank accession number
AB038249) [32]. All NCCR sequences were mapped
using the SnapGene Viewer software and divided into
segments A, B, C, D, E, and F composed of 25, 23, 55,
66, 18, and 69 base pairs, respectively [11].

The sequences obtained after the amplification
of the VP1 region were compared with the respective
sequences of JCPyV isolates of different genotypes/
subtypes with accession numbers GenBank AF015526
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(genotype 1A), AF281599 (genotype 1B), AF030085
(genotype 2A), AF015532 (genotype 2B), AF015534
(genotype 2C), AF015536 (genotype 2D), AF295731
(genotype 3A), U73501 (genotype 3B), AF015528
(genotype 4), AF015537 (genotype 6), AF295737 (gen-
otype 7) and AF281623 (genotype 8). The sequence
alignment and phylogenetic analysis were carried out
using the MEGA 7 software [34].

Analysis of NCCR nucleotide sequences

The NCCR sequences were analyzed for the pres-
ence of putative transcription factor binding sites using
the PROMO virtual laboratory resource! [35, 36].

Accession numbers of sequences

All the NCCR sequences were deposited to the
GenBank NCBI database, with assigned accession
numbers OM479515-0M479562.

Statistical analysis of the data

The statistical analysis (Student’s t-test) was per-
formed using the unpaired t-test built-in module of
GraphPad Prism™ 9 software.

Results

DNA quantification
and JCPyV genotypes

A total of 26 plasma samples and 8 CSF samples
collected from MS patients treated with natalizumab,
having anti-JCPyV antibody index > 1.5, were used for
quantification of JCPyV DNA (Table 1). JCPyV DNA
wasdetectedinplasmaand CSFofonly 1 patient(NAT-1).
The patient was diagnosed with PML, and samples
were collected when he was in the vegetative state.
Most of the studied samples contained JCPyV DNA
at the levels lower than the detection limit set for the
PCR kit used for quantification of JCPyV DNA (lower
than 5x10% gEq/ml). It correlates with the low number
of JCPyV copies observed in most confirmed cases of
PML [24].

All the detected JCPyV isolates belonged to type
1 (genotypes 1A and 1B, Table 1) widely occurring
in Europe [37]. The most frequently observed gen-
otype was type 1B, being found in 75% of patients.
Note that JCPyV of different genotypes (9/7/2019 —
1B, 3/10/2019 — 1A) was detected in patient NAT-10
in plasma collected during different periods of time,
while JCPyV of genotype 1B was detected in the pa-
tient’s CSF collected on 21/10/2019. In patient NAT-15,
JCPyV of genotype 1A was detected in the plasma col-
lected on 1/11/2019, while JCPyV of genotype 1B was
detected in CSF collected on 6/2/2020.

' URL: http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/
promoinit.cgi?dirDB = TF 8.3

Types of JCPyV NCCR sequences in MS patients
treated with natalizumab

JCPyV NCCRs were found in 21 MS patients
treated with natalizumab: 37 independent JCPyV NC-
CR sequences were obtained from 26 plasma samples
and 10 independent JCPyV NCCR sequences were ob-
tained from 8 CSF samples. One case of primary immu-
nodeficiency ID-1, where JCPyV NCCR was detected
in plasma, was analyzed additionally.

Based on the NCCR classification [31], more
than 50% of NCCRs obtained from plasma of MS pa-
tients treated with natalizumab belong to rearranged
NCCRs of subtype 1I-R (52.63%; 20 of 38 JCPyV
NCCR sequences). Nearly half (48.65%; 18 of 38) of
JCPyV NCCRs found in plasma of MS patients treat-
ed with natalizumab belong to archetype-like NCCRs
of subtype II-S. Similarly, 60% (6 of 10) of NCCRs
obtained from CSF of MS patients treated with natal-
izumab belong to rearranged NCCRs of subtype II-R,
while the other NCCRs belong to archetype-like sub-
type 11-S (40%, 4 of 10).

Note that JCPyV NCCRs obtained from 1 pa-
tient with the confirmed diagnosis of PML and a poor
prognosis (samples were collected when he was in
the vegetative state) and detectable JCPyV DNA be-
longed to rearranged JCPyV NCCRs of subtype I1-R.
On the other hand, NCCRs from another MS patient
treated with natalizumab, having the confirmed di-
agnosis of PML with the favorable outcome and un-
detectable JCPyV DNA, belonged to archetype-like
subtype II-S.

In addition, the NCCR sequence obtained from
the plasma of a patient with primary immunodeficiency
(ID-1; GenBank accession number OM479515), who
did not take natalizumab, is 99% homologous to the
published archetype NCCR, except for 1 point muta-
tion in segment F, and belongs to archetype NCCR sub-
type II-S.

All the retrieved JCPyV NCCR sequences were
divided into 6 different types (without regard to point
mutations): types I[-IV belong to rearranged NCCRs
of subtype II-R (a total of 26 NCCRs, 20 from plasma
and 6 from CSF, respectively); types V and VI belong
to archetype-like subtype II-S (a total of 22 NCCRs,
18 from plasma and 4 from CSF, respectively); the se-
quences structures are shown in Table 2. The detected
types of JCPyV NCCR sequences are schematically
presented in Fig. 1.

Type 1 is represented by NCCR of type II-R, in
which the fragment composed of segments B, C, D, and
E (BCDE), tandemly repeated for 3 times. NCCR of
type I was detected in a plasma sample from patient
NAT-3 (5%; 1 of 20 rearranged NCCRs) and in a CSF
sample from patient NAT-18 (16.7%, 1 of 6 rearranged
NCCRs). Like NCCR of type I, type II is represented
by NCCR of type II-R, but BCDE-fragment is tandemly
repeated twice. NCCR of type II, most frequently found
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Table 1. Characteristics of samples obtained from MS patients treated with natalizumab
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Number of natalizumab

Anti-JCPyV

Quantification of JCPyV DNA,

No. Patient ID infusions, pcs antibody index gEg/ml JCPyV genotype
Blood plasma
1 NAT-1/1 H.a.|N.d. H.a.|N.d. 6,88 x 102 1A
2 NAT-1/2 H.a.|N.d. H.a.|N.d. <1x10° 1A
3 NAT-2 36 2,14 H. o. | N. def. H. o. | N. def.
4 NAT-3 22 2,127 H. 0. | N. def. 1B
5 NAT-4/1 16 2,43 H. o. | N. def. 1B
6 NAT-4/2 16 2,43 H. 0. | N. def. 1B
7 NAT-5 9 2,64 H. 0. | N. def. 1B
8 NAT-6 1 H.a.|N.d. H. 0. | N. def. 1B
9 NAT-7 32 2,63 H. o. | N. def. H. o. | N. def.
10 NAT-8/1 24 2,11 H. 0. | N. def. 1B
1 NAT-8/2 24 2,64 H. 0. | N. def. 1B
12 NAT-9 18 2,194 H. 0. | N. def. 1A
13 NAT-10/1 25 1,529 H. 0. | N. def. 1B
14 NAT-10/2 25 1,529 H. 0. | N. def. 1A
15 NAT-11 20 0,259 H. 0. | N. def. H. 0. | N. def.
16 NAT-12 26 2,582 H. o.| N. def. 1B
17 NAT-13 28 2,38 H. 0. | N. def. 1B
18 NAT-14 35 2,179 H. o.| N. def. 1A
19 NAT-15/1 27 2,353 H. 0. | N. def. 1A
20 NAT-16 12 2,773 H. o.| N. def. Type 1
21 NAT-17 40 34 H. 0. | N. def. 1B
22 NAT-18 24 H.a.|N.d. H. o.| N. def. H. o.| N. def.
23 NAT-19 H.a.|N.d. H.a. | N.d. H. 0. | N. def. 1B
24 NAT-20 H.a.|N.d. H.a.|N.d. H. o.| N. def. 1B
25 NAT-21 H.a.|N.d. H.a. | N.d. H. 0. | N. def. 1B
26 NAT-22 H.a.|N.d. 2,7 H. o.| N. def. 1B
Cerebrospinal fluid
1 NAT-1/1 H.a.|N.d. - 1,45 x 108 1A
2 NAT-2 36 - H. o. | N. def. H. o.| N. def.
3 NAT-3 22 - H. 0. | N. def. 1B
4 NAT-4 16 - H. o. | N. def. 1B
5 NAT-5 9 - H. 0. | N. def. 1B
6 NAT-10/3 25 - H. o. | N. def. 1B
7 NAT-15/2 27 - H. 0. | N. def. 1B
8 NAT-18 24 H.a.|N.d. H. o. | N. def. H. o. | N. def.

Note. N. d. — no data; N. def. — not defined.
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Table 2. Characterization of NCCR sequences identified in MS patients treated with natalizumab

GenBank
No. | sccession number Sequence formula
Blood plasma
Type | (II-R, (BCDE)a)
1
OM479519 A1-2sB1-23C1-55D1-39D4s-66E1-1s'F1-2'A25'B1-23C1-55D1-39D46-66E1-15'F1-2'A25'B1-2sc1-5501-3904s-ssE1-13F1.69
Type Il (II-R, (BCDE),)
2 OM479520 A1-25B1-23c1-55D1-39D46-66E1-1s'F1-2‘A25'B1-23C1-55D1-39D4s-esE1-1sF1-69
3 OM479516 A 25B125C 15501390 a6.66F 1187 15-P257B1.2:C 155D 130D 6. 66E 118 160
4 OM479517 A172531_23C1_45-CCTAACCTCCTA-D3_39D46_56E1_1B-F172-A25-B1_23C1_45

CCTAACCTCCTA-D, . D

3-39~ 46-66 —1-18 ' 1-69

5 OM479526 A, B, 2:C 15501590 6.66E 145 F 15251 2:C .60 30D a0 coEr.1aF

1-2571-23 7 1-55 1-39 "~ 46-66  1-18 1-23 7 1-557 1-39 46-66  1-18° 1-69

6 OM479528 A, 5B, 5:C 155D 130D 46.66E 118 1.07P%57B123C 1.55P1.30P s6.66E 118 169
7 OM479534 A, 5B1.2:C1.55D 130D a6.66E 118" 127257 B1.23C 155D 1.30D 46.66E 118" 1.60
8 OM479538 A, 5B, 5:C 155D 130D 46.66E 118 1.07A257B123C 1.55P1.30P s6.66E 118 169
9 OM479531 A, 5B1.2:C1.55D1.30Pa6.66E 118" 127257 B1.23C 155D 1.30D 46.66E 118" 1.60
10 OM479523 A, 5B, 5:C 155D 1.30D 46.66E 1187 1.07A57B123C 1.55P1.30P s6.66E 118 169
1" OM479542 A, 55B1.2:C1.55D1.30Ps6.66E 1157 127257 B1.23C 155D 1.30D 46.66E 118 1.60
12 OM479545 A, 5B, 5:C 155D 130D 46.66E 118 1.07A%57B125C 1.55P 130D s6.66E 118 169
13 OM479552 A, 55B1.2:C1.55D1.30Ps6.66E 118" 127P257B1.23C 155D 1.30D 46.66E 118" 1.60
14 OM479557 A, 5B, 5:C 155D 1.20D 46.66E 118 1.07A257B125C 155D 130D a6.66E 118 169

Type Il (II-R, BCDEBC)

15 OM479550 A, B 5:Cr 55D a0Dus s ErrsF 15 A By 2:CrssF

1-251-2371-55 1-39 46-66  1-18 1-2371-55" 40-69

C.F

1-2371-55" 40-69

16 OM479558 A, 6B, 2:C: 5D 30Dus e E 11 F 1 5AssB

1-2561-2371-565 1-39 46-66  1-18

17 OM479561 A, 5B 5:CrssDs a0Dus s ErnsF 15 A By 2:CrssF

1-251-2371-55 1-39~ 46-66  1-18 1-2371-55" 40-69

18 OM479555 A, 55B125C1 55D1.30Du6.66E 1487 F 1.5 B125C 1 55T

1-2561-23 7 1-55 1-39~ 46-66  1-18 1-2371-55" 40-69

Type IV (II-R, C,,,C, )

19 OM479529 A_B. ,.C .C..D .D,.E .F

1-251-23 7 1-34 75-55 1-39 46-66 1-18" 1-69

20 OM479535 A _,B.,.C.C. D .D,E .F

1-251-23 7 1-34 7 5-55 1-39 46-66 1-18" 1-69

Type V (II-S, ABCD,, and other truncated NCCR)

21 OM479522 A B .C D

125B1.25C1.5801.30
22 OM479530 A 5B 2CresD.s0
23 OM479541 A B, ,:CreD.a0
24 OM479544 A 5B 2Cr D0
25 OM479559 A B, :CoeD.a
26 OM479562 A 5B 2CresD.s0
27 OM479533 A 25B12C155D;.3D

1-251-23 7 1-565~ 1-39 46-66

Type VI (lI-S, archetype-like with Box D typical deletion)

28 OM479518 A B, .C. D, DBl

1-251-2371-55 1-39 46-66 _1-18" 1-69
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End of the Table 2

No. Ge_nBank Sequence formula
accession number
29 OM479532 DAV = S O b S 0 JN =S
30 OM479539 A, 5B 5:C. 6501 36Pus 66118 160
31 OM479536 A, ,:B,5:C. 55D, 5Pus6sE 116 160
32 OM479540 DAV - J G b JU 0 SN S
33 OM479543 A, 5:B,5:C. 55D. 5P 66E 116 160
34 OM479560 A, 5B.5:C ssD;26Pus 66116 160
35 OM479549 A, ,:B,5:C. 55D 5Pus66E 116 160
36 OM479551 DAV - S G b U 0 JN S
37 OM479556 A, 56B,5:C. 55D, 56Pus66E 116 160
Archetype
38 OM479515 DAV = S G b L = S
Cerebrospinal fluid
Type | (II-R, (BCDE),)
1 OM479554 A, 5B, 2:C15:D1 20D u666E 116 15P 5B 25C 155D 130D a6.66E 1157 127P25B1.23C 155D 136D a6.66E 118 160
Type Il (II-R, (BCDE),)
2 OM479525 A, 55B,2:C 155D 30D u6.66E 11577 1.5 B1.23C 1.565D 130D s6.66E 118 1260
3 OM479527 A, 6B, 5:C, 55D 20D 16.66E 145 15057 B1.25C 1.55D1.30D 6.66E 118  1.60
4 OM479553 A, 55B1.23C.55D1.30D 46.66E 145" 1.07A257B1.25C 155D 130D s6.66E 118" 1-69
Type lll (II-R, BCDEBC)
5 OM479521 A, 5B, 5:C. 55D1 30D 6.66E 115 F 1005 B 25C 1 55 4060
6 OM479546 A, 5B, 5:C, 5D, 20D, 66E1.1sCGGGAAT-B, , -ATG-C, ,-CCCCA-F, .
Type V (II-S, ABCD,, and other truncated NCCR)
7 OM479547 PV - S G b
Type VI (1I-S, archetype-like with Box D typical deletion)
8 OM479524 A ,:B,,:C.55D. 50Pus66E 116 160
9 OM479537 DAV - S @ b U 0 JN S
10 OM479548 A_,B C D D, E F

1-251-23 7 1-551-39 46-66 1-18" 1-69

in NCCR samples, was detected in 13 plasma samples
(65%; 13 of 20 rearranged NCCRs) and 3 CSF (50%; 3
of 6 rearranged NCCRs).

NCCR of type I is a new, unique, rearranged NC-
CR variant that has no homology with the NCCR se-
quences published previously in NCBI GenBank (con-
firmed by the nucleotide BLAST analysis). NCCR of
type Il is also a rare rearranged NCCR variant that has
homology with the NIID11-68 NCCR sequence (Gen-
Bank accession number LC164353), which was depos-

ited to the NCBI GenBank. The NCCR variant of type
IT was identified for the first time in plasma and CSF of
a patient with the confirmed diagnosis of PML, a poor
prognosis and detectable JCPyV DNA.

NCCR of type III belongs to type 1I-R that has an
additional copy of the BC-fragment, which is integrated
between segments E and F. NCCR of type I1I was found
in 4 plasma samples (20%; 4 of 20 rearranged NCCRs)
and in 2 CSF samples (33.3%; 2 of 6 rearranged NC-
CRs).
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Fig. 1. Schematic representation of the structure of JCPyV NCCR sequences identified in MS patients treated
with natalizumab.

Type IV is represented by II-R NCCR, where seg-
ment C is repeated tandemly. This NCCR variant was
found only in plasma from 2 MS patients treated with
natalizumab, NAT-8 and NAT-10 (10%; 2 of 20 rear-
ranged NCCRs).

NCCRs of types V and VI are archetype-like
NCCRs of subtype II-S. Type V is a shortened NCCR
variant, which lacks segments E and F (8 of 9 non-re-
arranged NCCRs) or segments A, B, and C (1 of 9
non-rearranged NCCRs). NCCRs of type V were most
frequently detected in plasma (8 of 9 non-rearranged
NCCRs), and 1 time in the CSF sample from patient
NAT-15.

Type VI is represented by NCCR of type II-S
having more than 98% homology with the published
archetype CY NCCR (GenBank accession number
AB038249), except for the 6-bp nucleotide deletion
in segment D. More than half (55.5%) of NCCRs of
type VI were detected in plasma samples (10 of 18
II-S NCCRs) and 75% (3 of 4 II-S NCCRs) — in CSF
samples. It should be noted that NCCR of type VI was
detected in plasma and CSF of the patient with the
PML diagnosis, favorable outcome, and unquantifi-
able JCPyV DNA.

Comparative analysis of occurrence of putative
transcription factor binding sites in JCPyV NCCR
in MS patients treated with natalizumab

The comparative analysis of the occurrence of
putative transcription factor binding sites included se-
quences of archetype NCCR (as a reference sequence)
and sequences of NCCR prototypes: Mad-1 [12, 38],
Mad-4 [39, 40], Mad-8 [40], and PML HL [41]. The
analysis showed that all types of NCCRs contain the
number of binding sites of transcription factors com-
parable with archetypal NCCR, including Pentamut,
L3 (Spi-B), L6 (Spi-B), L18 (Spi-B), L8 (Spi-B), Pseu-
do-NF-1 site, pS3, AP-1-like site, AP-4, PEA3, GABP,
GABP-alpha, TATA box, TFIID, and TBP. At the same
time, the number of transcription factor binding sites
such as GA box (SP-1 site), c-Jun, NF-1 motif, NF-1,
c-Fos, HMG I(Y), MEF-2A, C/EBPalpha, TEF-1, and
GF1 in rearranged NCCRs of types I-IV was larger
compared to archetype-like NCCRs (archetype, type V,
and type VI) (Table 3).

It has also been found that in NCCR sequences,
which belong to type II-R (type I, II, III, IV, Mad-8,
and PML HL), putative transcription factor binding
sites NF-1, GF1, and AP-1 occur significantly more fre-



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(1)

DOI: https://doi.org/10.36233/0372-9311-341

ORIGINAL RESEARCHES

Table 3. Putative binding sites of transcription factors in JCPyV NCCR in MS patients treated with natalizumab

Archetype
(1-S)

Type V
(1n-s)

Type VI
(1-8)

Type
(II-R)

Type Il
(I-R)

Mad-8
(II-R)

PML HL
(I-R)

Mad-1
(I-R)

Mad-4
(-R)

Type lll
(I-R)

Type IV
(I-R)

Pentamut 1 1 1 1

L3 (Spi-B) 1

-

1 1
L6 (Spi-B)

L18 (Spi-B)

L8 (Spi-B)
Pseudo-NF-1 site
p53

AP-1-like site
AP-4

PEA3

GABP

o O O o o o o o o o

GABP-alpha
TATA box

-

TFIID

NN

TBP
GA box (SP-1 site)

N

c-Jun

NF-1 motif

>~ N

NF-1

c-Fos

HMG I(Y)
MEF-2A
C/EBPalpha
TEF-1

GF1
CRE-TAR
AP-1 motif

1
1

1 1

1 1

o O o o o

N

2
0
0
0

Note. White indicates putative transcription factor binding sites that have not changed in number compared to the archetype sequence;
light grey indicates putative transcription factor binding sites that have decreased in number compared to the archetype sequence;
dark grey indicates putative transcription factor binding sites that have increased in number compared to the archetype sequence.

quently (p < 0.0001) than in NCCR sequences, which
belong to type II-S (the archetype of types V and VI)
(Fig. 2).

Heterogeneity of JCPyV NCCR populations
in MS patients treated with natalizumab

The performed analysis showed that 12 MS pa-
tients treated with natalizumab had several circulating
variants of the virus (Table 4). Two NCCR variants
were detected in 6 patients, 3 variants were found in 4

patients, 2 patients had 4 variants (Table 4). NCCRs of
type I and type IV (2 of 12) were detected most rarely in
combinations of virus variants; NCCR of type Il was
detected 5 times in the found combinations; NCCRs of
types Il and V were detected 7 times. Archetype-like
NCCR of type VI was the most frequently occurring
NCCR in combinations of virus variants (9 of 12).
Note that different variants of the virus were found
in different body compartments (plasma and CSF). How-
ever, no significant differences in the frequency of oc-
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Fig. 2. Comparative analysis of the occurrence of putative binding sites for transcription factors NF-1, GF1, and AP-1
in JCPyV NCCR in MS patients treated with natalizumab.

22 |I-S archetype-like NCCR samples and 26 II-R rearranged NCCR samples were analyzed. ****p < 0.0001.

currence between rearranged and archetype-like NCCR
variants in different body compartments were found.

The analysis of NCCR variants detected in paired
plasma and CSF samples (8 patients) also showed that
one NCCR variant was in 3 cases in plasma and CSF
(type II in 2 cases, type VI — in 1 case), while in the
other cases, there were different (multiple) variants of
the virus (Table 5).

Discussion

Development of PML in MS patients treated with
immunosuppressive agents such as natalizumab re-

quires search for biological factors (predictors) contrib-
uting to the risk of development of this serious brain
infection [42]. Studying of the structure of the JCPyV
NCCR sequence is one of the promising approaches.
During this study, for the first time in Russia, JCPyV
NCCR sequences were analyzed and the unique pattern
of duplications of NCCR segments was identified, hav-
ing no homology with NCCR sequences, which were
described earlier.

NCCR is a hypervariable regulatory JCPyV re-
gion approximately 400 bp long, containing most of
the elements required for initiation of early and late

Table 4. Multiple NCCR variants found in MS patients treated with natalizumab

No. Patient ID Blood plasma, NCCR type Cerebrospinal fluid, NCCR type
1 NAT-3 I, 1

2 NAT-4 I, v I, VI

3 NAT-8 I, 1v, v H. A |N.d.
4 NAT-9 V, VI H.a.|N.d.
5 NAT-10 I, 1V, VI \

6 NAT-13 V, Vi H.a. | N.d.
7 NAT-14 I, VI H.a. | N.d.
8 NAT-15 I, v 11, V, VI
9 NAT-18 I, 11, VI I,

10 NAT-19 I, vi H.a. | N.d.
1 NAT-21 V, Vi H.Aa. | N.d.
12 NAT-22 i, v H.a.|N.d.

Note. N. d. — no data.
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Table 5. NCCR variants detected in paired plasma and cerebrospinal fluid samples from MS patients treated with natalizumab

No. Patient ID Blood plasma, NCCR type Cerebrospinal fluid, NCCR type
1 NAT-1 I I

2 NAT-2 \Y Vi

3 NAT-3 I, 1

4 NAT-4 I, v I, VI

5 NAT-5 I I

6 NAT-10 I, 1V, VI Vi

7 NAT-15 I, v I, v, VI

8 NAT-18 I, 1, vi (]

transcription and viral gene expression, including TA-
TA boxes and transcription factor binding sites [2]. The
archetype NCCR JCPyV is divided into 6 segments —
A, B, C, D, E, and F composed of 25, 23, 55, 66, 18,
and 69 bp, respectively [11]. Neurovirulent JCPyV NC-
CRs are rearranged. For example, the prototype JCPyV
NCCR sequence, known as Mad-1, which was first
isolated from a PML patient [12, 38], has deletions in
segment D and consists only of segments A, C, and E
represented by 98-bp tandem repeats followed by seg-
ment F [43—45]. There are multiple rearranged JCPyV
isolates [46], including other Mad-isolates, which were
obtained from tissues of PML patients [47], for exam-
ple, Mad-8, which is identical to Mad-1 in its segmental
composition, but contains part of segment B as well as
single insertions. At the same time, the Mad-8 variant
is more common among NCCRs found in PML patients
than Mad-1 [43, 47, 48].

As is known, JCPyV NCCRs are classified into
four groups [49]: I-S, I-R (like Mad-1 and Mad-4), II-S
and II-R (like Mad-7 and Mad-8). NCCRs of type I do
not contain insertions, while NCCRs of type II contain
an insertion of at least a portion of the sequence from
one of the sections B or D. Subtypes S (for singular) do
not contain segments, while subtypes R (for repeat) have
them. NCCRs of type 1I-S are referred to as archetypes or
archetype-like if they contain deletions. NCCRs of type
II-R are generally referred to as rearranged NCCRs [49].

Our study has revealed that up to 55% of JCPyV
NCCRs in MS patients treated with natalizumab be-
long to rearranged NCCRs of subtype II-R, while the
other represent archetype-like subtypes II-S. Our find-
ings slightly differ from the previously published da-
ta, where up to 80-100% of NCCRs identified in CSF
samples and/or plasma/serum samples from patients
having PML or treated with natalizumab belong to re-
arranged NCCRs of subtype II-R [31, 50, 51]. In addi-
tion, the analysis of NCCR sequences in MS patients
treated with natalizumab revealed only 4 NCCR rear-
rangement patterns (types [-IV) and 2 archetype-like
patterns (types V and IV; Table 2). These findings differ

from those reported earlier by Reid et al., showing that
each PML patient had a unique set of deletions and du-
plications within NCCR [50]. Types I and I1I are unique
rearranged NCCRs, which were detected for the first
time. NCCR variants of type IV were described earlier
for patients with primary immunodeficiency syndrome,
PML and MS patients treated with natalizumab [50-
53]. Shortened NCCRs were also described earlier in
MS patients treated with natalizumab [50].

NCCR of type II is most common among samples
of rearranged NCCRs, having been detected in more
than 30% of cases (16 of 48); it is considered rare and
has been found only in 1.7% (17 of 989) of the studied
cases worldwide [46]. Previously, such NCCRs were
found only in CSF [46], while in our study, more than
80% of such NCCRs were found in plasma from MS
patients treated with natalizumab.

Mutations in rearranged NCCRs are complex and,
most likely, owe their existence to homologous recom-
bination, which leads to large deletions and tandem
duplications of segments in NCCR [43], like it was ob-
served in NCCRs detected during our study.

The comparative analysis has shown that flanking
segments A and F have never been affected during the
rearrangement, except for NCCR of type I1I, where part
of segment F was removed. These findings correlate
with NCCR rearrangements found in PML patients
treated with natalizumab [50].

Duplicated segment B is often detected as a por-
tion of relatively long tandem or single repeats (BCDE
or BC in our study) in rearranged JCPyV NCCRs in MS
patients treated with natalizumab. The similar duplica-
tions of segment B (partial or full-length) were detected
in Mad-8 JCPyV NCCR sequences found in brain tis-
sues from PML patients [47], in Mad-8 JCPyV NCCR
sequences from tonsil tissues of children [40] and in
some NCCRs in PML patients treated with natalizumab
[50, 51, 55]. Only NCCR of type IV contained the only
copy of segment B.

Note that segment C was always duplicated in re-
arranged JCPyV NCCRs of the studied cohorts treated
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with natalizumab, as a portion of relatively long repeats
(BCDE or BC) in NCCR of type I-type Il or as a single
duplication in NCCR of type 1V. Duplications of seg-
ment C are typical of many NCCRs found in patients
with primary immunodeficiency syndrome, PML and
MS patients treated with natalizumab [50-53].

Note that segment D was present in all NCCRs
from MS patients treated with natalizumab. This ob-
servation differs from the previous reports describing
its complete or partial absence in NCCRs from plas-
ma and/or CSF of PML patients treated with natali-
zumab [46, 50]. Most of the NCCRs detected during
the study had an identical unique deletion 6 bp long
(AAACCA) in segment D. This deletion was detected
in 41 of 48 NCCR sequences obtained from plasma
and CSF samples in all types of NCCRs (rearranged
and archetype-like), except for shortened NCCRs (7 of
48), which belonged to type V. It should be noted that
when this deletion was present in the repeated fragment
BCDE, it was common for all copies, thus leading to
the assumption that the deletion occurred prior to the
duplication, as it was assumed previously [50, 55]. Ap-
parently, this unique deletion is caused by natalizumab
in the studied cohort (the result of the selective pres-
sure caused by natalizumab treatment), as it was found
in most of the analyzed NCCR sequences; however, it
was absent in NCCRs from plasma and CSF from the
patient with primary immunodeficiency.

Segment E was present in all NCCRs in MS pa-
tients treated with natalizumab. In NCCRs of types I
and 11, it was duplicated as part of relatively long re-
peat BCDE. This observation correlates with the pre-
viously described NCCR structures in PML patients
[47, 50, 51, 54]. NCCRs of type III had the only copy
of segment E.

High frequency of repeats in NCCR sequences
results in the increasing number of enhancer elements,
which presumably are of critical importance for vi-
ral pathogenesis [46]. Each BCDE-fragment contains
several enhancer elements, including binding sites
of transcription factors NF1, CRE-TAR, GA-domain
(the binding site of the SP-1 transcription factor),
GF-1, AP-1, etc. (Table 3). It is known that these en-
hancer elements modulate transcription, expression,
and replication of JCPyV as well as its tropism [13,
44, 56-61].

Our analysis has shown that segment D contains
several enhancer elements, including 4 binding sites,
TFIID, TBP, TEF-1, and c-Fos, which were predicted
by the PROMO tool [35, 36]. The unique 6-bp deletion
(AAACCA) detected in segment D caused the loss of the
predicted c-Fos binding site (the prediction was made for
the human factor and viral sites) compared to the arche-
type sequence. c-Fos is a nuclear phosphoprotein, which
forms a tight, but not covalently linked complex with
the JUN/AP-1 transcription factor [62, 63]. c-Fos is ex-
pressed with low tissue specificity and is found almost in

all body compartments?. It is known that c-Fos activates
JCPyV early and late promoters [64]; therefore, the loss
of this putative binding site in segment D may not result
in switchover to the neurovirulent variant; however,
this circumstance requires further research.

It should be noted that multiple NCCR variants
were found in 12 MS patients treated with natalizum-
ab; the variants detected in plasma and CSF from one
patient were different. Earlier, it was found that in a
human body, JCPyV existed as a quasispecies (i.e.
the population of closely related species), which was
common for CSF and plasma from one patient [53]. In
the meantime, in most of the paired samples, NCCR
variants detected in plasma and CSF were different.
It is known that bone marrow cells and respective B
lymphocytes are seen as potential sites for neurotropic
transformation of JCPyV due to inherent capability of
DNA rearranging, which can contribute to emergence
of rearranged JCPyV variants [65-67]. It was also as-
sumed that both lymphocytes infected with the virus
and the cell-free virus participated in the spread of the
virus by crossing the blood-brain barrier [67—70]. Most
likely, rearrangements in JCPyV NCCRs in the infected
lymphocytes that crossed the blood-brain barrier con-
tinue, leading to the emergence of NCCR variants in
CSF, which differ (completely or partially) from those
that are detected in plasma.

The changeover of JCPyV genotypes, which we
observed in paired samples from two patients (NAT-10
and NAT-15), demonstrates that in immunosuppressive
conditions (associated with natalizumab treatment),
JCPyV is highly variable not only in the NCCR region,
but also in the region encoding VP1. The existence of
multiple JCPyV variants, their different compartmental-
ization in the body of the patient as well as the change-
over of JCPyV genotypes over time and depending on
the analyzed body compartment (plasma or CSF) are
associated with the processes, during which the virus is
continuously adapting to its cellular environment, as it
was also described by other researchers [53].

Conclusion

The study has for the first time identified NCCR
patterns typical of MS patients treated with natalizumab
in Russia and detected a new rearranged NCCR variant;
it has also highlighted the pressing need for further re-
search on JCPyV NCCR rearrangements in MS patients
treated with natalizumab to gain a new insight into the
origin of neurovirulent JCPyV variants. In future, iden-
tification of JCPyV NCCR rearrangements can improve
PML risk stratification, expedite diagnostic tests, and
optimize the healthcare resource utilization, contribut-
ing to the reduction of direct and indirect costs associ-
ated with the MS disease.

2 URL: https://www.proteinatlas.org/ENSG00000170345-FOS/
tissue
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B3anmocBasb uyBcTButenbHoctu Candida albicans K
AaHTUMMNKOTNYECKUM npenapartam C apXuTeKTypon nx coobuiecrea
B potornotke BUM-nHpuumpoBaHHbIX NaLneHToB

HecBmxckuii K0.B."?*, Boponaes A.Ll.", ApaHacbeB C.C.2, BonukoBa E.B.",
AdaHacbeB M.C.", BoponaeBa E.A.%, CyneinmaHoBa M.3.3, byaaHoBa E.B.’, Yp6aH 0.H.?

'MepBbIt MOCKOBCKMI rOCyAapCTBEHHbBIN MEAVULMHCKII YHUBepcuTeT nMmeHn .M. CeueHoBa

(CeyeHoBckni YHnBepcuteT), MockBa, Poccus;

2MOCKOBCKUIA HayYHO-UCCNeA0BaTENbCKUIA MHCTUTYT SNUAEMUONOTUN U MUKpobronorum nmenm ILH. labpryesckoro
PocnotpebHan3opa, Mocksa, Poccus;
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AHHOMauus

AxTyanbHoCcTb. KaHamao3Has UHAEKUUsi COXpaHsieT CBOK akTyarnbHOCTb B CBSI3W C LUMPOKUM pacnpocTpaHe-
HWEM PE3NCTEHTHBIX K aHTUMUKOTUYECKUM Npenapartam wtammoB rpnbos poga Candida, ocobeHHo cpean nm-
MYHOKOMMPOMETUPOBAHHbIX NuL. PaHee Gbino obHapyXeHo, 4To coobuiectBo rpnbos Candida spp. B Guotone
potornotkn BUY-uHbDUUMPOBaHHLIX NALMEHTOB OTNMYaET onpeaenéHHasa apxuTekTypa: OHM MOryT NMPUCYTCTBO-
BaTb B JaHHOM GuoTone B BUAE MOHOKYILTYPbI UK accoLmaumm KousonsTos. [1peanonoXunu, 4To apxutekTypa
coobLecTBa KaHaMA MOXET BNUSTb Ha X YCTOMYMBOCTb K aHTUMUKOTUYECKUM npenaparam.

Llenb paboTbl — cpaBHUTENbHOE UCCMELOBaHME B3aMMOCBA3M apXMTeKTypbl coobulectBa C. albicans B poTo-
rnotke BUY-nHpMLUMpOBaHHBLIX NaLMEHTOB ¢ opodapuHrearnbHbIM KaHAUA030M U UX YyBCTBUTENBHOCTU K aHTU-
MWKOTUYECKUM Mpenaparam.

Matepuanbl n metoabl. lNMposeaeHo mukpobuonornyeckoe nccnegosaHve 52 nsonsartos rpubos poga Candida
(C. albicans, C. glabrata, C. tropicalis v C. krusei) 3 potornotku 31 BUY-nHcunumposaHHoro nauneHTa (Bo3pact
20-69 nert, NnpakTN4Yeckn paBHOE reHAepHOe pacnpenernieHne) ¢ KMMHUYECKUMN NPOSBIEHNSMU opoddapuHre-
anbHoro kaHgnposa. B copme mMoHoOKynbTyp 6binu BblgeneHsl 18 n3onatos, a Takke 34 kousonsTa, KOTopble
o6pasoBanu 16 romMoreHHbIX accouuaLmMi, BKIHOYaLWKMX WTaMMbl TONbKO OAHOMO BuAa, U 18 — reteporeHHbIX,
COCTOSILLMX U3 rpMBOB pas3nmyHbIX BUAOB.

Pe3ynsbratbl. YctaHoBunu, uto C. albicans, coopMmupyloLine reTeporeHHble accoumnanmm, 3aMeTHO BbiAensnuch
Mo YyBCTBMTENBHOCTM K aHTUMUKOTUYECKUM MpenapaTtaM, B YaCTHOCTM, HU3KOW YyBCTBUTENbLHOCTBIO K UMUAA30-
nam. LUtaMmmbl, KOMNOHEHTbI FOMOTEHHbIX aCCOLMaLIMIM NPaKTUYECKN HE OTNINYANUCEL OT MOHOKYNLTYPHbIX. O6Lwme
cBovictea nonynsuum C. non-albicans 6611 BoO MHOrOM cxofHbl ¢ TakoBbiMu C. albicans, HO OHa xapakTepu3oBa-
nacb 6onee HN3KOWM reTepPOreHHOCTbLI0 MO YYBCTBUTENBHOCTM K aHTUMUKOTUYECKUM Npenapartam.

3akntoueHune. ApxuTekTypa coobuecTtBa rpubos poga Candida, BblgeneHHbIx n3 potornotku BUY-nHdbuumpo-
BaHHbIX MAaLMEHTOB C KMMHUYECKUMU NPOSIBNEHNAMI opodapuHreansHOro kaHanao3a, BNMseT Ha X YyBCTBU-
TENbHOCTb K aHTMMUKOTUYeckuM npenapartam. Mpu nogbope adeKTMBHOM aHTUMMKOTUYECKON Tepanuu ans
Takux NauMeHToB HeOOXOAMMO yunTbiBaTh CTPYKTYpPY coobuiectBa Candida spp. B pOTOINoTKeE.

KnioueBble cnoBa: Candida, apxumekmypa MukpobHo20 coobujecmea, pe3ucmeHmMHOCMb K aHmMUMUKomu4e-
CcKum nipenapamam, BUY-ungpekyus

AOmuyeckoe ymeepxdeHue. NpoTokon vccnenoBaHusi ogobpeH Komutetom no atvke npu KOxHO-YpanbCckoM rocy-
[apCTBEHHOM MeauUMHCKOM yHuBepcuTteTe (npotokon Ne 4 ot 25.04.2014). Y Bcex NauueHToB, BKMHOYEHHBIX B UCCIe-
noBaHue, ObIno nonyyYyeHo A0OPOBONbHOE MHOPMUPOBAHHOE COrflacue Ha UCMOoMb30BaHWE OaHHbIX NabopaTopHbIX
aHanu3oB B Hay4HbIX LIEMsIX.

McmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asBMSAOT 06 OTCYTCTBMMN BHELLUHEro (hMHAHCUPOBAHWUS NPU NPOBEAEHUN UC-
crepoBaHus.

KoHgbniukm uHmepecoe. ABTOPbI AeKNapupyOT OTCYTCTBUE SIBHBLIX U NOTEHLMANbHBLIX KOH(PIUKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6rvkaumen HacTosILLEN cTaTbu.

Ans yumupoeanus: Hecewxckuii KO.B., Boponaee A.[l., AdaHacbes C.C., Bonykosa E.B., AdaHacbes M.C., Bopo-
naesa E.A., CyneiimaHoBa M.3., BynarHoea E.B., Yp6aH KO.H. B3anmocBsi3b 4yBcTBUTENBHOCTM Candida albicans k
aHTUMUKOTUYECKMM NpenapaTtam C apXUTekTypol ux coobulectBa B potornotke BAY-nHpMUMpOBaHHbIX NaumMeHTOoB.
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The association between Candida albicans sensitivity to antimycotic
drugs and the architecture of their microbial community

in the oropharynx of HIV infected patients
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Mariam E. Suleymanova?, Elena V. Budanova’, Yulia N. Urban?

.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia;
2G.N. Gabrichevsky Moscow Research Institute for Epidemiology and Microbiology, Moscow, Russia;
3Petrovsky National Research Center of Surgery, Moscow, Russia

Abstract

Kannunos — pacnpocrpan€HHOE NaTONIOrHYecKoe

Relevance. Candida infection remains relevant due to the wide spread of antimycotic-resistant strains of Can-
dida fungi, especially among immunocompromised individuals. It was previously discovered that the Candida
spp. microbial community in the biotope of the oropharynx of HIV infected patients is characterized by a certain
architecture: they can be present in this biotope in the form of a monoculture or as association of co-isolates. It
has been suggested that the architecture of the Candida microbial community may influence their resistance to
antimycotic drugs.

Purpose — a comparative study of the association between the architecture of the C. albicans microbial community
in the oropharynx of HIV infected patients with oropharyngeal candidiasis and their sensitivity to antimycotic drugs.
Materials and methods. A microbiological study of 52 isolates of Candida fungi (C. albicans, C. glabrata, C. trop-
icalis and C. krusei) from the oropharynx of 31 HIV infected patients with clinical manifestations of oropharyngeal
candidiasis aged 20 to 69 years with almost equal gender distribution was carried out. In the form of monocultures,
18 isolates were isolated, while 34 were identified as co-isolates, which formed 16 homogeneous communities
that included strains of the same species, and 18 heterogeneous ones that consisted of fungi of various species.
Results. It was found that heterogeneous communities of C. albicans were markedly distinguished by sensitivity
to antimycotic drugs, in particular, by low sensitivity to imidazoles. Homogeneous communities practically did not
differ from monocultural ones. The general properties of the C. non-albicans population were largely similar to
those of C. albicans, but were characterized by lower heterogeneity in response to antimycotic drugs.
Conclusion. The architecture of the community of C. albicans isolated from the oropharynx of HIV infected pa-
tients with clinical manifestations of oropharyngeal candidiasis affects their sensitivity to antimycotic drugs. When
selecting effective antimycotic therapy for such patients, it is necessary to take into account the structure of the
Candida spp. community in the oropharynx.

Keywords: Candida, microbial community architecture, antimycotic drug resistance, HIV infection
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BeeneHue OCII0)KHEHHME OCHOBHOTO 3a00JIeBaHusl, 0COOEHHO CPEIH

HMMYHOKOMIIPOMETUPOBAHHLIX JIUL[, YHUCJIIO KOTOPBIX

COCTOSIHUE, BBI3BIBAEMOE JPOXKETIONO0HBIMH TpUOaMu
pona Candida. HecMoTpst Ha TOCTHKEHUS] COBPEMEHHOM
MEIMIUHEI, TIPOOJIEMbI, CBI3aHHBIC C STON MH(EKIHEH,
COXPaHSIOT CBOIO aKkTyanbHOCTH [1]. Yame Bcero xas-
JIIII03bl BBICTYIIAIOT KaK IPOSBICHHE JUCOMO30B pas-
TU4HOM sTHONOrMU [2, 3]. OnHako B HACTOSAIIEE BPEMsI
HauOoJbIIee OECIIOKONCTBO MPEICTABIISACT KAH UI03HOES

HEYKJIOHHO pactér [4—11]. Ortuonorunveckuii dakrop
KaHIM/I03a — MPOKApHOTUYECKUH YCIIOBHO-ITaTOTECH-
HBII MuKpoopranusm pona Candida, npencraBieHHBIN
noutu 200 Bunamu. Cpeau HUX Haubosee pacrpocTpa-
HEHHBIM B nionyJsiuu Jitosielt sisisercs C. albicans [12].

Hocrarouno yacto Candida spp. BICEBAaIOTCS OT
MAaIMEHTOB B BU/IE€ MOHOKYJBTYPBI OZHOTO BUAA, OAHA-
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KO TIPH PAAE COCTOSIHUHM OBUIO OTMEUYEHO MapalieIbHOe
NPUCYTCTBHE B OMOTOIE HECKOJIILKUX BUIOB MIIK LITAM-
MOB JIaHHBIX rpuOOB [6, 8, 13, 14]. B xoze ueneHamnpas-
JICHHOTO MUKPOOHOJIOTHYECKOTO UCCIIEIOBAHUS CITH3H-
cteix BUY-uHUIMPOBaHHBIX MALMEHTOB ¢ KIMHUYE-
CKUMH TpPH3HAKaMH OpOo(apUHIeaIbHOTO KaHIUI03a
MbI MONTBEPAWIIN AaHHbIA (akt [15]. Bmecte ¢ Tem
0bUI0 00HapykeHo, uTo coodecTBo rpuboB Candida
Spp. B OHOTONE POTOIIOTKHA OTIMYAET YHOPSAOYCH-
HOCTB CTPYKTYPBL, T.€. ONpeaciEHHas apXUTEKTypa: OHH
MOT'YT IPUCYTCTBOBATh B IAHHOM OWOTOIE B BHJIE MO-
HOKYJIBTYPBI WK accoluauu kon3oisitoB. [locneanue
MOT'YT OBITh HE TOJILKO T€TEPOTCHHBIMH, COCTOALINMH H3
rpu0OOB Pa3NUYHBIX BUJIOB, HO U TOMOTEHHBIMHU, BKIIIO-
YAIOUIMMU pa3IMYHble IITAMMBI OIHOTO BUJIA.

B HemaBHMX Hay4HBIX NyONMKalMsIX JAENTaeTcs
0COOBIf aKLEHT Ha CTPYKTYPY MUKPOOHBIX COOOILIECTB
BHYTPCHHUX OHMOTONOB Tejla YEIOBEKa, APXHUTEKTY-
pa KOTOpPBIX CBfi3aHAa C MAaTOT€HE30M MAaTOJNIOTHUYECKUX
npoueccos [16, 17]. YuuTeiBasg HEYKJIOHHO pacIIups-
IolIeecs paclpoCTpaHEHUE PE3UCTEHTHOCTH K aHTHMHU-
KOTHYECKUM TIperaparam cpeau rpudos poaa Candida
[18—24], MBI npeAnoNoKWIN, YTO YCTOWYMBOCTh KaH-
JUIl K 3TUM JIEKapCTBEHHBIM CPEICTBAM MOXET OBITh
ACCOLMMPOBaHA C aPXUTEKTYPOH HX COOOIIECTBA.

Hesas paboTel — cpaBHUTENBHOE HCCIEIOBaHUE
B3aMMOCBSI3H apXUTEKTyphl coodmiectBa C. albicans u
MX YyBCTBUTEIFHOCTH K aHTUMUKOTHYECKUM ITpernapa-
Tam B potoriotke BUY-uHUIMPOBAaHHBIX MAllHEHTOB
C KIIMHUYECKUMH TPOSIBICHUSIMUA OpOopapUHreanb-HOro
KaH/IW103a.

MaTepman bl N meToAbl

[TpoBeneHO MUKPOOHOIOTHYECKOE UCCIEIOBaHUE
rpuboB pona Candida, BeIIENEHHBIX U3 POTOINIOTKH 3 1
BUY-undunmposannoro manuenta (51,6% — myx-
yuHbl, 48,4% — >keHIIuHBI) B Bo3pacTe 20—-69 net c
KJIMHAYECKUMHU TPOSIBICHUSAMH OpOQapUHreaqbHOro
KaH/IWA032, HAXOAMBILIMXCS Ha CTAllMOHAPHOM Jieue-
Huu B KimHndeckoil nHGEKIMOHHON OosbHuIe No 2
I. MOCKBBL.

BUY-undekuus y Bcex mamueHToB ObLia aua-
THOCTHPOBaHA Ha OCHOBaHMH KJIWHHUKO-3IHIEMHOIO-
THYECKUX JaHHBIX M MOATBEp)KAEHA OOHapyKECHHEM
creun(pUUecKuX aHTUTEI/aHTUTEHOB METOIOM HUMMY-
HO(EPMEHTHOTO aHajau3a U JIM3aTHOTO MMMYHOOJIOT-
TUHra K OelKaM BUpyca MMMYHOIAS(PHINTA YeJOBEKa
(«Profiblot 48 TECAN», «Atobnor 3000») B coort-
BETCTBUM C KIMHUYECKoi kiaccupukanueit BUY-un-
¢exnuu no B.U. Tloxposckomy (2001) B Moauduka-
uur 2006 ©.' YV Bcex o0ciemoBaHHBIX JUI[ OBLIO IIO-
Jy4eHO N0OpOBOIBbHOE WH(POPMUPOBAHHOE cOTacue
Ha KCIOJNb30BaHME JAHHBIX JIAOOPAaTOPHBIX aHAIN30B
B Hay4dHbIX 1eJsix. [IpoTokon uccnenoBanue oqoOpeH

! Tlpuka3z Munsapascorpassurus Poccuu ot 17.03.2006 Ne 166

«Poccwmiickas xmHnYecKas kaccudukanus BUU-nabexummy.
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Komurertom no atuke npu 'bOY BIIO OYI'MY Mus-
3npasa Poccuu (mporokon Ne 4 ot 25.04.2014).

Breigenenue u unentudukanuo usonsatos Can-
dida spp. Mo MOPQOIOTHUECKUM, THHKTOPUAIHHBIM,
OMOXMMHUYECKMM M  MOJIEKYJISIPHO-TeHETHYECKUM
CBOWCTBaM OCYHIECTBIISZIM B COOTBETCTBHH C 0OOIIe-
MOPUHATBIME METOJAaMH MHKPOOHOIOTHYECKON Juar-
HOCTUKH. DEepMEHTAaTHBHYIO aKTUBHOCTH OIICHUBAIIU
C TOMOIIBI0 KOMMEpUYEeCKHuX TecT-cucteM («Remely,
«Erba Lachemay). T'enerndeckue Mapkepbl H30JIs-
TOB onpezessnu B MynsTuiuiekcHoi 1P ¢ Bugocne-
muduueckumu npaimepamu («AmmmCenc®). TP
MIPOBOAMJIM COTIACHO METOIUYECKUM PEKOMEHIANUM
®BYH IMHUU Brnuaemuonoruu PocmorpebHazopa’.
s Beinenenus JIHK ucnions3oBanu HaOOpHI pearcH-
ToB, pexomeHaoBanueie ®BYH ITHWUU Dnunemuono-
run Pocniorpednanzopa. Dxcrpakuuto JJHK u3 kaxmo-
ro KIMHUYECKOTo 00pasiia IPOBOIUIN B IPUCYTCTBUU
BHYTpPEHHET0 KOHTposbHOTO oOpasua (BKO-FL). Awm-
IIUQUKAIMIO ¢ (QIIOOPECIEHTHON JCTeKIMend Mpo-
BOJWIM B PEKUME PEalbHOrO BPEMEHH C IOMOIIBIO
KoMmIuiekta peareHToB «IIL[P-xoMruiekT» BapuaHT
FRT-100 F. Boigenennsie uuctoie Kyasrypbl Candida
Spp. XpaHWIN Ha cKolleHHOM arape Calypo B mpooup-
Kax npu 4—6°C.

Bcero Obuio monyueHo 52 wusonsTta rpubOB po-
na Candida, B Tom uucne C. albicans, C. glabrata,
C. tropicalis u C. krusei (Ta6a. 1). B dopme MOHOKYIB-
Typ ObUI0 BeIIETCHO 18 H30M4TOB, a Takxke 34 KOU30JIs-
Ta, KOTOpbIe 00pa30Baau 16 rOMOTeHHBIX ACCOIMALINH,
BKJIIOYAIONIMX IITAMMBI TOJIBKO OJHOTO BUIa, U 18 —
TeTEPOreHHBIX, COCTOSIINX U3 TPUOOB Pa3INUHBIX BHU-
noB. Jlns ynoocrea ananusa C. glabrata, C. tropicalis n
C. krusei O6bumn 00betuHeHBI B Tpyniny C. non-albicans.

YyBCTBUTENFHOCTh BBIJICJICHHBIX H30JIATOB T'PU-
00B pona Candida x aHTUMHKOTUYECKUM IIperaparam
ONpENesUId  CTaHAApPTHBIM  JTUCKO-TU((y3HOHHBIM
MeTonoM. Mcnonb3oBanu Oymaxuble nucku («Oxoid»)
JuaMeTpoM 6 MM, MPONHUTAaHHBIE AaHTUMHKOTUYECKHU-
MU [pernaparaMy, ¥ IUIOTHYIO THTAaTEIbHYIO CPERy
Mironnepa—XuHTOHa, cofepKamyo 2% TIIIOKO3bl U
0,5 MKr/mi kpacutenass METUJICHOBOTO cuHero. B ka-
YeCTBE MHOKYJIIOMa HCHONb30BAU CYTOYHBIE KYJBTY-
pet uccnenyembix Candida spp. B xonueHrpanuu 0,5
EJl mo McFarland. [ToceBsl nnkyOupoBanu npu 35°C
1824 4. N3smepsinu auameTp 30HBI 33JEPKKH pocTa
U OLIEHUBAIU KYNBTYphl KaK YyBCTBHUTEIIbHBIE/pE3u-
CTEHTHBIE K INpernapaTtamM MMHIAa30JI0BOTro (KIOTpHMa-
3011, KETOKOHA30J1), TPUA30JI0BOrO (MTPAKOHA30IM, (Iy-
KOHA30J1) ¥ TMOJIMEHOBOT0 (HUCTAaTHH, aM(poTepulinH B)
PSIOB.

2 Metomudeckue pexomeHmauuu «lccnenoBaHne KIMHHIECKOTO
Mmarepuana Ha Hammane JJHK BosOyaureneit UIIIIII u npyrux
nHeKnuit opraHoB penponykuuu meromom [ILP ¢ rubpuan-
3aroHHO-(iyopecienTHol  aerekuumein». URL: https:/www.
amplisens.ru/upload/iblock/db2/MR%20IPPP-FL.pdf



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMMI. 2023; 100(1)

DOI: https://doi.org/10.36233/0372-9311-326

29

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Tabnuua 1. XapaktepucTtuka nsonsatos rpubos poga Candida, BblgeneHHbIX u3 potornotkn BUY-nHbmumpoBaHHbIX naumeH-

TOB
Table 1. Characteristics of isolates of Candida spp. isolated from the oropharynx of HIV-infected patients
Accoupaumm | Communities
MoHoKynbTYpbI
Buabl rpubos Bcero Monocultures BCEro rOMOreHHble reTeporeHHble
Fungi species Total total homogeneous heterogeneous
abc. | abs. % abc. | abs. % abc. | abs. % abc. | abs. %
C. albicans 30 8 26,7 22 73,3 16 53,3 6 20,0
C. non-albicans 22 10 45,5 12 54,5 0,0 12 54,5
B TOM uucne | including
C. glabrata 1 7 63,6 36,4 0,0 4 36,4
C. tropicalis 6 3 50,0 50,0 0,0 50,0
C. krusei 0,0 100,0 0 0,0 100,0
Wroro | Total 52 18 34,6 34 65,4 16 30,8 18 34,6

PesynbraTel uccienoBaHMs TOABEPrajid  CTaH-
JAPTHOW CTAaTUCTHUYECKOM 00pabOTKE ¢ TOMOIIBIO MTPO-
rpammebl «Statistica v. 6.0» («StatSoft»). Jlns cpaBHu-
TENBHOTO aHaji3a NPHUMEHSUIM HelmapaMeTpU4ecKue
Mmetoabl ManHa—Yuthu u y*. Kpurepuem crarucruue-
CKOH JIOCTOBEPHOCTH Pa3IMyMsl MONyYaeMbIX AaHHBIX
CUUTAHU OOIIETIPUHSTYIO B OMOJIOTHH U MEIULMHE Be-
TnuuHy omuoku p < 0,05 [25].

PesynbraTtbl

Cpenu uzonsto C. albicans, BblIENEHHBIX B (op-
M€ MOHOKYJIBTYPBI, PE3UCTEHTHOCTh K TPHAa30JiaM 3KC-
npeccupoBanach B 3,02 pasa game (p < 0,01), uem k
nojueHam, u B 2,21 pasa yame (p < 0,05), yem Kk umu-
nazonam (Tadua. 2). I[lpu 3ToM UMUAA30II6I U TTOTUCHBI
OTJIIMYAIIUCH IO 3TOM Xapakrepuctuke B 1,36 paza (p >
0,05). MonokynberypHbie u3oisatel C. albicans Obun
YyBCTBUTENLHBI K 000MM MMOJHUCHOBBIM MpenaparaMm U
kiorpumasodny (87,5-100,0%) 1 OTHOCHUTENBHO YCTOM-
YHUBBI K TPUA30J1aM, 0COOCHHO K (rykoHazoiy (25,0%).

Wzonsater C. albicans, BbIeNCHHBIE B (JOPME TO-
MOTCHHBIX aCCOIMAINi, Yallle BCEro ObUIH YyBCTBHU-
TENBHBI K MpenaparaM MOJHEHOBOTO PAa U Pexke — K
TpuasonaMm, 0cobeHHO QuykoHazony. [lpu 3ToM 4yB-
CTBHUTEJILHOCTh K MOJHMEHAM B JAHHOW TPyIIIe MUKPO-
0oB BcTpevasiack B 1,45 paza gamie (p < 0,05), uem k
MMUa3051aM, a K Tpuasoiam — B 2,89 pasza (p < 0,001).
KonnyecTBO MITaMMOB, 4YBCTBUTEIBHBIX K JCHCTBHIO
HMHIA30JI0B, JABYKPATHO MPEBOCXOAMIO YHCIO UyB-
CTBUTENBHBIX K TpuazonaMm (p < 0,05). Mzomsarer C.
albicans »Toli popMbl MUKPOOHOTO COOOIIECTBA 3HA-
YMMO HE OTIIMYAIHCH M0 YyBCTBUTEIBHOCTH K OT/IEITb-
HBIM TIPEICTABUTENSIM TECTUPOBAHHBIX (hapMaKOIOTHU-
YECKHX TPYIIIL.

B rpynne C. albicans, BbineneHHbIX B (opme
TeTEPOreHHBIX acCOLUAlWi, OTMeYalach HU3Kas JKC-
IpeccHsi YyBCTBUTEIILHOCTU K Iperaparam a30j0BOro
psna. Hactora 0OHAPYKCHHUS [IITAMMOB, YyYBCTBHUTEIb-
HBIX K TpHa3ojaM, ObUla HIDKE, YeM K IOJUCHAM, B
3,99 paza (p < 0,05), a k umuaazonsam — B 2,67 pasza

(p <0,05). [Ipn 3TOM UMHIA30IBI U TPUA3O0JIBI IPAKTH-
YEeCKH HE Pa3Invainch 1o 3Q(HEKTHBHOCTH.

CpaBHHUTENBHBINM aHAIKM3 MOKA3aj, YTO H3OJSTHI
C. albicans, BbiicneHHbIE B ()OPME TOMOTCHHBIX aCCO-
LUK, HE OTIIMYAIUCh OT MOHOKYJIBTYPHBIX O pac-
NPOCTPAHCHUIO YyBCTBUTEIBHOCTU KaK K OTJCIbHBIM
AQHTUMHUKOTHYECKUM TIpenaparam, Tak 1 K GapMaieBTu-
yeckuM rpynnam. C. albicans, mpencTaBUTENN TeTEPO-
TEHHBIX aCCOLUALINI, OTIINYAIUCH OT MOHOKYJIBTYPHBIX
M30JIATOB M KOMIIOHEHTOB T'OMOTCHHBIX aCCOIHAIHi
PE3KHM CHH)KCHHEM YyBCTBHTEIILHOCTU K HMHIa30J1aM
B 11esioM (B 2,75 u 2,50 pasa coorBercTBeHHO; p < 0,05),
Y B YaCTHOCTH K KJIoTpuMasoiy (B 5,24 u 3,74 pasa co-
OTBETCTBEHHO; p < 0,05).

MoHnokynstypHble mtammsbl C. non-albicans 0bun
BBICOKOYYBCTBUTEIILHBI K MOJIMCHAM, M B MEPBYIO O4e-
pellb K HUCTaTUHY, 8 Pe3UCTEHTHBI — K 000UM TPUA30JI0-
BbIM nipenaparam. [ pynma C. non-albicans, BelieneHHas
B (hOpMe reTepOreHHbIX accolUalri, 0Ka3alach BBICO-
KOYYBCTBHUTEJIBHOM K OJIMEHAaM, 1 0COOCHHO K HUCTATH-
Hy. UyBCTBUTENBHBIC K IOJIMCHAM U30JISAThI BCTPEYAINCh
B 1,55 pa3za yame (p > 0,05), uem k umuaazonam, u 1,70
(p < 0,05) — x Tpuazonam. DPdexTbl UMUIA30JIOB HE
OTJIMYAITUCH 110 JAHHOW XapaKTePHCTHUKE OT TPHUA30JIOB.
Yucio U30J15TOB, YyBCTBUTEIBHBIX K HTPAKOHA30ITY, Obl-
710 B 3,99 paza Beiie (p < 0,05), yeM k GaykoHa30y.

MoHokynbTypHble mtammbl C.non-albicans cra-
THUCTHYECKH 3HAYMMO HE OTJIMYAIUCh OT KOMIIOHEHTOB
TeTEePOTEHHBIX ACCOLMALIMI MO KCIIPECCHH PE3UCTEHT-
HOCTH K aHTUMHUKOTHKaM. OJIHAKO CpeH MOCIICIHUX B
2,22 pa3a yaie BCTpeYauCh IITaMMbl, YyBCTBUTEIb-
HBIE K UTpakoHa3zomy, u 1,67 paza — k amdoTepuuu-
Hy B, a Taxoke B 1,80 paza pexe — 4yBCTBUTENBHBIE K
¢myxonazony (Bo Bcex ciayuasix p > 0,05).

Mounokynsrypuble mrammbel C. non-albicans B
OCHOBHOM COXPAHSUIM TCHICHIMH, XapaKTepPHBIC UIs
C. albicans. Onnako wtammsl C. non-albicans oxa3a-
nmck B 2,19 pasa peske 4yBCTBUTEIBHBI K aM(pOTEPULH-
Hy B (p < 0,05). s nonynsiuuu C. non-albicans, xoM-
MOHEHTOB TETEPOTCHHBIX aCCOLUALINIA, TI0 CPABHEHUIO C
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cymMMma no
2 npenapartam
sum for 2

drugs
93,8
90,6
66,7
65,0
70,8

amdore-
puyumH B
ampho-
tericin B
87,5
81,3
50,0
40,0
66,7

MonwueHnsl | Polyenes

HUCTaTUH
nystatin
100,0
100,0
83,3
90,0
75,0

cyMmma no 2
sum

for 2 drugs
31,1
31,3
16,7
30,0
41,7

cnykoHason | npenapartam

fluconazole

25,0
25,0
16,7
30,0
16,7

Tpuasonsl | Triazoles

nTpako-
Hason

itraconazole
37,5
37,5
16,7
30,0
66,7

cymMMa no

2 npenaparam
sum

for 2 drugs

68,8
62,5
25,0
55,0
45,8

KETOKOHAa30/

ketoco-

nazole
50,0
62,5
33,3
50,0
417

Mmunpasonsl | Imidazoles

KnoTpu-
mason
clotrimazole
87,5
62,5
16,7
60,0
50,0

KonnyectBo
M30MSTOB
Number of
isolates
16
10
12

dopma
Form
MoHOoKynbTYpbl
Monocultures
[omoreHHble accounauum

Homogeneous communities
[eTeporeHHble accoumaumm
Heterogeneous communities

MoHoKynbTypbl

Monocultures
[eTeporeHHble accounaumm
Heterogeneous communities

Buabl rpubos
Fungi species

Ta6bnuua 2. [lons Y4yBCTBUTENbHBIX K aHTUMUKOTUYECKUM MpenapartaM LTaMMOB B Pas3nuyHbIX rpynnax usonsaTtos rpubos poga Candida, %

Table 2. The percentage of sensitive to antimycotic drugs strains in different groups of Candida spp. isolates, %

C. non-albicans

C. albicans

ORIGINAL RESEARCHES

C. albicans ananorn4Hoii (OpMbl NEPCUCTECHIINH, OBLIO
XapaKTepHO MOYTH TPEXKPATHOE MOBBILICHHE JKCIIPEC-
CHUM YYBCTBUTEIILHOCTH K KioTpuMazony (p < 0,05) u
YeThIpEXKpaTHOE — K UTpaxoHaszony (p < 0,05).

O6cyxpeHue

Takum 00pa3zoM, B XOze HCCIENOBaHHS KOJJICK-
uuu u305ATOB rpuboB pona Candida, BeIOENCHHBIX
u3 pororioTkd BUY-mHQUIMPOBaHHBIX MALMEHTOB C
KIMHUYECKHUMHU TPOSBICHUSIMH OpO(dapUHIeaIbHOTO
KaHAWJ03a, Mbl YCTaHOBMJIHM, YTO UyBCTBUTEIHLHOCTH
C. albicans K aHTUMHKOTUYECKHM IIpenapaTaM 3aBH-
CUT OT apXUTEKTyphl MHUKpOOHOro coobmecTBa. Tak,
cpead TpuOOB JAHHOTO BHJA 3aMETHO BBIACIISUIUCH
KOMITOHEHTHI T€TEPOreHHbIX accounanui. Mx ornuya-
Jla HU3Kasl YyBCTBUTENLHOCTh K UMHIA30J1aM, UTPAKO-
Ho3oiy U amorepununy B. B To xe Bpems B rpym-
e MOHOKYJIBTYPHBIX H30JIATOB JIONS PE3UCTEHTHBIX K
HMMHI30JTy IITaMMOB OblJIa COOCTABUMa C TAKOBOH K
MOJIeHaM, a KOMIIOHEHTBHI TOMOTEHHBIX acCOLHUanui
MPaKTUYECKU HE OTIINYAINCh OT MOHOKYJIBTYPHBIX.

HccnenoBanue, BeimonHenHoe Ha rpymme C. non-
albicans, B3aTOW ISl CPABHEHUS, MOJATBEPAUIO 3aBU-
CUMOCTb YyBCTBUTEIBHOCTH K aHTUMUKPOTHYECKUM
mpemnaparaM OT CTPYKTYPbl MHKPOOHOTO COOOIIECTBA.
Opnnako conocraenenue nonyisuuid C. albicans wu
C. non-albicans Mo HaHHOW XapaKTEpUCTUKE BBISBU-
JI0 UX OIpEAENEHHbIE pasnuuusd. B yacTHOCTH, MOHO-
KyAbsTypHble n305sThl C. non-albicans 3amMeTHO yaie
9KCIIPECCUPOBAIN PE3UCTEHTHOCTh K aMQOTepHLIH-
Hy B, a KOMIIOHEHTBI I'€TEpOre€HHbIX aCCOLUALUN —
YyBCTBHUTENBHOCTh K KJIOTPUMA30jy M HTPAKOHA30IY.
Hannble (akThl yKa3blBaIOT Ha 3HAYUMOCTH apXHUTEK-
TYpBl MUKpOOHOTO coobmectBa rpuboB pona Candida
B HMX MEXBHIOBOH aundpdepeHunanuu. Mexay Ttem,
oOmMm Juis Bcex popM MUKPOOHOTO cOOOIIECTBa Kak
C. albicans, Tak u C. non-albicans, Oblia BEICOKas J0-
JIs IITAaMMOB, PE3UCTEHTHBIX K (iykoHa3omy. B nenom
nonynsinust C. albicans xapakTepu3oBasiach 00Jee BbI-
COKOWl TeTEpPOTeHHOCTHIO B OTHOLICHUU YYBCTBHTEJIb-
HOCTHU K aHTUMHUKOTUKaAM, 4eM C. non-albicans. Otme-
YEeHHBIN (PaKkT MOXKET OBITH CIIEICTBIEM 00JIee BHICOKON
apantuBHoctu Buaa C. albicans x ¢dakTopam cpenbl
0o0UTaHMsI 110 CPABHEHUIO C MOCIICIHUMU [26].

OOHapykeHHbIe (DaKThl MOATBEPKAAIOT OTMe-
YEHHYI0 paHee 3HAYMMOCTb CTPYKTYpbl MHUKPOOHBIX
coo0I1IecTB BHYTPEHHUX OMOTOINOB TEla YellOBEKa B
MaToreHe3¢e MaroIornuecKkux mpoueccos [16, 17]. Dto
MoAYEPKUBACT BaKHOCTh U3YyUYCHUSI apXUTEKTYPbl MU-
KpOOHBIX cO00IIECTB. JleTanbHbIi aHATU3 MOTYyYSHHO-
ro Marepuaia MoKa3al, YTO apXUTEeKTypa cooOuiecTBa
rpuboB poaa Candida — He ciyuaiiHoe coObiTHE, a
3aKOHOMEPHOCTB, C KOTOPOIi IPOSIBIISIOTCS OHOIOTHYe-
CKHE CBOWCTBA MHKPOOa.

CoBepIlIeHHO 0YEBHIHO, YTO CTPYKTYpa MHKPOO-
HOTO CO00IIeCTBa MOXKET JIMIIb YACTUYHO OOBSICHUTH
pa3nu4us MUKPOOOB 1O UyBCTBUTEIBHOCTH K aHTUMH-
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KOTHYECKUM CpeAcTBaM. BromHe BeposTHO, YTO Ha-
oronaembie 3 GEKTH MOTYT OBITH HATIPSIMYIO CBSI3aHBI
¢ xapakTepHoii ciocodHocteto Candida spp. oOpazo-
BbIBaTh Ouoruiénku [11, 13, 14]. anHbIi Bonpoc Mo-
XKeT OBITh pelI€H B X0/ HaNpPaBICHHBIX KCIEPUMEH-
TaJbHBIX HccieaoBanuii. Kpome Toro, mpencrapmnsercs
1es1eco00pa3HbIM ONPENeTUTh POJIb CAMOTO MaKpOOp-
ranuzma BUY-nHOUIMpOBaHHBIX ManMeHTOB B (op-
MHUPOBAaHUH aPXUTEKTYPbI pacCMaTpUBAEMOTo coo01Ie-
CTBa, @ TAK)KE BKJIA]] MEXXMUKPOOHBIX B3aUMOJICHCTBUIA
B pPacnpoCTpPaHEHUE JIEKAPCTBEHHOW YCTOWYMBOCTHU
cpenu rpudos Candida spp.

[ToMuMO YHMCTO HaydYHOTO WHTEpEca, MPOBEAEHHOE
HCCIIEIOBaHUE MMEET BaAXKHOE MPAKTUUECKOE 3HAYCHHE,
ocobeHHo 15 knuHukd BUY-uHpUIMpOBaHHBIX Maly-
€HTOB, OCJIOKHEHHOM OopodapuHreaIbHBIM KaHJHJ030M.
B uactHOCTH, MBI MOATBEPIUIIH, BBICOKYIO d(deKTrB-
HOCTb TOJIUCHOB, B TOM YHCIIC HUCTAaTHHA, B JICUCHUU
KaHIU103HOW MH(pEKINH y 3TuX O00JbHBIX. B TO e Bpe-
M, TIO HAIllMM JIaHHBIM, K (mrokoHa3omy Hanbonee va-
CTO HaOMIOaIack pe3UCTEHTHOCTD, HA YTO HEOJHOKpAT-
HO yKa3bIBasioch paHee [15, 22, 24]. Kpome Toro, npu
nogdope APQPEKTUBHON AHTHMUKOTHYECKON Tepariu
JUTSL TAKUX TTIALMEHTOB HEOOXOMMO YUUTHIBATh CTPYKTY-
py coobiectBa Candida spp. B pOTOIIOTKE, 0COOCHHO B
clly4ae oOHapy>KeHHUS TeTEPOreHHBIX aCCOLUALNH.

BbiBOADI

1. Apxurekrypa coobmecTBa TrpuOOB poaa
Candida, BpineneHHbIx u3 pororiotkn BUY-undunu-
POBAHHBIX MAIMEHTOB C KIMHUYSCKHUMH TPOSBICHUS-
MU 0podaprHIeabHOTO KaHI1/1034, BIUSICT Ha UX 4yB-
CTBUTEJBHOCTh K AaHTUMUKOTHYECKUM IperapaTam.

2. Ilpu mopbope >PPeKTUBHONH AHTUMUKOTHYE-
CKOIi Teparuu Jyisi TAKUX MAIMEHTOB HEOOXOIUMO yUH-
THIBaTh CTPYKTYpy cooOmectBa Candida spp. B poTo-
IJIOTKE.
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Abstract

Introduction. The study focuses on methods providing mathematical substantiation of discrepancies between
actual incidence rates of Astrakhan rickettsial fever (ARF) and Crimean-Congo hemorrhagic fever (CCHF) and
predicted rates due to the indirect impact of weather conditions during the current epidemic season.

The purpose of the study was to develop explanatory models for ARF and CCHF incidence using satellite
monitoring (remote sensing) data and to present the results of their practical evaluation in the Stavropol Territory
and Astrakhan Region.

Materials and methods. The materials included climate data provided by the Space Research Institute of the
Russian Academy of Sciences as well as epidemiological data on CCHF and ARF incidence from 2005 to 2021.
The explanatory models incorporated the Bayes theorem and Wald sequential analysis. All the calculations were
completed using the Microsoft Excel 2010-based program developed by the authors.

Results. It has been found that the greatest indirect effect on development of the CCHF epidemiological situation
is produced by the normalized difference vegetation index and relative air humidity in June-July in the Stavropol
Territory and by the maximum, minimum and average air temperature in October as well as the minimum air
temperature in July in the Astrakhan Region. ARF incidence rates depend on the indirect effect of the annual
average and average annual maximum temperature, maximum temperature and the normalized difference
vegetation index in April-July. The match between explanatory model-based results and prediction model-based
results ranged within 46.2-100%.

Discussion. In addition to projecting incidence rates, which could be reached with the observed values of climatic
factors in the current year, the explanatory models can be used for indirect verification of prediction models and
for identification of factors causing differences in results.

Conclusion. The practical evaluation of explanatory models confirms the prospects and benefits of the study that
should be continued, involving other regions highly endemic for tick-borne infections.

Keywords: Astrakhan rickettsial fever, Crimean-Congo hemorrhagic fever, explanatory models, incidence,
remote sensing
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«06BACHAOWME» mogenn 3aboneBaeMoCT KeweBbiMN
nHbeKuynamn (Ha npumepe ACTpaxaHCKON PUKKETCUMO3HOMN
n Kpbimckoin-KoHro remopparnyeckom nnxopaaok)
Ay6aHckun B.M."2, Mpucneruna A.A." %, NMnatoHoB A.E.2

'CTaBpOnoNbCKNIA HayYHO-UCCNeA0BaTENbCKMIA NPOTUBOYYMHbIN MHCTUTYT PocnoTpebHaasopa, CtaBpononb, Poccus;
2LleHTpanbHbI HayYHO-UCCNEfOBATENbCKUI UHCTUTYT anuaemuonorun PocnotpebHaasopa, Mockea, Poccusa

AHHOMayus

BBepeHue. PaboTa nocesileHa pa3paboTke MeToaMK Ansi MaTemaTMdeckoro 060CHOBaHMS NPUYNH HECOOTBET-
CTBUI (haKkTU4eckMx nokasarenen 3abonesaemocty AcTpaxaHckow pukkeTcnosdHon (APIT) n Kpbimckon-KoHro re-
mMopparudeckon nuxopaakamu (KKIM) pesynstataMm anMaemMmonormyeckoro NnporHo3a, o0ycrnoBreHHbIX onocpe-
[OBaHHbIM BMUSHMEM NMOFOAHbIX YCIOBUIA TEKYLLErO SNMAEMUYECKOro Ce30Ha.

Llenb nccnegoBaHnsa — pa3paboTaTb C MCNOMb30BaHWEM AaHHbIX CMYTHUKOBOIO MOHUTOPUHTA (AMCTaHLMOHHOIO
30HOUpOBaHMa 3eMnu u3 kKocmoca) «obbscHsWme» mogenu 3abonesaemoctu APJ1 n KKIT1 n npeactaButs pe-
3ynerathl ux anpobauum Ha npumepe CTaBpononbCcKoro kpasi u AcTpaxaHckow obnacTu.

MaTtepuanbi n meToabl. MaTepranamu NoCnyXunm KnuMmaTuyeckmne gaHHble, nonyyYeHHble U3 VIHCTUTyTa KocMu-
yecknx nccneposanuii PAH, a Takke anngemunonornyeckne ceegenuns no 3abonesaemoctu KK n APJT ¢ 2005
no 2021 r. «O6bsACHAOWME» Mogenu Obinu paspaboTaHbl HA ocHoBe TeopeMbl Balieca n nocnegoBaTenbHOIO
CTaTUCTMYECKOro aHanmsa Banbaa. Bce pacyéTbl Obinn BbINOSIHEHBI B CO34aHHOM aBTOpamMun nporpaMmmMe Ha oc-
HoBe «Microsoft Excel 2010».

Pe3ynbraTbl. YCTaHOBMNEHO, YTO Hanbornbluee onocpesoBaHHOE BIUSHWE HA Pa3BUTME 3NUAEMUONONMYECKON
cutyaummn no KKIJT B CTaBpoOnonbCKOM Kpae OKasbiBatoT HOPMarM30BaHHbLIN OTHOCUTENbHbIA BEreTauMoHHbIN
WHOEKC N OTHOCUTENbHAsA BNAXXHOCTb BO34yxa B MOHe—uione, B ACTpaxaHCkom obrnactu nokasaTtenu Makcumarb-
HOW, MMHUManbHOWN U cpeaHel TeMnepaTtypbl BO3yxa B OKTAOpe, a Takke MUHUMAanbHOWM TeMnepaTypbl Bo3ayxa
B vtone. YpoBeHb 3aboneBaemocTv APJ1 3aBUCUT OT ONOCPEeLOBaHHOMO AENCTBUSA CPEAHEr040BOM U MaKCUMarb-
HOW CpefHEeroqoBoOM TemnepaTypbl BO3gyxa, MakCuManbHON TeMnepaTypbl BO34yXa U HOPManmM3oBaHHOIO OTHO-
CUTENbHOro BereTaLMoHHOro uHaekca B anpene—utone. CoBnageHne pesynbratoB «0ObSCHAOLWUXY Moaenen
C aHanormyHbIMM AaHHBIMU PAcYETOB «MPOTrHO3HbLIX» Mogernen coctaBuo 46,2—100%.

O6cyxaeHue. MNpeanaraemble «0ObACHALLME» MOAENW Hapady C onpedeneHneM ypoBHsS 3abonesaemocTw,
KOTOpbIA MOr 6bl 6bITb 4OCTUrHYT NpY HABNOAAEMBIX 3HAYEHMSX KIUMATUYECKMX (haKTOPOB HbIHELLHEro roaa,
NO3BOSIAOT MNPOBOANTE KOCBEHHYIO MPOBEPKY «MNPOrHO3HbLIX» MOAENEN C BbIABIIEHWEM NPUYNH HECOOTBETCTBUS
pesynbLTaTos.

3akntouveHune. Anpobaumns «0b6bSACHSALWMX» MOAENEN CBUAETENLCTBYET O NEPCMNEKTUBHOCTM U LienecoobpasHo-
CTW NPOAOIMKEHNST UCCINEA0BAHUA Ha NpUMepe APYrMX, BbICOKOSHAEMUYHbIX MO KMeLleBbIM MHGEKUMAM Cybbek-
TOB.

KnioueBble cnoBa: AcmpaxaHckasi pukkemcuo3Hasi niuxopaoka, Kpbivckasi-KoH20 eemoppazudeckasi nuxopaod-
Ka, obbsicHaowue modenu, 3abonesaemMocms, ducmaHUUOHHOE 30HOUposaHuUe 3emiu

HUcmoyHuk ¢huHaHcupoeaHusi. ViccneaoBaHne BbINOMHEHO Npy OUHAHCOBOW noaaepkke POCCUCKOrO Hay4yHOro
doHaa (npoekt Ne 19-75-20088 «CosgaHue onvparoLleincst Ha AaHHble AMCTaHLMOHHOIO 30HAMPOBaHUs 3emnu me-
TOAOMOMMM aHanm3a 1 NPOrHO3NPOBAHMS BIUSIHUST KIIMMAaTUYECKUX U 3KONOrMyecknx akTopoB Ha 3aboneBaemMocTb
NPUPOAHO-04aroBbIMN MHAPEKLMAMMY ), ucnonHutenn — MnatoHoB A.E., Aly6sHckuin B.M., MNpucnernya O.A.

KoHdprnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBLIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6nMKaumen HacTosILLEN CTaTby.

Ansa yumupoeaHus: Oy6axckuin B.M., Mpucnernna A.A., MnatoHoB A.E. «O6bscHsoWwmMe» Mogenu 3abonesaemoctu
KneLeBbIMU MHEKUMAMM (Ha Npumepe ACTpaxaHCKOW PUKKETCHO3HOW 1 KpbIMcKO-KoHro remopparuyeckon nuxopa-
0ok). XKypHan mukpobuosnoauu, anudemuosnioauu u ummyHobuonoauu. 2023;100(1):34—45.
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Introduction

Forecasting of dynamics and incidence rates of
tick-borne transmissible infections (TBTI) is an import-
ant component of the epidemiological surveillance over
these dangerous natural-focal diseases endemic in Rus-
sia. Multiple studies address epidemiological forecasts
for such TBTI diseases as tick-borne viral encephalitis,
Astrakhan rickettsial fever (ARF), tick-borne borreliosis
and Crimean-Congo hemorrhagic fever (CCHF) [1-10].

Prediction data for an epidemiological situation
play a significant role in planning of preventive (includ-
ing acaricide treatment) measures; the prediction accura-
cy is essential not only for justification of their scientific
and economic viability, but also for application of a dif-
ferentiated approach in planning. Therefore, when signif-
icant differences are observed between the predicted and
reported intensity levels of the epidemic process, the fac-
tors causing them should be explored thoroughly. Such
differences can be caused not only by shortcomings of
the existing methods that need to be upgraded, but also by
external indirect effects produced by weather conditions
in the current year on the activity of arthropods trans-
mitting TBTI, which cannot be predicted when preparing
short-range (for the coming year), let alone medium and
long-range forecasts. It is known that an epidemic season
can start early or late, depending on the spring daytime
and nighttime temperature that must be +9°C and at least
+2°C, respectively, so that dormant species Hyalomma
marginatum (the main transmitters of the CCHF patho-
gen) become active and start feeding on farm animals,
while their parasitizing activity reaches peak levels at the
monthly average temperature of +16.9°C [11-13].

The significant indirect effect produced by climat-
ic factors on the CCHF dynamics and incidence rates
during the year is confirmed by multiple studies in oth-
er countries. For example, in Southeastern Iran, scien-
tists, using logistic regression, found a significant rela-
tionship between the number of CCHF cases and the
monthly average temperature (the direct relationship
with a two-month lag and the inverse relationship with
a five-month lag), monthly maximum relative humid-
ity and accumulated precipitation with a two-month
lag and a five-month lag, respectively [14]. The study
based on the Poisson regression analysis and the Mc-
Fadden pseudo R-squared demonstrated that in East-
ern Iran the number of cases highly correlated with
maximum temperature (during the previous month)
and relative air humidity (during the previous month
and half a year) levels [15]. In addition, using logistic
regression, Iranian scientists have found that when the
maximum temperature during 3 previous months in-
creases by 1°C and relative humidity during 2 previous
months increases by 1%, the risk of disease case occur-
rence increases by 9% and 4%, respectively [16].

The one-way analysis of variance (ANOVA),
which was performed in Bulgaria, demonstrates that
the one-unit increase in the average air temperature and

ORIGINAL RESEARCHES

the normalized difference vegetation index (NDVI) re-
sults in a 5.5% increase in the intensity of the CCHF
epidemic process [17]. In the meantime, no extensive
studies addressing the development of methods that
would identify and explain, using mathematical statis-
tics, cause-and-effect relationships between prediction
results for CCHF and ARF incidence, actual data and
the impact of climatic factors in the current year have
been conducted so far.

The purpose of the study was to develop explan-
atory models for ARF and CCHF incidence and to pre-
sent the results of their practical evaluation in the Stav-
ropol Territory and Astrakhan Region.

Materials and methods

This comprehensive study is a continuation of the
previous study involving the development of prediction
models. ARF and CCHF have been selected as target
diseases representing the most common TBTIs in the
south of Russia. The Stavropol Territory and Astrakhan
Region were selected due to high intensity of epidemic
processes in terms of these infections.

The study was conducted using epidemiological
and statistical research methods. The retrospective ep-
idemiological analysis was conducted using the data
from databases' for ARF and CCHF incidence, which
were developed within the RSF project (No. 19-75-
20088). The relative rates of CCHF and ARF incidence
(per 100,000 population) for each administrative dis-
trict in the selected regions were estimated using data
from the Federal Statistics Service? for each year of the
studied period. Hydro-meteorological data® (indepen-
dent variables) were represented by numeric values of
13 climatic factors, which were obtained using remote
sensing satellites (for each month of the studied period
and annual average):

* air temperature — average, maximum and

minimum (°C);

* soil temperature at depths of 10 and 40 cm (°C);

* soil moisture content at depths of 10 and 40 cm

(%0);

* snow depth (m);

* area covered by snow (%);

* pressure (Pa);

* relative air humidity (%);

* precipitation (kg/m?);

* NDVI (relative units).

Thus, a total of 169 parameters were used as initial
data that were further screened and downsized to the
most important (informative) parameters.

The explanatory models were developed using
nonparametric statistics — Bayes theorem and Wald

! Information from the cards of the epidemiological examination of
the focus of an infectious disease (form No. 357/y).

2 URL: https://rosstat.gov.ru; https://stavstat.gks.ru

* VEGA-Science TsKP "IKI-monitoring". URL: http://sci-vega.ru/


https://rosstat.gov.ru/folder/12781
https://stavstat.gks.ru/folder/28386
http://sci-vega.ru/
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analysis; the informativeness coefficients for factors
were calculated using the Kullback method [18-20].
A factor was seen as informative and was used for
further calculations, if its informativeness value
was > 0.5.

Informativeness and prediction coefficients were
calculated automatically using the Microsoft Ex-
cel 2010-based program developed by the authors
during their previous studies (for prediction models)
[10, 21, 22].

Mathematical calculations for explanatory mo-
dels were performed similarly to the calculations for
prediction models; the variables of climatic factors for
the previous years were replaced with numeric values
for the current epidemic season [21]. The step-by-step
algorithm for calculating explanatory models is shown
in Figure.

Calculation of informativeness coefficients and prediction
coefficients of factors in the program

AY4

Compilation of an optimized list of factors (with values
of the informativeness coefficient = 0.5 in descending order)

AY4

Estimation of the occurrence (absence) of at least
one disease case per 100,000 population

AY4

Estimation of incidence per 100,000 population relative
to the threshold level of the median

<

Estimation of incidence per 100,000 population relative
to the threshold level of the average

<

Estimation of incidence per 100,000 population relative
to the threshold level of the third quartile

TN N YN YN Y
N N N N

Algorithm for calculating explanatory models.

The threshold level of the probability of positive
solution for explanatory models for CCHF incidence
dynamics for the Stavropol Territory and Astrakhan
Region was set at 99.0% (the error probability was
1.0%). At this stage of the study, the threshold for ARF
was 90% (at the error probability of 10%), which can
be explained by a low proportion of informative pa-
rameters from the list. In future, when new additional
variables (such as accumulated values of climatic da-
ta) are used, the percentage of error probability can be
reduced.

The calculations were made by summing up the
values of prediction coefficients of the informative fac-
tors in accordance with their values for each admini-
strative district until the numeric value of +20 or —20

was received for CCHF models and +9 or -9 for ARF
models to indicate the occurrence/absence of at least 1
disease case per 100,000 population with a probability
0f 99% and 90%, respectively. Then, when the districts
with positive results were identified, the prediction for
them was made against other selected threshold levels
of incidence.

The median, average and third quartile values for
models for CCHF incidence dynamics for the Stavropol
Territory were 0.9, 3.5 and 4.7; 0.5, 1 and 2 for the As-
trakhan Region; and for the model for ARF incidence
dynamics in the Astrakhan Region — 25, 39.5 and 62.4,
respectively.

The calculations for explanatory models for CCHF
incidence dynamics for the Stavropol Territory were
based on retrospective data for 2005-2019, for CCHF
and ARF in the Astrakhan Region - for 2013-2019.

The pilot testing of the performance of the models
was conducted using retrospective data for 2018-2020;
the evaluation was performed using data for 2021.

Results and discussion

The explanatory models were developed, address-
ing the following tasks:

1) assessment of the indirect relationship between
the weather conditions during the current epidemic sea-
son and the intensity of the CCHF and ARF epidemic
process, using informativeness coefficients;

2) estimation of the incidence rate that could
be reached at the observed values of climatic factors
during the current year (exclusive of the impact of the
hydro-meteorological data of the previous year) and its
subsequent comparison with the actual rates;

3) indirect verification of prediction models for
CCHF and ARF incidence to identify the factors caus-
ing erroneous results or, on the opposite, to confirm the
accuracy of the performance of the above models.

During the assessment stage it was found that
the climatic factors that were critical for development
of explanatory models for different regions differed
significantly. Based on the calculated coefficients of
informativeness, the most informative factors for the
Stavropol Territory were NDVI and relative air hu-
midity in June—July, demonstrating complete consis-
tency with the published data [23-27]. For the CCHF
model in the Astrakhan Region, the highest values
of informativeness coefficients were received for the
maximum, minimum and average air temperature in
October as well as for the minimum air temperature in
July, thus also showing no discrepancy with the pub-
lished data on the impact of weather conditions on tick
activity [25-28]. Meanwhile, such differences are ex-
pected and can be explained by significant differences
in landscape, climatic, hydrological and other con-
ditions in the Stavropol Territory and Astrakhan Re-
gion, which have a significant effect on the epizooto-
logical and epidemiological CCHF situation [29-31].
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The most informative parameters for the explanatory
model for ARF incidence dynamics in the Astrakhan
Region were the annual average and average annual
maximum temperature, maximum air temperature and
NDVI in April-July, which is also consistent with the
published data [25, 28].

The accuracy of explanatory models was verified
by comparison of the calculated data with the reported
incidence rates for each administrative district.

As with prediction models, the model-based erro-
neous predictions were divided into 4 categories [21]:

» false-positive — the result of the explanatory
model for the first stage is positive; however, no
disease cases have been reported;

» false-negative — the result for the first stage
is negative; however, disease cases (at least 1)
have been reported;

ORIGINAL RESEARCHES

» overestimated — the actual incidence rate is
lower than the estimated rate at the set threshold
level;

* underestimated — the actual incidence rate is
higher than the estimated rate at the set threshold
level.

The results of testing and evaluation of explanato-

ry models are presented in Tables 1-3.

Thus, the accuracy of the obtained results com-
pared to the actual data for explanatory models for
CCHF incidence dynamics in the Stavropol Territo-
ry ranged from 30.8% (8 districts) in 2020 to 61.5%
(16 districts) in 2021; in the Astrakhan Region — from
16.7% (2 districts) in 2020 to 100% (12 districts) in
2021. The verification of ARF models showed that the
accuracy of results ranged from 25% in 2020 (3 dis-
tricts) to 75% (9 districts) in 2018. However, if like with

Table 1. Testing results for the explanatory model for CCHF incidence dynamics for 2018-2020 (retrospectively)

and evaluation results in 2021 (the Stavropol Territory)

Years
Result 2018 2019 2020 2021
number of districts | % | number of districts| % | number of districts| % | number of districts | %
Correct 10 38.5 13 50.0 8 30.8 16 61.5
False positive 8 30.8 7 26.9 13 50.0 5 19.2
False negative - - 2 7.7 1 3.8 2 7.7
Overestimated 8 30.8 4 15.4 4 15.4 3 11.5

Table 2. Testing results for the explanatory model for CCHF incidence dynamics for 2018-2020 (retrospectively)
and evaluation results in 2021 (the Astrakhan Region)

Years
Result 2018 2019 2020 2021
number of districts| % | number of districts| % | number of districts| % | number of districts | %
Correct 5 417 7 58.3 2 16.7 12 100.0
False positive 5 41.7 4 33.3 10 83.3 - -
False negative - - - - - - - -
Overestimated 2 16.7 1 8.3 - - - -

Table 3. Testing results for the explanatory model for ARF incidence dynamics for 2018—2020 (retrospectively)
and evaluation results in 2021 (the Astrakhan Region)

Years
Result 2018 2019 2020 2021
number of districts| % | number of districts| % | number of districts| % | number of districts | %
Correct 9 75.0 8 66.7 3 25.0 6 50.0
False positive - - - - 4 33.3 - -
False negative 1 8.3 1 8.3 - - - -
Overestimated 2 16.7 3 25.0 5 41.7 6 50.0
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the earlier developed prediction models (and considering
the below-given explanations about a significant effect
produced by factors of the previous year on the forma-
tion of tick populations during the current epidemic sea-
son), the focus of error assessment is shifted to false-neg-
ative results that are seen as truly erroneous, the average
accuracy of CCHF models in the studied period for the
Stavropol Territory and Astrakhan Region will be 95.2%
and 100%, respectively, and 95.9% for the ARF model.

The obtained results demonstrate satisfactory per-
formance of the developed models and confirm that the
right method has been selected for achievement of the
study objectives.

Special attention should be given to the possibi-
lity to compare the results of explanatory models with
those obtained by using the prediction models and the
actual data; this comparison provides answers to sever-
al important questions. Firstly, climatic factors, which
most likely were the reason for the prediction failure,
can be identified in each case of the wrongly predicted
and the correct explanatory result. For example, when
the weather conditions were favorable for formation of
high numbers of tick populations during the previous
year, the climatic factors, which were unfavorable for
the activity of transmitters during the spring-summer
period of the current year (the low temperature in May,

Table 4. Comparison of results obtained by using prediction and explanatory models for CCHF incidence dynamics

for the Stavropol Territory (for 2021)

Administrative district Prs:siﬁtliton Ig;%rggﬁfignn é?tee;z[::]ztti%?] Explanation result Ac;l;’;ll1|88|’.g%r(1)ce
population)
Alexandrovsky < 0,000009 Correct < 0,000009 Correct 0
Andropovsky < 0.000009 Correct < 0.000009 Correct 0
Apanasenkovsky >4.7 Correct >4.7 Correct 101
Arzgirsky >4.7 Correct >4.7 Correct 8.3
Blagodarnensky >4.7 Correct >4.7 Correct 5.2
Budennovsky >47 False positive >47 False positive 0
Georgievsky >0.9 False positive < 0.000009 Correct 0
Grachevsky <0.000009 False negative < 0.000009 False negative 2.7
Izobilnensky >4.7 False positive < 0.000009 Correct 0
Ipatovsky >4.7 Correct >4.7 Correct 5.4
Kirovsky <0.000009 Correct < 0.000009 Correct 0
Kochubeevsky <0.000009 Correct < 0.000009 Correct 0
Krasnogvardeisky >4.7 Correct >4.7 Correct 5.4
Kursky >4.7 False positive >4.7 False positive 0
Levokumsky >4.7 False positive >4.7 False positive 0
Mineralovodsky < 0.000009 Correct < 0.000009 Correct 0
Neftekumsky >4.7 Overestimated >4.7 Overestimated 1.6
Novoaleksandrovsky >47 False positive < 0.000009 Correct 0
Novoselytsky >4.7 False positive < 0.000009 Correct 0
Petrovsky >47 Overestimated >4.7 Overestimated 1.4
Predgornyy <0.000009 Correct < 0.000009 Correct 0
Soviet >4.7 False positive < 0.000009 Correct 0
Stepnovsky >47 False positive >47 False positive 0
Trunovsky >47 Overestimated >47 Overestimated 3.4
Turkmensky >47 False positive >47 False positive 0
Shpakovsky < 0.000009 False negative < 0.000009 False negative 1.3
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continuous rainy days in June-July), contributed indi-
rectly to lower incidence rates among the population,
which matched the reported rates. On the contrary, the
air temperature that was higher compared to the mean
temperature in April-May could bring along the earli-
er beginning of the epidemic season; its length can be
also increased due to warm, calm weather in Septem-
ber. Considering such unpredictable weather changes,
our prediction models incorporate a calculated error
probability of 1% and 10%, respectively. Secondly, the
above comparison can be used for indirect verification
of the performance of prediction models. For example,
false-positive or overestimated results obtained concur-
rently in both models can be seen as a proof of accuracy
of the prediction model and can imply that not all cases
have been detected due to under-diagnosis of mild cas-
es or due to other external factors that are not directly
related to the TBTI epidemic process, as we are going
to discuss further in the article. Thirdly, the concurrent
false-negative results can suggest the existence of an
imported case (when a patient got infected (was bitten
by a tick) during their stay in another administrative
district or outside the region) or can suggest the exis-
tence of factors, which cannot be taken into consider-
ation (for example, a person can get infected through
the close contact with tick-infested cattle driven from
another district highly endemic for CCHF).

The retrospective data for 2018-2020 show that
the match between the results of explanatory models
for CCHF incidence dynamics and the similar estima-
ted data for prediction models for the Stavropol Territo-
ry ranged from 46.2% in 2018 (12 districts) to 100% in
2019-2020 (26 districts), and for the Astrakhan region,

ORIGINAL RESEARCHES

it ranged from zero due to the absence of results in 2020
to 100% in 2019 (12 districts). For the ARF models, the
proportion of matching results ranged from 66.7% in
2020 (8 districts) to 83.3% (10 districts) in 2019.

The comparison results for 2021 are presented in
Tables 4—6.

The above tables also demonstrate that the of-
fered models provide clear explanation of differences
between the actual and predicted rates due to the ef-
fects of factors during the current year. For example,
for 5 administrative districts in the Stavropol Territo-
ry (Georgiyevsky, Izobilnensky, Novoalexandrovsky,
Novoselitsky and Sovetsky) having false-positive pre-
dicted results, the explanatory model provided the re-
sults matching the actual data (absence of CCHF cases)
mostly due to the adverse weather conditions during the
spring-summer period. For the models used in the As-
trakhan Region, the similar situation for CCHF was ob-
served in 2 cases — in Astrakhan and the Kharabalin-
sky District; for ARF — for 2 districts having false-pos-
itive predicted results (Akhtubinsky and Chernoyarsky
Districts) and 4 districts with overestimated predicted
results (Volodarsky, Yenotayevsky, Kamyzyaksky and
Privolzhsky Districts). The evaluation results show that
explanatory models can and should be used to achieve
the set objectives.

When analyzing the performance of the models,
it should be remembered that 2 years of testing and
evaluation (2020 and partially 2021) coincided with the
COVID-19 pandemic period. The decrease in the inci-
dence of almost all TBTI forms, which was observed
during that period due to the implementation of restric-
tive measures, the reduced number of specific laborato-

Table 5. Comparison of results obtained by using prediction and explanatory models for CCHF incidence dynamics

for the Astrakhan Region (for 2021)

Administrative district Prfg;ﬁtliton Ig;%rggit;:ic?nn é?f;g[:;zttig; Explanation result Ac{t)l;ll;ggl{(é%gce
population)

Astrakhan >2 False positive < 0,000009 Correct 0
Akhtubinsky < 0.000009 Correct < 0.000009 Correct

Volodarsky >2 False positive <0.000009 Correct 0
Enotaevsky >2 False positive < 0.000009 Correct 0
Ikryaninsky >2 False positive <0.000009 Correct 0
Kamyzyaksky >2 False positive < 0.000009 Correct 0
Krasnoyarsky >2 False positive < 0.000009 Correct 0
Limansky >2 False positive < 0.000009 Correct 0
Narimanovsky >2 False positive < 0.000009 Correct 0
Privolzhskiy >2 False positive < 0.000009 Correct 0
Kharabalinsky >2 False positive <0.000009 Correct 0
Chernoyarsky <0.000009 Correct <0.000009 Correct 0
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Table 6. Comparison of results obtained by using prediction and explanatory models for ARF incidence dynamics

for the Astrakhan Region (for 2021)

Administrative district Prre;jsiztliton Ig;eprggit;:i?nn cl’?t:;glr:rt;ttiic:)?] Explanation result Achel?Hngl’.%%Bce
population)
Astrakhan <624 Overestimated <39.5 Overestimated 3.24
Akhtubinsky >62.4 False positive < 0.000009 Correct 0.00
Volodarsky <39.5 Overestimated <25 Correct 2.18
Enotaevsky >62.4 Overestimated <25 Correct 4.06
Ikryaninsky <624 Overestimated <395 Overestimated 15.24
Kamyzyaksky <395 Overestimated <25 Correct 6.54
Krasnoyarsky >62.4 Overestimated >62.4 Overestimated 32.82
Limansky >62.4 Overestimated <395 Overestimated 6.93
Narimanovsky >62.4 Overestimated <395 Overestimated 17.04
Privolzhskiy <624 Overestimated <395 Correct 25.95
Kharabalinsky >62.4 Overestimated >62.4 Overestimated 46.09
Chernoyarsky <25 False positive < 0.000009 Correct 0.00

ry tests for diagnosis verification, the probability of un-
der-diagnosis of mild CCHF and ARF cases because of
high overload and repurposing of treatment and preven-
tive care facilities, may have affected the accuracy of
results obtained by using explanatory models for 2020.
The external impact on the performance of the models is
also demonstrated by a high percentage of concurrently
obtained false-positive (overestimated) results both for
prediction and explanation for the same districts — for
CCHF in the Stavropol Territory (17 districts) and for
AREF in the Astrakhan Region (7 districts). Therefore,
the accurate assessment of the effectiveness and accu-
racy of the models can be made only after stabilization
of the COVID-19 epidemiological situation.

Conclusion

The authors have made an attempt to solve the
problem addressing the interrelated and divergent ef-
fects produced by the factors of the previous and cur-
rent years on the intensity of TBTI epidemic processes
in the south of Russia and to receive a mathematically
grounded answer to the common question "Why did the
epidemiological forecast fail to come true?". During the

study conducted using data for the Stavropol Territory
and Astrakhan Region, we developed explanatory mo-
dels for incidence dynamics of ARF and CCHF, which
are the most common TBTIs in the Southern and North
Caucasian Federal Districts. The results obtained after
testing and evaluation of the models are quite satisfac-
tory and prove that they can be used independently for
assessment of the impact of weather conditions during
the current epidemic season on the epidemiological sit-
uation for TBTI as well as for verification of the earlier
developed prediction models and identification of the
factors causing differences between the predicted and
the reported incidence rates.

The performance of the models needs further
verification, especially during the stabilization of the
epidemiological situation for COVID-19, and further
improvement to increase accuracy of the obtained re-
sults (the search for additional informative climatic and
other factors such as accumulated temperature, precip-
itation, etc.). The study will be continued, focusing on
development of similar models for other regions in the
south of Russia, which are highly endemic for TBTI
(Rostov and Volgograd Regions).
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U3yueHne KONNEKTUBHOrO UMMYHUTETa K renaTtuTty A
cpepm HaceneHus Pecny6nuku TatapcTaH

MNatawwnHa M.A."?, IO3nubaesa J1.P."2*

'YnpaeneHne OepepanbHoi Cy»0bl N0 HaA30pY B chepe 3aluTbl MPaB NOTPeOUTENEN 1 61arononyuns YenioBeka

no Pecnybnuke TatapcTaH, KasaHb, Poccus;

2KazaHcKas rocygapcTBeHHas MeAULMHCKAsn akagemusa — ununan PoCccMinckon megnLUMHCKOM akageMum HenpepbiIBHOrO
npodeccnoHanbHoro o6pasosaHus, KasaHb, Poccus

AHHOMauusi

BeepeHue. BoisiBneHne Hanbonee BOCMPUMMYMBBIX K 3apaxkeHunio BUPYCHbIM renatutom A (IFA) rpynn HaceneHus
ABMSIETCS KMNOYEBOW COCTaBMSAOLLEN AN PErYNMPOBaHUS NPOTUBO3NUAEMUYECKUX MEPONPUATUIA NPU aKTUBU3A-
LK1 3NnaeMmnYecKoro npoLecca.

Lenb nccnenoBaHms — oLEeHKa KOMNNEKTMBHOIO MMMyHUTETa K A cpean pasnuyHbiX BO3PaCTHbIX rpynmn Hacere-
Hust Pecnybnukm TatapcTaH.

Matepuanbi n metopbl. [NpoBeaeHbl aHanu3 3abonesaemoctn BupycHeiM A ¢ 2006 no 2021 r. u usy4eHue kon-
NeKTUBHOro MMMyHuTeTa K A cpeam 6553 He NpuBKTLIX NPOTUB BUpyca A Ny, B pa3nmyHbiX BO3PaCTHbIX rpynnax.
CeponosnT1BHBLIMK CHUTanNy NaLMEHTOB C 3aLUMTHOWN KOHUEHTpaumel aHTuTen k Bupycy A 20 MME/mn n 6onee.
Pe3ynbratbl. [poBeAEHHbIVM aHanu3 nokasarn HU3KY MHTEHCUBHOCTb 3NUAEMMYECKOro npoLecca B COBOKYMHO-
ctu (3,6 £ 0,3%000), Npy 3TOM 3ab6oneBaemMocTb BUPYCHbIM A cpeaun aeTen u B3pOCHbiX UMENa CyLeCTBEHHbIE
pasnuuns ¢ npesblleHnem nepsou rpynnbl B 2,3 pasa (6,9 £ 0,9 n 3,0 £ 0,3%o00 U COOTBETCTBEHHO). dnuae-
MUYECKUiA MpoLecc onpefenstoT nuua B Bospacte 1517 nert (8,2 £ 2,5%o00), 3—6 neT (7,0 £ 1,9%000), 7—14 net
(6,2 = 1,3%000), YPOBEHb 3a60EBAEMOCTM CPeaU AaHHbIX BO3PaCTHbIX FPynn 3a Bce Habnogaemble rofbl ocTa-
Barncs Hambonee BbICOKMM. B Uenom yaenbHbll BEC CEPOMO3UTUBHLIX AeTel coctasun 32,1 + 1,0%, cpeau
B3pocChbIX BbisBneHbl anti-HAV-IgG ¢ 3awutHom koHueHTpaunen 68,2 + 0,7%. Hanbonee Bbicokasi yactota no-
noxurteneHblx anti-HAV-IgG-o6pasuoB otmedeHa cpeam nuy 50-59 net u coctasuna 89,4 + 1,1%, 40—49 netr —
73,5+ 1,2%, 30-39 net — 65,5 + 1,3%, 20-29 net — 48,2 + 1,6%. B coBokynHocTh 56,9 + 0,6% 06cnenoBaHHbIX
nvL UMenu 3almnTHble aHTuTena K Bupycy A. lNMokasaTteny oTHOCUTENBHOW YacToTbl BbiABNeHus anti-HAV-IgG
CTaTUCTUYECKM AOCTOBEPHO OTNMYANUCh BO BCEX BO3paACTHLIX rpynnax (p < 0,05).

KnrouyeBble cnoBa: 8UpyCHbICI 2ernamum A, KOIneKmueHbit umMmyHuUmem, anudemuyeckull rpouecc, 3awumeHbsie
aHmumersia

Amuyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoanock Npu 4o6poBonbHOM MHEPOPMUPOBAHHOM COrnacumn naum-
eHToB. lNpoTokon uccnegoBaHns ofgobpeH ATnyeckum kommuTeToM KasaHckon rocynapCcTBEHHON MeQULIMHCKON akaae-
MuUn — chmnmanom Poccuinckon MeAMLUHCKOW akageMun HenpepbIBHOrO NpodeCcCcMoHanbLHoro obpasoBaHus (NpoTo-
kon Ne 4 ot 21.04.2022).

HUcmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asiBMSIOT 06 OTCYTCTBMU BHELLHEro (OMHAHCUPOBAHUSI NPU NPOBEAEHUN UC-
cnefoBaHus.

KoHgbniukm uHmepecoe. ABTOpbI AEKapUPYHOT OTCYTCTBME SIBHbIX M NOTEHLMArbHbLIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLEen cTaTbi.

Ana yumupoeanus: MatawnHa M.A., KO3nnbaesa J1.P. M3yueHne KOnmnekTMBHOrO MMMYHWUTETa K BMPYCYy renatu-
Ta A cpean Hacenenus Pecnybnuku TatapctaH. XKypHan mukpobuonozuu, snudemuono2uu u ummyHobuonoauu.
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Abstract

Introduction. Identification of the groups of the population most susceptible to infection with hepatitis A virus
(HAV) is a key component for the regulation of anti-epidemic measures during the activation of the epidemic
process.

The aim — assessment of the herd immunity to hepatitis A (HA) among different age groups of the population of
the Republic of Tatarstan.

Materials and methods. The analysis of the HA incidence of from 2006 to 2021 and the study of herd immunity to
HA among 6,553 persons from different age groups that were not vaccinated against HA were carried out. Partici-
pants with protective concentrations of antibodies to HAV of 20 mMU/ml or more were considered as seropositive.
Results. The analysis showed a low intensity of the epidemic process in general (3.6 + 0.3%o00), While the HA inci-
dence among children and adults was significantly different, with incidence rates 2.3 times higher in the first group
(6.9 £ 0.9 and 3.0 + 0.3%u00, respectively). The epidemic process is determined by persons aged 15-17 years
(8.2 + 2.5%000), 3—6 years (7.0 £ 1.9%o00, 7—14 years (6.2 £ 1.3%o00), the incidence among these age groups in all
observed years remained the highest. In general, the proportion of seropositive children was 32.1 + 1.0%. Among
adults, anti-HAV IgG antibodies in a protective concentration was detected in 68.2 + 0.7%. The highest frequen-
cy of anti-HAV IgG positive samples was observed among persons aged 50-59 years — 89.4 + 1.1%, in age
group 40—49 years — 73.5 + 1.2%, in age group 30-39 years — 65.5 + 1.3%, and in age group 20-29 years —
48.2 + 1.6%. In total, 56.9 + 0.6% of the examined individuals had protective antibodies to HAV. The detection

rates of anti-HAV IgG antibodies were significantly different in all age groups (p < 0.05).

Keywords: viral hepatitis A, collective immunity, epidemic process, protective antibodies
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BeBepeHune

HecmoTps Ha 3aMeTHOE CHHXKEHHUE 3a00JIeBaeMo-
CTH B IOCJIEIHUE TOAbl, BUpYCHBIH rematut A (BI'A)
SBISICTCSL aKTyaJbHOH HMH(MEKIUOHHON MaTONIOTHEH.
CornacHo onienkam BO3, exeronno Bo BcEM Mupe pe-
ructpupyercs 1,4-1,5 MiIH HOBBIX CiiyyaeB MH(UIIU-
poBanus rematutom A (I'A) [1-3], uctuHHOE uHCIO
koTopsix B 3—10 pa3 Beime [1, 2]. B omiuuue ot ma-
peHTepaNbHbIX I'eNaTUToB, 3HauuMocTh BI'A 3auactyto
HEIOOLICHUBAETCS, YTO B OCHOBHOM CBSI3aHO ¢ Ojaro-
MPUATHBIM MIPOTHO30M TedeHus 3abomneBanus. OmHAKO
B 3—20% ciy4aeB HaOMIOAaETCS PEIUINB 3a00JICBaHUS.
VY nereit BI'A umeer 100pokauecTBEHHOE TEUCHHE, HO
JIOCTaTOYHO YacTO MPHUBOAUT K Pa3BUTHIO OCIOXKHE-
HUI: QuOpo3a meueHu, XoNeUCTUTa, XOJaHTUTa U J1-
CKMHE3MH JKEeTYHBIX MyTel, ractpoayonenura [4, 5].

B pazBuBaromuxcs cTpaHax ¢ INIOXUMHU CaHUTap-
HBIMHU YCJIOBUSIMH ¥ THTHEHUYECKON MPAKTUKOH OO0JIb-
mmHCTBO (90%) nereit npuobperator BI'A 1o noctmxke-
Hust 10-netHero Bospacta. B GoNbIIMHCTBE MPOMBILI-
JICHHO Pa3BUTBIX CTPaH BCTPEYaeTCs] HE3HAUUTEIbHOE
KOJIMYECTBO KJIMHUYECKH BBIPAXKEHHBIX ciydaeB BIA.
[TosTOMy B3pOCIIOE HaceleHHe BOCIPHUMYHUBO K 3a00-
JIeBaHUIO: HanpuMmep, y 93% nacenenus LIBerun B Bo3-
pacte 10 40 jeT oTCYyTCTBYeT UMMYHHMTET K BUpycy I'A.

Poccuto B 11€J10M OTHOCST K PETMOHAM CO CPENHEN
9H/IEMUYHOCTBIO, TIPY ATOM Ha OTJENIBHBIX TEPPUTOPH-
X YPOBHH 3a00JI€Ba€MOCTH CYIIECTBEHHO pa3inya-
IOTCSl ¥ B Pa3HBIX pailoHax CTpaHbl KoieOdroTcs oT 9
1o 210 na 100 TeIc. Hacenenus [6]. B Poccuun Habmro-
JIaeTcsl TeHJEHIUSI K CHM)KEHUIO 3a00J1eBa€MOCTH BH-
PYCHBIMH TeaTUTaMH, YTO MPUOIIDKAET HAILY CTpaHy
M0 JJaHHOMY TOKa3aTelio K crpaHaM 3amagHoi EBpo-
nbl. 3aboneBaemocth I'A B Poccun ¢ 2009 mo 2020 1.
CHU3WJIACh MpakTtuiecku B 3,8 pasza (¢ 7,3 no 1,9 na
100 Teic. HaceneHus ). MUHUMAJIBHBIN TOKA3aTeIb ObLI
3apeructpuposat B 2020 1. u coctaBui 1,9 na 100 ThIC.
HaceneHus. OIHaKo 3Ta CUTyaLus IPUBEIa K CHIYKEHHIO
KOJJIEKTUBHOTO UMMYHHUTETA, YTO MOXKET BBI3BATH POCT
3aboneBaeMocTu ['A. OTHOCHUTENIBHOE SMUAEMHOIOTH-
Yyeckoe Onarornoixydue Mo JaHHOW MHGEKIHU SBISET-
Csl MHAMBIM M OIpENeNnseTcsl KaKk HaJu4ueM OOJbIINX
LUKIIOB, XapaKTepHbIX IJIs NaHHOW MHGEKIHH, TaK U
psinoM coumanbHbeIx (akTopos [6]. Poct akryansHOCTH
npobnembl [A B MocieAHUE ASCATUIICTHS ONPEAeseT
MOSIBIICHUE OOJIBILION KOTOPTHI B3pOCIIOrO HACEICHHS, He
UMeEIOLIeH B KpOBH aHTUTEN K BUpYCY |7, 8]. PecriyOnuka
TarapcTaH OTHOCUTCA K TEPPUTOPUSAM C YMEPEHHOU UH-
TEHCUBHOCTBIO 3a00JIEBaHUS, OHAKO, C YYETOM BBICO-
KO 3KOHOMHYCCKOM U COLMaIbHON 3Haummoctu BIA,
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U3y4yeHHe KOJUIEKTUBHOIO HMMMyHHTeTa K A cpemu
Pa3IUYHBIX BO3PACTHBIX TPYII HACETICHHs pEeCITyOIHKH
SIBJISICTCS KpallHEe aKTyaJIbHbBIM JUIS OIIPEIEJICHUS UHTEH-
CUBHOCTH 3IUIAEMUYECKOTO IIPOLECCA U PETYIUPOBAHUS
IIPOTUBO3MUAEMUYECKUX MEPOIPUATUI IIPU OCIOXKHE-
HUU 3IUAEMUOIOTHYECKON CUTYaLlUH.

Ieab uccienoBaHuss — OLIEHKA KOJUIEKTUBHO-
ro uMMmyHurera Kk ['A cpeau pasiudHBIX BO3PAaCTHBIX
rpynn HaceneHus Pecy6nuku TatapcTaH.

MaTepman bl N meToAbl

B kauecTBe MaTepualloOB HCIONIBL30BaHBI (DOPMEI
craructrueckoro Hadmonenusa Ne 2 «CBenenus 00 uH-
(eKUMOHHBIX M TMapa3uUTapHBIX 3aboneBaHUsIX» B Pe-
crybonmuke Tarapcran 3a 20062021 rr., pa3paboTaHHbIe
aBTOpPaMH OTUYETHBIE (POPMBI [0 COCTOSHHIO 3a00IeBae-
Moctu BI'A 3a nepuon ¢ 2006 mo 2021 1. J{ns u3yyenus
KOJIeKTUBHOTO MMMyHuTeTa K ['A B 2009-2021 rr. ripo-
BOAMJIOCH UCCIICOBAHUE METOJJOM UMMYHO(QEPMEHTHO-
rO aHaju3a C HCIOJb30BaHUEM peareHToB «Bekrtoren
A-IgG» («Bektop-bect») cbiBopoTok KpoBH Y 6553 He
NpPUBUTHIX IPOoTUB BI'A n111 B pa3ianyHBIX BO3PACTHBIX
rpynnax (1-2 rona — 243 ygenoseka, 3—6 netr — 694,
7-14 ner — 1116, 20-29 mer — 991, 30-39 nmer —
1375, 40-49 ner — 1368, 50-59 netr — 766), pe3yib-
TaThl UCCIIEOBAaHUM MpEICTaBIEHbl B IPOTOKOIAX Ja-
0OpaTOPHBIX UCCIENOBaHUH (MCIIBITAHMIA).

HccnenoBanue NpoBOIUIOCH IPU JOOPOBOJIEHOM
MHQOPMUPOBAHHOM COTJIaCHU TalMeHToB. [IpoTokon
UCCIIeZIOBaHUsl 0f00peH DTudeckuM komureToM Ka-
3aHCKOM TOCYJapCTBEHHOW MEIMLIMHCKON aKaaeMUun—
¢unmanom Poccuiickoii MEIUIIMHCKOW aKaJleMUH He-
NPEPHIBHOTO MpodeCCHOHaIbHOr0 00pa3oBaHus (Ipo-
Tokol Ne 4 ot 21.04.2022).

Bribopka HenpuBUTHIX TpoTuB ['A num asis usy-
YeHUs KOJJIEKTUBHOTO MMMYHHUTETA OCYIIECTBIISIIACH B
paMKax €XeroJHO BBIHOCHMBIX IIOCTaHOBJIECHUH [aB-
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HOTO TOCYAAapCTBEHHOTO CaHMUTApHOro Bpaua 1o Pe-
cnyonuke TatapcTan Mo opraHU3alyy MUAEMHUOIOT Y-
yeckoro MoHutopuHra B Pecnyonuke Tarapcran. Ko-
JMYECTBO MOJICKALINX OTOOPY CHIBOPOTOK B pa3zpese
BO3PACTHBIX KaTerOpUi, HACEIEHHBIX IIYHKTOB, HCKIIIO-
YeHHue U3 BHIOOPKM MPUBUTHIX MpoTHB A nun ompe-
JIEJIAINCh B TOCTAHOBJIEHUSIX, BBIHECEHHBIX B aJipec
MEMIIMHCKUX opraHu3aiuii PecrryOnuku Tarapcras.

KaxxapiM yuyacTHMKOM HCCIeIOBaHMs TOANKCaHA
«Popma uHpOopMHpPOBAHHOTO coracus». Mccnenoa-
Hus nipoBeaensl cpeau 3771 (57,5%) cenbckoro xute-
15t u 2782 (42,5%) ropoackux xurenei. Jons xeHcko-
ro HaceyieHus coctaBwia 57% (n = 3725), My»KcKoro
HaceneHuss — 543% (n = 2828). B nccnenosanusx B
2009 r. npunsnu ygactue 288 uyenosek, B 2010 . —
487,82011 . —433,820121n —629,82013 . — 688,
B 2014 . — 625, B 2015 n — 639, B 2016 . — 499,
B 2017 . — 500, B 2018 . — 502, B 2019 . — 564,
B 2020 . — 494, B 2021 . — 205. Cepono3uTUBHBIMU
CUMTAJIM MALUEHTOB C 3AlMTHON KOHLEHTPALMEH aH-
tuten K Bupycy I'A 20 MME/mn u Gonee.

CraTucTu4ecKyro o0pabOTKy pe3ysIbTaToB UCCIIe-
JIOBaHUHM INPOBOAWIN IIyTEM OIPEACIICHUsS CTaHAApT-
HBIX OMIMOOK TMOKa3aTelieid, JOBEpUTEIbHBIX UHTEpBa-
70B [9]. IOCTOBEpPHOCTh pazIuYHii MEXKIy IMOKa3are-
JISIMH OLIEHHMBAJIM C MOMOILIbI0 Kputepus CThIONEHTA.
CraTHCTUYECKYI0 3aBHCHMOCTb MEXKAY SABICHUSIMHU
OTIpeaeNsUId MyTEM BBIYMCIICHUSI KO(PPUIMEHTa KOp-
pemnsiuuu [upcona [2].

Pe3synbraTbl

B nauane 1980-x rr. B PecnyOnuke Tarapcran
3aboneBaeMocTh BI'A mocturama 200 ciydaeB Ha
100 ThIc. HaceneHus, B 1998 1. ypoBeHb 3a001eBaeMO-
ctu coctaBuil 30,6%o00, B 2006-2021 . — 1,1-5,4%000
C TEHJCHIMEH K CHUKCHHIO (CPEIHUN MHOTOJCTHHMA
ypoBetb — 3,6 £ 0,3%o00; puc. 1).
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Puc. 1. QnHamuka 3abonesaemoctu BI'A B Pecnybnuke TatapctaH (1997-2021 rr.) Ha 100 TbiC. HAaceneHus 1 NUHWUA TpeHaa.

Fig. 1. The dynamics of the incidence of viral hepatitis A in the Republic of Tatarstan (1997-2021) per 100 thousand
population and trend line.
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Onunemuueckuid npouece (2006-2021 rr.) onpe-
nensioT guna B Bospacte 15-17 met (8,2 £+ 2,5%00),
3-6 ner (7,0 + 1,9%000), 7-14 ner (6,2 + 1,3%000), Ypo-
BEHb 3a00JICBAEMOCTH CpPEJIH JAaHHBIX BO3PACTHBIX
IpyIII 32 BCe HaOJII0aeMBbIe TOJIbl OCTaBaJICs Hanbosee
BBICOKMM. HU3Kass MHTEHCUBHOCTH 3200JICBAEMOCTH —
B Bo3pacTHbIX rpynmax crapuie 60 jet (0,1 £ 0,1%o0),
cpenu nereir g0 1 roma (0,6 = 1,1%00), 50-59 ner
(1,0 =+ 0,9%000), 40-49 ner (2,8 + 0,7%000), 1-2 roga
(3,5 £ 1,9%000). Takum o0pa3om, MpPOBEeNEHHBIA aHa-
JIU3 MOKa3aJl Pa3jIMyHYH MHTEHCHUBHOCThH JIHICMUYC-
CKOTO TIpoliecca Cpely AETCKOrO U B3POCIOro Hacee-
HUS C TIPEBBIIICHUEM 3a00JIEBAEMOCTU CPEIH JIETCH B
2,3 paza (6,9 0,9 u 3,0 £ 0,3%000).

VYaenbHbII BEC CEPONO3UTUBHBIX JIML B BO3-
pacte 1-2 roma cocraBun 43,6 £ 3,2%, 3—6 ner —
34,7+ 1,8%, 7-14 ner — 28,0 + 1,3%, oOuwii yaeabHbIMI
BEC Cepono3uTHBHBIX aereit — 32,1 + 1,1%. HauGonee
BBICOKasl 4acToTa MOJOKUTENbHBIX anti-HAV-IgG-00-
pastoB otMmeueHa cpenu yui 50-59 ner u cocraBuia
89,4 + 1,1%, 4049 ner — 73,5 £ 1,2%, 30-39 ner —
65,5 = 1,3%, 20-29 ner — 48,2 + 1,6%. Cpeau B3poc-
JeIX BhisiBIeHbI anti-HAV-1gG ¢ 3amuTHON KOHIIGHTpa-
nueit 68,2 + 0,7%. B coBokymnuoctu 56,9 £+ 0,67% 00-
CJIC/IOBAHHBIX JIUI] UMEITU 3aIUTHBIC aHTHTEIIA K BUPYCY
I'A. Tloka3arenu OTHOCHUTENIBHON YaCTOTHI BBISIBICHUSA
anTu-BI'A-IgG crarucTuyecku 10CTOBEPHO OTIIMYAIUCH
BO BCeX Bo3pacTHbIX rpymnmax (p < 0,05) (Tadiamuua).

[lyteM KOppPEIAIMOHHO-PETPECCUBHOTO aHAIIU-
3a YCTaHOBJICHa OOpaTHasi CHJIbHAS KOPPEJSAIMOHHAsS
CBSI3b MEXJy YypoBHeM 3a0oneBaemoctu BIA B oOT-
JICJIbHBIX BO3PACTHBIX TPYIINAX U yACIbHBIM BECOM JIUI]
C 3aIIMTHOHW KOHLEHTpanueidl anturen k Bupycy ['A
(r=-0,8419; p<0,05). ITpu Hu3KOI1 3a000eBacMocTu ['A
cpeau smn Bo3pactHo# kareropun 50—59 net (1,0%o00)
MaKCUMaJIbHasi YacTOTa BBISBJICHUS 3alllUTHBIX aH-
TUTEN COOTBETCTBOBAJIA JAHHOW I'PYyIMIE M COCTAaBHIIA
89,4% (2009-2021 rr.). AHAJIOrMYHOE COOTHOIICHUE

OTMEYEHO U B Bo3pacTHOM kareropuu 4049 ner, rae
nipu HU3Kkoi 3aboneBaeMocTy BI'A (2,9%000) HaOMIOMA-
Jlach BBICOKasl IOJIsl *UMMYHHBIX JIMII U3 YHciIa 00ceno-
BaHHBIX (73,5%). [Ipu BEICOKOM ypOBHE 3a00JeBacMO-
ctu BI'A cpenu aereii 7-14 net (6,2%o00) ObLITa HU3KAS
YacTOTa BBISBICHUS 3alIMTHBIX aHTHTEN (28,0%). BhI-
cokuil ypoBenb 3a0oneBaemMoctu BI'A (7,0%000) B BO3-
pacTHoI1 rpynmne 3—6 JeT TakKe COOTHOCHUTCS C HU3KOH
nosneid MMMYyHHBIX JuL (34,7%; puc. 2).

Takum obOpazom, B PecnyOnuke TarapcraH kod-
JIEKTUBHBIA MMMYHUTET B OCHOBHOM C(OPMHUpPOBaH
cpeau B3pocioro HaceneHus crapue 30 JieT, 4To noj-
TBEP)KJACTCSl pe3y/bTaTaMy MPOBENEHHBIX HCCIEN0-
BaHui. HecMOTpsl Ha 1OCTaTOYHO HU3KYIO MHTCHCHB-
HOCTb SMHUAEMHUYECKOTO MIpoliecca B pecyOnrKe B 1ie-
JIOM, BBICOKAs 4aCTOTA BBISABJICHUS 3aIUTHBIX aHTUTET
B CTapIIMX BO3PACTHHIX TpyIIax B Mepuox Habmoxe-
HUSl CBHJIETENBCTBYET 00 WX MHOHUIMPOBAHHOCTH Ha
NPOTSHKEHUH KHU3HH, C JPYTrod cTOPOHBI — 00 uX 3a-
MIHAIIEHHOCTH OT 3a0oeBaHus. BEIABIEHHBIH OTHOCH-
TEJIbHO HU3KHUH yJENbHBINA BEC CEPOIIO3UTUBHBIX JETEHU
MOKa3bIBa€T HAJIMYME KOTOPThHI HE3ALUIIEHHBIX CIIOEB
HaCEeJIeHHUs1, KOTOpbIE MOTYT OBITh BOBJICYCHBI B JITU/IC-
MMYECKHI npoLecc.

IlpoBen€HHBIA  aHAIU3  ANUAEMUOJIOTUYECKON
cutyauun no BI'A na teppuropun PecmyOnuxu Ta-
TapctaH 00OCHOBaJI HEOOXOOUMOCTh —peaau3aluu
npoduiakTudeckux Meponpustuil. Hanbonee pesyins-
TaTUBHBIM, MEHEE 3aTpaTHbIM U ONEPaTHUBHBIM, B OT-
JUYUE OT IPYTuX NpOo(QUIAKTUYECKUX Mep, SBISETCS
BakuuHonpoduinakruka. Ha 01.01.2022 B pecmyOnuke
npusuto npotuB BI'A 53 568 yenoBek, B ToM umucie
KOHTUHT€HT, OTHOCSIIUICS K AIEKPETUPOBAaHHBIM TPyII-
nam, — 40 770 (76,1%) uenosex.

O6cyxaeHne

IIyTém KOppENsIMOHHO-PErPECCUBHOIO aHAJIU-
3a yCTaHOBJEHA OOpaTHas CHIbHAs KOPPEISLHMOHHAs

YacToTa BbIIBNEHNs 3allMTHOW KOHLEHTpauuy aHTuTen k Bupycy A B pasnunyHbiX BO3pacTHbIX rpynnax B Pecnybnvke Tatap-

cTaH
Frequency of detection of protective concentration of antibodies to the HA virus in different age groups in the Republic of
Tatarstan
AbcontoTHoe yncno HwxHsAs BepxHsas .
Bospacrt, net Cepono3nNTUBHbLIX AL, Eﬁgzb?)??'&noi;l- posepuTenbHada AoBeputenbHada é?ESTeele{IrVal
pact, n Absolute number 4. 7 m rpanuua (M- 1,96m) | rpanuua (M + 1,96m) A .
Age, years o Share of ) S ) .~ | Student's
of seropositive seropositive. % Lower confidence limit | Upper confidence limit t-test
individuals P e (P—1,96m) (P +1,96m)
1-2 243 106 43,6 3,181294 37,3861 49,856735
3-6 694 241 347 1,807251 31,184 38,268436 2,43
7-14 1116 313 28,0 1,344726 25,4109 30,682257 2,57
20-29 991 478 48,2 1,587311 45,123 51,345237 9,7
30-39 1375 900 65,5 1,282372 62,9411 67,967994 8,44
40-49 1368 1005 73,5 1,193733 71,1252 75,804629 4,57
50-59 766 685 89,4 1,111078 87,2479 91,603301 9,79
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Puc. 2. CpaBHuTENbHAsA BO3pacTHas CTpyKTypa 3aboneBaemocty A 1 JoNM UMMYHHBIX K BUpYycy A nuy B Pecnybrnivke
TatapcTtaH (Ha 100 TbiC. BO3pacTHOW rpynnbl).

Fig. 2. Comparative age structure of hepatitis A morbidity and the proportion of persons immune to the HA virus
in the Republic of Tatarstan (per 100 thousand age group).

CBS3b MEXJy YpOBHeM 3a0osieBaemMoctd BI'A B oT-
JENBHBIX BO3PACTHBIX TPYIIIAX U yACIbHBIM BECOM JIMI]
C 3aIIMTHOW KOHLEHTpauuedl aHtuten Kk Bupycy ['A
(r = —0,8419; p < 0,05). IIpu HU3KOU 3a00JCBACMO-
cti BI'A cpenu nun BozpactHoit kareropuu 50-59 net
(1,0 = 0,4%000) MaKCUMaJIbHASI YACTOTA BBISIBICHUS 3a-
HIMTHBIX aHTHUTENl COOTBETCTBOBAJA TAHHOM TpymIie
cocrasuia 89,4%. I1pu BeICOKOM ypoBHE 3a001€BacMO-
ctu BI'A cpenu nereit 7-14 net (6,2 £ 1,3%o00) yacToTa
BBISIBJICHUS 3AIIMTHBIX aHTUTEIN U3 YMCIIa 00CIe10BaH-
HbIX Hu3kas (28,0 = 1,3%). Beicokuii ypoBeHb 3a00-
nesaemoctd T'A (7,0 £ 1,9%000) B BO3pacTHOM rpyriie
3—6 neT TakKe COOTHOCHUTCSA ¢ HU3KOM J0JIel UMMYH-
Heix Jul (34,7 + 1,8%).

KomnnexTuBHBIE MMMYHUTET B OCHOBHOM c(op-
MHUpPOBaH Cpeay B3pociioro HaceneHus crapuie 30 jer,
BBIABJIICHHBIM OTHOCHUTEJIBHO HHU3KUH YAENbHBIM BeC
CEPOMO3UTHUBHBIX J€TEH MOKA3bIBAaCT HAJHMYHE KOTrop-
ThI HE3aIIMIIEHHBIX CJIOEB HACEJICHHUsI, KOTOPhIe MOTYT
OBITH BOBIICUCHBI B 3MTUIEMUUECKU mpouecc. B koHne
1990-x rr. npoBenéHHbIE Ha pszie TeppuTopuit Poccuii-
ckoil Denepaluu UCCIEAOBaHUS OKA3ajid, YTO J0Jid
MMMYHHOTO K Bupycy ['A HaceneHus eBpomeickoil
4acTu cTpaHbl cocTtaBimsuia 39,5-46,8%, B ToM uucie
cpenu moapocTkoB 15—19 jeT s3ToT mokaszarenb cocTa-
Bun 25,9-47,3%, cpenu B3pocibix ctapie 20 ger —
60—70%. M3yueHne KOJUIEKTHBHOTO UMMYHUTETA K BH-
pycy T'A B Cankr-IlerepOypre B 2009 1. B BO3pacTHBIX
rpynmnax 20-29, 30-39, 40 ner u crapiie mpoaeMoH-
CTPUPOBAJIO PE3KOE CHIKCHUE YaCTOTHI BBISIBIICHUS aH-
TuTen K BUpycy I'A B BozpacTHbIX rpymnnax 20-29, 30—
39 ntet, mokazarenu cocTaBuiIu b 28,3 u 24,2% [10].

B PecnyOnuke TwiBa cpenu nereil B Bo3pacte
1-4 roma yacToTa BCTPEYAEMOCTH 3AIIUTHBIX AHTH-
Ten cocraBuna 28%, 5-9 ger — 42%, 10-14 ner —
68%, cpemu mui B Bospacte 20-29 mer — 98%,
30-39 mer — 96%, 40-49 net — 98%, 50-59 nmer —
97%; B CepmioBckoii obmactu — 64, 74, 12,5, 39,
50, 63,5 u 81,3% coorBerctBenHo [11]. Pe3ymbrars
I/ICCHCHOBaHI/Iﬁ HC UMCHOT HpI/IHL[I/IHI/IaHI)HI)IX OTJ'II/I‘II/Iﬁ
¢ nanHbiMH 110 CBEpUIOBCKOW 001acTH, OOIIUH yIeih-
HBbIi BEC CEPOINO3MTHUBHOTO HACEJICHHS B BO3pPacTe
50-59 net B 000MX peruoHax UMeeT HauOOoJIbIICe 3HA-
yenue (Pecnybnuka Tarapcran — 89,4%, Cepios-
ckas oonacts — 81,3%).

3aknioyeHue

VYiydineHue CaHUTAPHO-TUTHEHUYECKOTO COCTO-
SIHUSL U CAHUTAPHON TPaMOTHOCTH HACEJICHUS B LIEIIOM
IIPUBEJIO K CHIDKeHUIO 3aboneBaemocT BI'A, onHako, ¢
y4ETOM YCHJICHUSI MUTPAIIMOHHBIX MPOIIECCOB, OCTAET-
CSl PUCK OCIIOKHEHHSI SITUAEMUOIOTUIECCKON CUTYaIUH.
HanGonee ysa3BuMbIME K 3apaxeHuto BI'A sBnsrorcs
BO3pacTHhIE TPYIIbl 7—14 u 3—6 JeT, KOTOphIe OCTAIOTCA
HauOoJIee He3alMIIEHHBIMU TPYIIIAMU 110 pe3yJibTaram
M3YYCHUS MOMYISIIUOHHOTO UMMYHHUTETA U TIPU OCIIOXK-
HEHHU 3MHUACMHUOJIOIMYCCKON CHUTyallid MOTYT OBITh
BOBJICUEHBI B 3MUJEMUYECKHI mpouecc. Boicokas ya-
CTOTA BBISIBIICHUS 3alIUTHBIX aHTUTEIN CPEIU B3POCIIOTO
HACEJICHHUS CBHJICTEIBCTBYET 00 aKTUBHOM BOBJICUCHUU
B SMUJEMHYECKUAN MPOLECC JAHHBIX BO3PACTHBIX TPYTIIT
HE Ha COBPEMEHHOM JTarie, a panee. KoieKTUBHEIN M-
MYHUTET B OCHOBHOM C(OPMHPOBAH CPEIU B3pPOCIOrO
HaceneHus crapiue 30 net. Haubonee Hanéxuoit mpodu-
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JIAKTUYECKOW MEPOii ¢ Y4ETOM PUCKOB 3aB03a HH(EKIMN
WU3BHE SBJSAETCSA IIMPOKUM OXBAaT BaKIIMHAIIMEN HE3alu-
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Yyacmue aemopos. Bce aBTOpbl BHECNU CYLLUECTBEHHbIV BKNaj B

npoeseneHve NONCKOBO-aHanMTU4eckomn paGOTbI M NoaroTtoBKy CTta-
TbW, NPOYNN 1 0goGpunn UHanbLHy0 Bepcuo Ao I'Iy6J'IVIKaLMVI.

Cratbsa noctynuna B pegakumio 30.10.2022;

npuHaTa k nyénukauum 14.01.2023;

ony6nukosaHa 28.02.2023

LIEHHBIX CJIOEB HACEJICHUS, B TOM YUCJIE IETEN U B3pOC-
JIBIX U3 YUCJIA JEKPETUPOBAHHBIX TPYIIIL.
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KnuHuko-anngemumnonornyeckas Xxapakrepncrmka 310KkayeCTBeHHbIX
HOBOOOGpa30BaHui1, aCCOLMNPOBAHHbIX C BUPYCOM NanuIOMbl
yenoBeKa, B pernoHax Cesepo-3anaga Poccun

NanuHa J1.B.", Xononos A1.B.", zeHok A.B.%, Xuxa B.B.%, Tony3os 3.3.3, KacatkuH E.B.%,
lopsies E.A.%, 3apopkuHa T.I.¢, MonuaHoBa X.P.”

'CaHKT-lNeTepbyprcknii HayuYHO-UCCNeaoBaTENbCKMI MHCTUTYT SMMAEMUONOTMN U MUKpobronorum nmenm MNactepa,
CaHkT-lMeTepbypr, Poccns;

MepnUUHCKIN nHOPMaLMOHHO-aHanUTUYecKuii LeHTp, CaHkT-MeTepbypr, Poccns;

3[OPOACKON KNMHNYECKUIA OHKONOrMYecknii gucnaHcep, CaHkT-Metepbypr, Poccus;

“KoxHo-BeHeponoruyeckuin gucnaHcep Ne 8, CaHkTt-lMetepbypr, Poccus;

LleHTp no npodunakTnke n 6opbbe co CMNUI n nHdekLMoHHbIMM 3a60neBaHNAMM JIeHMHIpaacKom obnacTu,
CaHkT-lMeTepbypr, Poccns;

SLleHTp cneuunan“3npoBaHHbIX BUAOB MEAULIMHCKON Nomowm KanmHuHrpagckon obnactu, KanuHunrpag, Poccus;

’YnpasneHue PocnotpebHag3opa no KanuHuHrpagckon obnactu, KannHnHrpag, Poccna

AHHOMauus

BeepeHue. Begyuiasa ponb Bupyca nanunnombl Yenoseka (BMNY) B aTtnonartoreHese 3nokavyecTBEHHbIX HOBO-
obpasoBaHun (3HO) HekoTOpbIX Nokanu3auni siBnsieTcs odLenpuaHaHHon. MNpumeHsiemble B Mupe 1 Poccun
BaKLMHbI AN NPOUIaKkTUKM NanunnoMaBMpyCHON MHPEKLMN CO34atoT OCHOBY ANs 3NMMUHaLMK 3aboneBaHui,
accouunpoBaHHbIx ¢ BIMY, B ByayLiem.

Lenb nccnenoBaHns — onpeaeneHne permoHarnbHblX, FeHAepPHbIX M BO3pacTHbIX ocobeHHocTen 3HO, accouu-
MpoBaHHbIX ¢ BIMY, ana o6ocHoOBaHWA pa3BUTUS €AMHOW CUCTEMbI 3NMAEMUOINOTMYECKOro HaA30pa U BaKLUMHO-
NPoUNaKTUKK.

MaTtepuanbl n meToAbl. PeTpocneKkTMBHbIN anugemuonorndeckuin aHanms sabonesaemoctn 3HO, accounmpo-
BaHHbIMK € BlNY, n cmepTHOCTM OT 3TnX Heonnasumn B pernoHax Cesepo-3anagHoro denepanbHoro okpyra Poc-
cum npoBenéH 3a 2011-2020 rr. no aaHHbIM popMbl Ne 7 «CBefeHnst 0 3r1oKa4yeCcTBEHHbIX HOBOOOPa3oBaHMAX»
n MonynsaumnoHHbIX pakoBbix pernctpos CaHkT-MNeTepbypra (13 117 cnyyaes), NenuHrpagckon (3204 cnyyas) u
KanuHuHrpagckow (2898 cnyyaes) obnacren.

PesynbraTtbl. B ctpyktype 3HO, accoummpoBaHHbix ¢ BIMY, B CaHkr-MNeTepbypre, JleHnHrpaackon n Kanu-
HWHrpaacKkon obnactax y myx4vmH 6onee 90% coctaBunv onyxonu MofocTn pra, pOTOrMOTKU U ropTaHn, cpeau
XKeHLUMH bonee 60% 3aHMMaEeT pak LUENKW MaTkU. YCTAHOBMEHbl peErvoHarnbHble U BO3pacTHble 0COOEHHOCTU
3aboneBaeMOoCTU PakoM LUEVKN MATKM U CMEPTHOCTM OT 3TOWM NaTonoruu. BeiBNeHbl CTaTUCTUYECKM 3HAYMMbIE
pasnuuns 3ab6oneBaemMoCcTy PakoM rofioBbl U LLEUN, aHyCa M aHanbHOMO KaHana pasnuyHbiX BO3PaCTHbIX Fpynn
MYXXYUH U XKEHLLUH.

3akntouyeHue. B pe3dynsrate NnpoBeAEHHOMO MCCNe0BaHUS YCTaHOBIEHbI perMoHarnbHble, reHAEPHbIE U BO3pacT-
Hble ocobeHHocTH 3aboneBaemoctn 3HO, accoummpoBaHHbiMu ¢ BINY, Ha Ceepo-3anage Poccun. OTu gaHHbIe
Lenecoobpa3sHo 1cnonb30BaTh AN Pa3BUTUS €QUHON CUCTEMbI 3NUAEMMONIOrMYECKOro HaA30pa U BakLMHOMPO-
OMNaKTMKN NanUnIoMaBuUpPyCHOM MHAEKLNN N CBA3AHHbIX C HEW HEOMNSa3ni.

KntoueBble crnoBa: supyc nanusiioMbl Yeroeeka, 3/10Kka4ecmeeHHble Ho800bpa30eaHUsi, peauoHasbHbIe, 2eH-
OepHble u 8o3pacmHble ocobeHHocmu, Cesepo-3anad Poccuu, 3aboriegaeMocms, CMEPMHOCMb

Amuyeckoe ymeepxdeHue. /ccnegoBaHne NpoBoAMIOCH Npy AOO6POBOMBEHOM MHAPOPMUPOBAHHOM COrflacumn naum-
eHToB. [NpoTokon uccneposaHust ogobpeH JlokanbHbIM 3TM4ecknuMm kommteToM PBYH HUW anugemuonornm n Mmmnkpo-
6uonorun umenun Mactepa PocnotpebHaasopa (npotokon Ne 56 ot 26.11.2019).

BnazodapHocmb. ABTOpbI BbipaxatoT 6rarogapHoCTb COTPyAHUKaM pakoBbix perucTpos CaHkT-MNeTep6ypra u Kanu-
HUHrpaackon obracTu 3a NOMOLLb B NPOBEAEHUN UCCTIEA0BaHNS.

UcmoyHuk puHaHcupoeaHus. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUM BHELLHEro hMHaHCUPOBaHWs Npyu NpoBeAeHnN 1c-
cnenoBaHus.

KoHebniukm uHmepecoe. ABTOPbI AeKNapUpYT OTCYTCTBUE SIBHBIX M MOTEHLMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEen cTaTbu.

Anst yumupoeaHus: NanunHa J1.B., Xononos [.B., A3zeHok A.B., Xnxa B.B., Tony3os 3.3., KacatkuH E.B., lopsieB E.A.,
3apopkuHa T.I., MonyaHoBa XK.P. KnuHuko-anuaemunonornyeckas xapakTepucTuka 3rnokavyecTBeHHbIX HOBOobpa3oBa-
HWUIA, aCCOLIMMPOBAaHHBIX C BUPYCOM ManumnoMbl YenoBeka, B permoHax Cesepo-3anaga Poccun. XKypHan Mukpobuo-
noeuu, anudemuonoauu u ummyHobuonoauu. 2023;100(1):52—64.
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Clinical and epidemiological characteristics of cancers associated
with human papillomavirus in the regions of North-West Russia

Liudmila V. Lyalina™, Dmitry V. Kholopov', Arkady V. Yazenok? Valentin V. Khizha?,
Evgeniy V. Kasatkin?, Eldar E. Topuzov*, Evgeniy A. Goryaev’,
Tatyana G. Zadorkina®, Zhanna R. Molchanova’

'St. Petersburg Pasteur Institute, St. Petersburg, Russia;
2Medical information and analytical center, St. Petersburg, Russia;
3Skin and venereological dispensary No. 8, St. Petersburg, Russia;
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Abstract

Introduction. The leading role of the human papillomavirus in the etiopathogenesis of malignant neoplasms of
some localizations is generally recognized. Vaccines that are used in the world and in Russia for the prevention of
papillomavirus infection create the basis for the elimination of diseases associated with the human papillomavirus
in the future.

The aim of the study is to determine the regional, gender and age-specific features of cancers associated with
the human papillomavirus to substantiate the development of a unified system of epidemiological surveillance
and vaccination.

Materials and methods. The retrospective epidemiological analysis of the incidence of cancers associated with
the human papillomavirus and mortality due to these neoplasms in the regions of the North-Western Federal
District of Russia in 2011-2020 was carried out based on data from Statistic Form 7 "Information on malignant
neoplasms" and the Population cancer Registers of St. Petersburg (13,117 cases), Leningrad region (3204 cases)
and the Kaliningrad region (2898 cases).

Results. In the structure of cancers associated with the human papillomavirus in St. Petersburg, Leningrad and
Kaliningrad regions, more than 90% of men had tumors of the oral cavity, oropharynx and larynx, more than 60%
of women had cervical cancer. Regional and age-specific features of the incidence of cervical cancer and mortality
from this pathology have been established. Statistically significant differences in the incidence of cancer of the
head and neck, anus and anal canal in different age groups of the male and female population were revealed.
Conclusion. As a result of the study, regional, gender and age-specific features of the incidence of human pap-
illomavirus-associated malignant neoplasms in the North-West of Russia were established. These data should
be used to develop a system of epidemiological surveillance of papillomavirus infection and vaccination program.

Keywords: human papillomavirus, cancer, regional, gender and age features in North-West of Russia, morbidity,
mortality
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BeepeHue 4ecTBEHHBIX HOBooOpazoBanuil (3HO) B mupe moms
Bonpocel kaHieporenesa, cBsi3aHHOTO ¢ Bo30y-  umH(ekiuii cocrapmser q0 20% [1]. K 3HO, accoru-
JUTEISIMU WHQEKIMOHHBIX W Tapa3uTapHBIX 3a00je-  HMPOBAaHHBIM C BHPYCOM ManmuuioMbl deioBeka (BITY),

BaHHﬁ, JAaBHO INPHBJICKAIOT BHUMAHUC OTCYCCTBCHHBIX MG)KZLYHHPOILHOG AréHTCTBO 110 U3YUCHHUIO paKa OTHO-
n 3apy6e)KHbIX HuccienoBareneii. B aTuonoruun 3jg0Ka- CUT pakK IOJIOCTHU PTa, MUHAAJIIMH, POTOITIOTKH, TOpTa-
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HU, aHyCa U aHAJbHOT'O KaHaja, IeWKU MaTKH, BYJIbBBI,
BJlarajuia 1 MojoBoro wieHa [2]. BaxHoe 3HaueHue
B pazeutuu 3HO oTBOIMTCSA reHOTUIIaM BHpPYCa — CO-
IJIaCHO OITyOJMKOBaHHBIM JAaHHBIM, B Mupe 4,5% ciy-
yaeB paka Obutu cBsizanbl ¢ BITY 6, 11, 16, 18, 31, 33,
45, 52, 58-ro renotumnos [3].

AHanu3 onyOIMKOBaHHBIX pabOT CBUIETEIbCTBY-
€T O HAJIMYHMHY TeHCPHBIX U BO3PACTHBIX 0COOCHHOCTEH
BITY-accouunpoBanusix 3HO: B 2020 1. B cTpyKTYype
Bcex 3HO nonst paka ryObl U TIOJIOCTH PTa COCTaBUIIA
2,8% y myxuuH U 1,3% y KEHIIMH, MUHJIAJIUH U PO-
tornotku — 0,8 u 0,2%, ropranu — 1,7 u 0,3% coot-
BETCTBEHHO, IIeHKU Marku — 6,9%, BynbBsl — 0,5%,
pnaraiguma — 0,2%, nomoBoro wiena — 0,4% [4],
aHajgpHOro Kanana (06a moma) — 0,3% [5]. B CIIA
B 2007-2016 rr. moka3zarenu 3a00JIeBaEMOCTH PaKOM
MOJIOCTH PTa U TJIOTKHU YBEIWYMBAJINCH CPEAM JIHI B
Bo3pacre 50—79 ner [6]. B Poccuu B 2020 r. Haubomb-
MIMA ypOBeHb 3a00JI€BAEMOCTH PAKOM IOJIOCTH PTa M
POTOIIIOTKH Yy MY»UHUH 3apEeruCTPUPOBAH B BO3PACTHOM
rpynne 65—69 nert, y xeHuuH — B rpynnax 50-59 u
70-74 ner. MakcumanbHas 3a00J€BAEMOCTb PAKOM
TOpTaHU BBHISBIEHA B Bo3pacTe 65—69 et y My 4uH U
70-74 rona y xenmma — 37,37 u 1,84 na 100 ThIC.
MY>KCKOTO U 5KEHCKOT'O HaCENIeHUsI COOTBETCTBEHHO [7].
OTMedaeTcst TeHIEHIMSI K POCTy 3ab0jeBaeMOCTH pa-
KOM aHAJIBHOTO KaHaja C yBEJIMYEHHMEM IoKa3aTeseil
noutu Ha 2% exeronHo [8]. Ilo maHHBIM HEKOTOPBIX
aBTOPOB, PaK BYJbBBl 3HAYMTEILHO 4alle OOHAPYKH-
BaeTcsa B MOJIOAOM Trpymre nanueHToB [9]. Cambie BbI-
COKHE ypOBHH 3a00J€Ba€MOCTH PaKOM Biarajiuiia Ha-
omoganuch y noxmibix [7, 10].

B Mupe u Poccuu cpenu 3HO, acconmnpoBaHHBIX
¢ BITY, y xeHInuH Haubosee akTyaabHON MpoOIeMoit
apiseTcs pak welku marku (PIIM), mHOrMe uccne-
JOBaTeIM OTMEYAlOT HEraTWBHBIC TEHIEHIMU 3a0oIie-
BAa€MOCTH KEHCKOTO HACEJIEeHHs DPENpOAYKTUBHOTO U
TpyaocnocobHoro Bo3pacta. B mupe cpeanuii Bozpact
BIICPBBIC BBISABJICHHBIX OOJIbHBIX C jauarHo3om PIIIM
cocTtaBui 54 roma, mpu 3TOM caMblii paHHUI Makcu-
MyM 3200JIeBa€MOCTH YCTaHOBJIEH B BennkoOpuranuu
(30-34 ropma) [11]. B Poccuu B 2020 1. cpeaHmii BO3pacT
oonpHbIX PLIIM okazancs paBHBIM 53 roga, HanuOoOIb-
mrast 3a00J1€Ba€MOCTh OTMEUYEHA B BO3PACTHOM TpyIime
40-44 net (36,61 na 100 ThIC. Hacenenwus) [7].

3a0051eBaeMOCTh pakoM MOJIOBOIO 4EHAa Xapak-
Tepusyercsl Ooyee HU3KUMH YpoBHSAMH. [lo maHHBIM
MOMYASUOHHOrO pakoBoro peructpa Hopseruu, 3HO
91Ol Jokanuzanuu B 60% ciyyaeB 0OHapyKUBAIHCh
y Myx4uH crtapiue 65 net [12], B Poccun makcumans-
Has 3a00JIeBaeMOCTh 3apETUCTPUPOBAaHA B BO3PACTE
75-79 ner (5,91 na 100 Thic. My>KCKOTO HaceneHus) [7].

Pesynwrarel u3yuenust cmeprHoctu ot 3HO, ac-
couuupoBaHHbix ¢ BIIY, Takke CBUAETEILCTBYHOT O
BBICOKOM COITMAJIbHOM M MEJIMIMHCKOM 3HAUYMMOCTHU
npo6nembl. B 2020 . cMEpTHOCTh B MUpE OT paka po-
TOTJIOTKY ¥ MUHJAIMH B BO3pacTHOH rpymie 1544 net
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coctaBuna 0,12 u 0,03 Ha 100 ThIC. MYy>KCKOTO U KCH-
ckoro HacesneHus cooTBeTcTBeHHO [13]. B Poccuu B
2020 r. cpeaHU BO3pacT yMepIIMX COCTaBHI Y MYXK-
yuH 67 net, y xeHmuH — 69 jet [7]. Cpennuii Bo3-
pacT OOJIBHBIX pakoM aHaJIbHOTO KaHana — 60 net [14],
U 3Ta JIOKAaJH3auusi OTINYAETCSI BBICOKHUM YpPOBHEM
cmeptHOcTH [15]. B 2020 . B Poccuu B cTpykType OH-
KoJloru4eckoil cMeprHocTH >xeHIuH PIIM 3ansan 1-e
mecro (21,3%) B Bo3pactHOU rpymnmne 30-39 ner [6].
Camble BBICOKHE ITOKa3aTeld CMEPTHOCTH OT paka Biia-
ranuia B BennkoOpuTanun HaOIIOAAMUCh B CTAPIIMX
BO3pacTHBIX Tpymnnax [16].

B 2007-2016 rr. B Poccun BeIsiBneno 5 761 170
ciiy4aeB J0OpPOKAaueCTBEHHBIX HOBOOOpPA30BaHUI H
3HO, accomuupoBanusix ¢ BIIY [17], uTto cocTaBs-
et O6osiee 5% B CTPYKType OOl OHKOJIOTHUECKOM 3a-
6oneBaemoctd [18]. KIMHUKO-3IUACMHOIOTHYCCKHE
0COOEHHOCTH M aKTyallbHOCThH mpobiemsl BITH-acco-
nuupoBanHsix 3HO B Poccun sBMIIMCH OCHOBOW JJis
Hay4YHOro OOOCHOBaHHUSI HEOOXOIUMOCTH COBEpLICH-
CTBOBaHHMSI BaKLMHOMPOPHUIAKTUKU MAaHIOMaBUPYC-
HoW MH(pekunu B Hamel crpane [19-22]. B 2020 .
BcemupHas opraHuzauusi 34paBOOXpaHEHUsT OMyOIu-
KoBaja MIO0aibHYIO cTparerdio snumuHanun PLIM
Kak TpoOsieMbl OOLIECTBEHHOTO 3APaBOOXPAaHEHUS
[23]. D10 crano BO3MOXKHBIM Oyiaromapsi JOKa3aHHON
s¢pdexTuBHOCTH BakuuHauuu npotus BITY B npenot-
BpaIICHUH TSHKENON AUCIUIA3UH IIEUKH MaTKu [24-27]
u nepBuyHoil mpo¢unakruku PIIM [28]. B Poccun
npunara Crparerusi pa3BUTHSI HMMYyHoONpoduiak-
TUKH MHQEKIHOHHBIX Oone3Heit 10 2035 1., koTopas
MpeayCcMaTpUBaeT COBEPIICHCTBOBAHNUE BAaKIMHALUU
MPOTHUB MaMUIJIOMAaBUPYCHON HH(EKIUH, YTO CO3AaET
MPEANOCHUIKH IS MMOCTETIEHHOTO CHIDKEHUS 3aboiie-
BaemocTy U anuMuHanuu 3HO, accounnpoBaHHBIX C
BITY, B Oynymiem.

Hean uccnenoBaHus: ONpeAciIeHUE PErHOHAIb-
HBIX, TEHJIEPHBIX U BO3pacTHBIX ocobeHHocteit 3HO,
acconuupoBaHubix ¢ BITY, mis o6ocHOBaHUs pa3BU-
THUS €AMHOW CHCTEMBI SIHAEMHOJIOTHYECKOTO Hal30pa
U BaKIIMHOMIPO(UIAKTHKH.

MaTepman bl 1 MeToAbl

B uccnenoBanue BKIIIOUEHBI MaTepuajbl O 3ape-
ructpupoBanueix 3HO, accouuupoBannsix ¢ BIIY, B
COOTBETCTBUU C pEKOMEHAalusAMU MexTyHapoaHo-
0 areHTCTBA MO M3YYEHUIO paka U MexayHapOoaHOM
knaccudukamuer OonesHeit [lecsatoro mepecmorpa
(MKB-10): pak nmonoctu pra (kog MKb-10 C01-C06),
MuHzanuH 1 pororiotku (C09-10), ropranu (C32),
ananmpHoro kanana (C21), ByneBel (C51), Bnaramuma
(C52), meiiku marku (C53), nmonosoro wiena (C60).
[IpoBenén ananus 3a00JI€BAEMOCTH MYXCKOTO M YKEH-
ckoro Hacenenusi CeBepo-3ananHoro ¢enepanbHOro
okpyra (C3®0) B 1elOM U OTACIbHBIX PETHOHOB B
2011-2020 rr. HTEeHCUBHBIE M 3KCTCHCHUBHBIC IMOKAa-
3aTeNy PacCUMTHIBAIU Mo AaHHBIM (opmbl Ne 7 «Cae-
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JCHUS O 3JI0KaYEeCTBEHHBIX HOBOOOPAa30BaHHAX» U
MarepuanaMm [lomyTSMOHHBIX PAKOBBIX PErHCTPOB
Cankr-IlerepOypra (13 117 cny4aeB), JleHnHrpaackoi
(3204 ciryuas) u Kanununrpazackoii (2898 cinyuaer) 00-
nactei. Marepuansl no Cankr-IlerepOypry BKIHOUAOT
TaKoKe cBesieHus o 7257 ymepuux ot ykazanHeix 3HO.

[MomynaunoHHBIE PAaKOBBIE PETHCTPHI BEIHCh Ha
OCHOBAaHMHU JOOPOBOJBHBIX HH(POPMHUPOBAHHBIX CO-
[J1acuil MAIIMEHTOB WM UX 3aKOHHBIX MPEACTABUTEIICH.
[Iporokon wuccnenoBanusi omobpeH JloKaabHBIM 3THU-
yeckuM komutetoM ®BYH HHUM smuaemMmonoruu u
Mukpobuonorun umenu Ilacrepa PocmorpebHanzopa
(mpotoxkoit Ne 56 ot 26.11.2019).

Merton ucclienoBaHUS: PETPOCIEKTHBHBIN 3IHU-
JeMuosnorudeckuii ananus. CraTucTUdeckyr oOpa-
OOTKY JaHHBIX OCYIIECTBISUIM C UCIOJNB30BaHUEM I1a-
keta «Statistica v. 12» («StatSoft»). Craructuuecku
3HaYUMBIMM cuuTany paznuuus npu p < 0,05. Pacuér
JoBepuTenbHBIX MHTepBaioB (M) mokasareneit 3a60-
JIEBAEMOCTH M CMEPTHOCTH TMPOBOAMIN C TOMOILBIO
nporpaMmel «WinPepi v. 11.65».

Pesynbratbl

Cpenu Bcex 3HO, BrisaBiennsix B 2011-2020 rr,
BIIY-accouuupoBaHHBIE HEOIUIA3UU Y MYXYHH U KECH-
e 3aauManu B Cankr-IlerepOypre 5,1% (95% AU
5,07-5,36) u 5,7% (95% AU 5,67-5,92), B Kanunun-
rpajckoi oonmactu — 6,6% (95% 11 6,25-7,04) u 8,6%

(95% N 8,19-8,98) COOTBETCTBEHHO, PETHOHAIb-
HBIC U TEHJICPHBIC Pa3JINYUsl CTATUCTUUYCCKU 3HAYMMBI
(p < 0,05). AHanu3 CTPYKTYpHI 0 JIOKAINU3ALUHU OITy-
xonesoro nporecca 3HO, accomuupoBanubix ¢ BITY,
CPeAH MYXCKOTO M YKCHCKOTO HACEJICHHS YKa3aHHBIX
tepputopuii C3D0O B 1ienioM nokasaja HaJTuuue OOLINX
3aKOHOMEpPHOCTEH (Tadmuma). Y MyX4uH HauOoJb-
uryto jnono 3HO nonoctu pra, MUHAAIHH, POTOIVIOT-
ku, ropranu cocraBuiau B Cankr-IlerepOypre (92,7%),
Kanmununrpanckoit (92,1%) u Jleaunrpanckoii (93,9%)
obmacrsx. B crpykrype BITU-accoumupoBanubsix 3HO
cpenu keHInuMH npeoOnanaer PIIM, monst koTopo-
ro npesbicwiia 60—70%. AxTyanbpHOI TpoOIeMOl BO
BCEX PErHOHax SBISETCA PaK TOpPTaHU CPEeOu MYXK-
ckoro Haceienus, B Jlenunrpazackoit obmactu 3HO
9TOH JIOKAJIM3AMK BCTPEYAIUCH CPEAN MY>KYMH Yalle
B 8,8 paza, B Cankr-IlerepOypre — B 11,6 paza, B Kanu-
HUHTpaJIcKoi obiiactd — B 19,3 pa3a. AHaJIBHBIN pak
Ha BCEX M3YYCHHBIX TEPPUTOPHUSIX Yallle PETUCTPUPYET-
Csl 'y JKEHIIMH, Pa3JINYMs 110 CPABHEHUIO C MY>KUYMHAMHU
craructuiecku 3Ha4uMsbl (p < 0,05). Jonst Heoriazuit
JAHHOW JIOKalM3allly M0 PErHOHaM CYIIECTBEHHO HE
ommyanack. Pak Biarajuiia ¥ MoJOBOTO 4i€Ha cpe-
mu BITY-accouunpoBannsix 3HO B cyObekrax C3DO
TaKXKe 3aHUMaeT NPUMEPHO OJMHAKOBBIE MTO3UIINH, €C-
JIM OLICHHMBATh ITOKa3areny pacipenenenus. Hexkoropsie
pErHOHANILHBIC PA3JINYKsi ObUIM BBHISBICHBI B 4acTOTE
PETUCTpALUY paKa TOPTaHH, BYJIbBBI U IICHKN MATKH.

Crpyktypa 3HO, accoummnpoBaHHbIx ¢ BIMNY, y myxunH n xeHwwmH B CaHkT-lNeTepbypre n KanuHunHrpagckow obnactu

B 2011-2020 rr.

Structure of cancers associated with human papillomavirus in men and women in St. Petersburg and Kaliningrad region

in 2011-2020
CaHkT-leTepbypr | St. Petersburg KanuHuHrpapckas obnacts | Kaliningrad region
MNokanusauys MYXYUMHbI | men XEHLLUMHbI | women MYX4MHbI | men KEHLWMHbI | women
Localization
95% On 95% Ou 95% Ou 95% On
0, 0, 0, 0,
ol % | gs%cl ol % | gs%cl ol % | gs%al nol % | g5l

MonocTb pTa 1927 38,3 36,56-40,00 937 11,6 10,87-12,37 348 32,2 28,82-35,66 157 86  7,35-10,12
Oral cavity
MuHaanuHel 879 17,4 16,31-18,64 289 3,6 3,18-4,01 189 17,4 15,04-20,11 57 3,1 2,38-4,07
1 poTtornoTka
Tonsils and
oropharynx
lopTaHb 1863 37,0 35,32-38,70 258 3,2 2,82-3,61 461 42,5 38,73-46,59 40 2,2 1,568-3,00
Larynx
AHanbHbIM kaHan 143 2,8 2,39-3,34 485 6,0 5,48-6,56 27 2,5 1,64-3,62 108 6,0 4,88-7,19
Anal canal
BynbBa 845 104 9,77-11,19 134 7,4 6,19-8,75
Vulva
Bnaranuwe 186 2,3 1,98-2,66 39 2,2 1,53-2,94
Vagina
Lenka maTkn 5079 62,9 61,15-64,62 1279 70,5 66,70-74,48
Cervix
Monosoii 4neH 226 4,5 3,92-5,11 59 5,4 4,14-7,02
Penis
Bcero 5038 100,0 8079 100,0 1084 100,0 1814 100,0

Total
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Puc. 1. 3abonesaemocTb (@) n cmeptHocThb (6) ot PLUM B pernoHax C390 B 2011-2020 rr.,
Ha 100 TbIC. XXEHCKOro HaceneHus:.

Fig. 1. Cervical cancer incidence (a) and mortality (b) in the regions of the North-Western Federal District of Russia
in 2011-2020, per 100,000 female population.

Ananu3 3aboneBaemoctu PIIIM B peruonax
C3®0 B 2011-2020 rr. moka3an HaJIU4YUe PETHOHAIIb-
HBIX ocobOeHHocTeld (puc. 1, a). B nemom no okpyry
nokasatenu 3aboneBaemoctu PIIIM BapeupoBamu OT
18,37 (95% AW 17,60-19,12) na 100 ThIC. KEHCKOTO
Hacenenus B 2020 . 10 22,97 (95% AW 22,13-23,84)
B 2018 . B Cankr-IletepOypre ypoBeHb 3a00eBacMO-
cTi ObUT HW)KE, MUHUMAJIbHBIE U MaKCHUMaJbHbIE TO-
kazarenu cocraBuwin 15,72 (95% JAU 14,31-17,20) Ha
100 TthIc. )keHckoro Hacenenus B 2020 1. u 20,46 (95%
JU 18,80-22,19) B 2015 1. (p < 0,05), B 10-neTem ot-
pe3ke BpeMEeHH TEHACHIHS K pOCTy 3a00JIeBacMOCTH
He BbIsiBieHa. B JlennHrpaackoit obnactu 3abomneBae-
MocTb PIIIM cyniecTBEHHO HE OTJIMYalach OT YPOBHEU
B Cankt-IlerepOypre, B 2011-2020 rr. moka3sarenu B
3TOM peruoHe BapbupoBaiu oT 16,76 (95% AN 14,32—
19,52) na 100 ThIC. 5xeHCKOTO HaceneHus B 2020 1. o
20,32 (95% AU 17,54-23,40) B 2016 . (p > 0,05).
B Kanununrpanckoii o0JiacTH OTMEYaeTCs TCHACHIUS
K pocty 3aboneBaemoctu ot 20,16 (95% AU 17,02—
25,39) ma 100 TeIC. *eHCKoro Hacenenus B 2011 r

1o 29,18 (95% AU 25,78-35,47) B 2020 r. (p < 0,05).
B 2020 . B ycnoBusix snunemun COVID-19 3aboneBae-
MOCTb CHU3MJIACh Ha BCEX TEPPUTOPHUSX.

[Nokazarenu cmeprHoctu oT PILIM (puc. 1, 6) Ha
teppuropun C3DO B u3ydeHHBIN NEPUO COCTABHUIN OT
8,03 (95% U 7,58-8,59) no 9,14 (95% JIU 8,60-9,68)
Ha 100 teic. xeHckoro Hacenenus. B Canxrt-Ilerep-
Oypre, Jlenunrpanackoii u KanuHuHrpaackon odmactsax
cmeptHOCTh OT PIIIM Oblia HA ypOBHE OKpyra B Iie-
aom — ot 7,18 (95% AN 6,24-8,21) no 9,33 (95% AU
8,25-10,53), ot 7,41 (95% AU 5,78-9,36) no 10,81
(95% AU 8,81-13,12), ot 9,32 (95% AU 6,84—-12,50)
1o 11,99 (95% AN 9,11-15,46) Ha 100 ThIC. KEHCKOTO
HaceJEeHUs COOTBETCTBEHHO. TeHAEHIINHU K POCTY MOKa-
3areneil cmeprtHocTd oT PIIIM B OKpyre u ykazaHHBIX
peruonax B TeueHue 10 JeT He BBISBICHO.

W3yyeHne permoHaIbHBIX W TEHACPHBIX OCOOEH-
HocTell paka pororioTku (kon MKB-10 C10) 8 C300
MOKA3aJ10, 4TO Cpey Myx4uH (puc. 2, @) B2011-2020 .
ypoBHU 3a0oneBaeMocTu BapbupoBayim ot 2,32 (95%
AN 2,01-2,65) no 3,24 (95% U 3,04-3,82) na 100 TbIC.
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Puc. 2. 3aboneBaeMoCTb pakoM pPOTOrMOTKN CPeamn MYXCKOro (a) 1 xxeHckoro (6) HaceneHus B pernoHax C3®0
B 2011-2020 rr., Ha 100 TbIC. YENOBEK.

Fig. 2. Oropharyngeal cancer incidence among male (a) and female (b) populations in the regions
of the North-Western Federal District of Russia in 2011-2020, per 100,000 population.

MY’KCKOTO HaceJeHHs, CpeH KeHIIUH (puc. 2, 6) — OT
0,35 (95% AU 0,26-0,48) no 0,71 (95% AU 0,57-0,88)
Ha 100 ThIC. ’KEHCKOTO HACEJIeHHs], pa3lInius CTaTUCTHU-
4yecku 3HaunMBI (p < 0,05), 3a0051€Ba€MOCTb MY>KCKOTO
HaceJieHus Obuia Bhiiie B 4,6—6,6 pasa.

B Cankr-IlerepOypre, Jlenunrpanckoit u Kanu-
HUHTPAZCKONW 00MacTsx 3a00JIeBaEMOCTh PaKoM pOTO-
[JIOTKH TaKke OblIa BBIIIE CPEIN MY>KUMH, TOKAa3aTeNn
BapbUPOBAJIM, OCTUTasi B Pa3Hble T'OAbl MaKCHMallb-
HbIX 3HaueHu# 3,26 (95% U 2,58-4,08), 4,61 (95%
AN 3,24-6,33) u 4,85 (95% AN 3,12—7,28) na 100 TbIcC.
MY’KCKOTO HaceJleHUs1 COOTBETCTBEHHO, pa3IMyus CTa-
TUCTUYECKH He 3HauuMbl (p > 0,05). Cpenu xeHIIUH
MaKCHMaJIbHBIE YPOBHU 3a00J€Ba€MOCTH COCTaBHIIU
B Cankr-IlerepOypre 0,97 (95% AW 0,65-1,41) nHa
100 ThIC. )KEHCKOTO HacelieHus, B JIeHUHrpaIckon 00-
mactu — 0,95 (95% U 0,43-1,81), B Kanunuurpan-
ckoit obmactu — 0,78 (95% AU 0,19-2,04). Ycroiiuu-
BOW TEHACHUMH K POCTY 3a00J€BaeMOCTH MYKCKOTO U
KEHCKOTO HAaCEeJICHUsI B yKa3aHHBIX PErMOHaX B U3y4eH-
HOM OTpe3Ke BpeMEHH He HaOIroaaeTcsl.

[Mpu ananuze 3a00IeBa€MOCTH PaKOM BYJBBBI
(puc. 3, a) B C3®O0 B Teuenue 10 ner ycraHOBIEHBI
CTaTUCTUYECKH 3HAYMMBbIC Pa3iIu4yisi B MUHUMalb-
HOM M MaKCHMMalbHOM mnokazarensx — 2,38 B 2011 r.

(95% 11 2,08-2,67) na 100 ThIC. 5KEHCKOTO HACEIICHUS
u 3,28 B 2019 r. (95% AU 2,98-3,63). B Canxr-Ile-
tepOypre, Jlenunrpanckoid u Kanunuarpaackoit 00-
nactax 3aboneBaemocts 3HO oToil nokanuzauuu
CYLIECTBEHHO HE OTIIMYANIAch OT YPOBHS IO OKPYTY B
I[EJIOM U HE UMEJIa CTATUCTUYCCKU 3HAYMMOM TCHICH-
LMW K POCTY.

3aboneBaemMocTh pakoM Biaraimiia B C3®O xa-
pakTepu3zoBanack 0ojiee HU3KMMHU ypoBHAMH — OT 0,55
(95% U 0,43—0,70) ma 100 TBHIC. KEHCKOTO Hacelie-
Hus B 2016 . go 0,92 (95% AU 0,77-1,11) 8 2019 1. u
B niepuon 2011-2020 rr. He uMena TeHACHIIMUA K POCTY
(puc. 3, 6). B Canxkr-IlerepOypre u Jlenunrpaackoi 00-
JIACTH TIOKa3aTeld U TUHAMHKa 3a00JIeBAEMOCTH CYIIe-
CTBEHHO HE OTIMYAIKCH OT OKPYyra B LIEJIOM, B TOCIIE/I-
HEM perroHe HabIonanoch CHIKEHNE 3a00JIeBAEMOCTH,
OJIHAKO Pa3iIMyMs OKA3aJUCh CTATUCTUYECKH HE 3HAYH-
MBI (p > 0,05). B Kanunuarpazackoit obnactu oTMeueHo
yBenu4yeHue ypoBHs 3aboneBaemocta ot 0,20 (95% AU
0,01-1,15) Ha 100 ThIC. *eHcKoro Hacenenus B 2011 .
1o 1,67 (95% AN 0,73-3,23) 8 2020 . (p > 0,05).

Baxubie pe3ynbTaThl MOJYYEHBI MPU H3YYCHUU
BO3PACTHOU cTpyKTypbl OonbHbX PLIIM B permonax
C3®0. B Cankr-IlerepOypre cpenu BIEpBBIE BBISB-
JIEHHBIX OONBbHBIX ¢ auardo3oM PIIIM B 2011-2020 rr.
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Puc. 3. 3abonesaemocTb pakom BynbBbl (a) n Bnaranvuwa (6) B permonax C3®0 B 2011-2020 rr.
Ha 100 TbIC. XXEHCKOro HaceneHus.

Fig. 3. Vulvar (a) and vaginal (b) cancer incidence in the regions of the North-Western Federal District of Russia
in 2011-2020, per 100,000 female population.

JIOTISL KEHILIMH PEenponyKTUBHOIO BO3pacTa JOCTUIVIA
39,6%, B Jlenunrpajackoii u Kanunuurpajackoit oobna-
CTSIX JTH [IOKa3aTeNId ObLIN 3HAYUTEILHO BhIlIe — 46,5
u 45,5% coorBerctBenHo (p < 0,05). Heobxomumo
TaKXe€ OTMETUTh, 4TO U3 uucna ymepmux or PIIIM B
Cankr-IletepOypre 27,7% cocTaBuIH )KEHILUHEI B BO3-
pacre 15-49 ner. [Ipu cpaBHeHUH MTOKa3aTenei U MuHa-
MUKH 3200JIEBAEMOCTH Pa3JIMYHBIX BO3PACTHBIX TPYII
skeHckoro HaceneHus B Cankr-IlerepOypre (puc. 4, a)
n Kanuaunrpaackoit obnactu (puc. 4, 6) BBISBICHEI
HEKOTOpBIE peruoHajibHble 0COOeHHOCTH. EnuHnyHbIe
ciayuyau PIIIM peructpupyrorcss B BO3PACTHOU IpyIl-
ne 15-19 ner B oboux pernonax. Cpeau XKCHIUH B
Bo3pacre 20-29 ner B Cankrt-IletepOypre mokasare-
1 3aboseBaeMOCTH BapbupoBanu otT 2,28 (95% AU
1,09-4,19) na 100 ThIC. )KEHCKOTO HACEJCHHS yKa3aH-
HOro Bo3pacta 1o 3,55 (95% AU 1,94-5,27), B Kanu-
HUHTpajckoi obnactu — ot 1,2 (95% AN 0,05-2,90)
1o 4,4 (95% 1IU 1,10-7,70), HaGnronaeTcs yBeIU4IeHUE
3a0011eBaeMOCTH, OJHaKo B 10-JIeTHEM OTpe3Ke Bpeme-
HU pa3iiMyus CTaTUCTUYCCKH HEe 3HauuMbl (p > 0,05).
B BozpactHnoii rpynne 30-39 net B Canxrt-Ilerep-
Oypre orMeudeHO CHIKeHHe 3a0osieBaemoct PIIIM ot
20,92 (95% AU 16,61-26,00) va 100 ThIC. KEHCKOTO

HaceleHus ykazaHHoro Bo3dpacta B 2011 r. mo 11,16
(95% AU 8,45-14,46) B 2020 1. B Kanununrpaackoii
0051acTy BBISBJICHA TEHICHUUS K poCTy 3a0ojeBaeMo-
CTH >KEHIIIMH 3TOro Bo3pacTa, nokasarenu B 2020 r. o
cpaBHeHuto ¢ 2011 r. yBennumiuck B 2,5 pasa ot 15,2
(95% A1 6,01-24,50) za 100 THIC. 5KEHCKOTO HACEJICHUS
ykazanHoro Bo3pacta 10 39,0 (95% JIU 25,40-52,60),
pasnuums craTucTuuecku 3Haunmsl (p < 0,05). Cpean
xeHIuH 40—49 ser B TeueHHEe BCero U3y4eHHOTo Iepu-
07la 3apETUCTPUPOBAHBI CaMble BBICOKHE YPOBHHU 3200~
nesaemoctd PIIIM, nocturmme B Cankr-IlerepOypre
38,19 (95% AU 32,17-45,01) na 100 ThIC. KEHCKOTO
HaceJeHus yka3aHHoro Bo3pacta B 2016 r., B Kanunun-
rpajckoit oonactu — 58,3 (95% JAU 40,90-75,70) B
2020 r. B crapmux BO3pacTHBIX IpyMIax B PETHOHAX
coxpaHsieTcs Bbicokast 3aboneBaemMocts PIIIM.

Ha pue. 5 npencrasieHsl pesyibTarbl H3yde-
HUSl TEHAEPHBIX M BO3PACTHBIX OCOOEHHOCTEH 3a00-
JICBaEMOCTH PAaKOM aHAJIBHOTO KaHalla Ha HpuMmepe
Cankr-IlerepOypra. 3a0051eBacMOCTD KEHIIWH OTIHYa-
eTcst 0oJiee BHICOKMMH MIOKa3aTeIsIMH, Pa3Inius COCTa-
Buiu 2,8—4,2 pa3za, 1 UMEET CTAaTUCTHUYECKHU 3HAYUMYIO
TeHAeHIuI0 K pocty ot 1,18 (95% AU 0,81-1,66) Ha
100 ThIc. )xeHcKoro HaceneHus B 2011 1. 1o 2,37 (95%
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Puc. 4. 3abonesaemocTtb PLLM B pasnuyHbIx BO3pacTHbIX Fpynnax XeHckoro Hacenexnus CaHkrt-lNeTtepOypra (a)
n KanuHuHrpagckon obnactu (6) B 2011-2020 rr. Ha 100 TbIC. XXEHCKOro HacemneHus ykasaHHOro Bo3pacra.

Fig. 4. Cervical cancer incidence in various age groups of the female population of St. Petersburg (a)
and Kaliningrad region (b) in 2011-2020, per 100,000 female population the same age.

AN 1,85-2,99) B 2020 r. [lepBbie cyuaun 3aboneBaHus
BBISBIEHBI B Bo3pacTHoW rpynmne 30-39 ner. Camble
BBICOKHE TIOKa3aTeiu 3a00JeBa€MOCTH OTMEUAIOTCS B
Bo3pacte 60—-69 u 70-79 ner kak cpean MyXK4UuH, TaKk
U CPEAM KEHIIHH.

Pesynbrarsl aHanm3a noxasareneid CMEPTHOCTU OT
PIIIM u aHajbHOrO KaHajga PAa3IMYHBIX BO3PACTHBIX
IPYIII HACEJIEHUS TaKKe XapaKTepU3YyIOT BaXKHOE COLIU-
anpHOE U MeauiHckoe 3Hadenne 3HO, acconuupoBan-
Heix ¢ BITY. B Cankr-IlerepOypre 3apeructpupoBaHo
6onee 700 cimyuaeB neranpHOro ucxona ot PIIIM cpenu
JKEHIIMH B Bo3pacte 110 49 net, B ToM yucie 25 ciyya-
eB B rpynme 2029 ner. Hanbonee BrICOKHE MOKa3aTeIH
CMEPTHOCTH OTMEYAJIUCh B BO3pacTHBIX rpymmnax 50-59
u 60—69 net, cocraBusime 26,7 (95% AU 20,85-33,67)
u 24,4 (95% AU 18,86-31,15) na 100 TBIC. 3KEHCKOTO
HACEJICHUs YKa3aHHOTo Bo3pacTa (puc. 6). TenmeHus
K POCTY YPOBHS CMEPTHOCTH BO BCEX BO3PACTHBIX Kare-
ropusax B 2011-2020 rr. He BbIsIBIICHA.

AHanu3 CMEpPTHOCTH OT paka aHaJIbHOTO KaHasa
Pa3IMYHBIX BO3PACTHBIX I'PYyMI MY)KCKOro (puc. 7, a)
1 xeHckoro (puc. 7, 6) Hacenenus: Cankrt-IletepOypra
[I0Ka3aJ, 4YTo CIy4yau JETAIbHOIO NCXOa BCTPEYAOTCs
B Bo3pacte 30-39 u 4049 ner.

Cpeny KSHIIUH TOKa3areian 3a00JIeBaeMOCTH U
CMEPTHOCTH OT Paka 3TOH JIOKAJIN3ALMHU BBIIIE, YEM Y
MykurH. Haumbolsiee BBICOKHE YPOBHU CMEPTHOCTH B
W3yYCHHBIN MEePUO ObUIM B BO3PACTHBIX Tpyrimax 60—
69 u 70-79 ner Kak cpenu MY>KCKOIo, TaK U KEHCKO-
ro HaceyneHus. OTMeuaeTcsl yBEIMYCHUE MOKa3aTelei
cmeptHOCTH B 2016-2020 IT. cpeau My»K4YUH B Bo3pac-
Te 60—69 ner u xenmuH 70—79 net, pa3auuus CTaTH-
cTudecku He 3HaYuMBI (p > 0,05).

O6cyxaeHne

3HO, accomuupoBanubsie ¢ BIIY, oTtHOCATCSA K
YHCIy aKkTyaJlbHBIX pobiem B Mupe u Poccun [2, 4,
7, 17, 22]. U3yueHne peruoHaIbHBIX O0COOCHHOCTEH
3aboneBaeMocTd 1 cMepTtHocTH OT BITY-accouuupo-
BaHHBIX 3HO HeoOxoguMo i1 000CHOBAHUS U OLIEH-
KH 3QPEKTUBHOCTH MPOrPaMM BAKIIMHOIPOPHUIAKTH-
KM TanuuioMaBupycHoi mHGpexnuu. CornacHo omy-
OJMMKOBaHHBIM JaHHBIM B mupe 4,5% ciydaeB paka
obutH cBsizanbl ¢ BIIY onpesenéHubix reHoTUIos [3],
B Poccun 3HO, accommuupoBanusie ¢ BIIY, coctaBuiu
0osee 5% B CTpyKType 00IIel OHKOJIOTHYECKOH 3a00-
neBaeMocTH [18]. B pe3synprare npoBenéHHOro HaMu
WCCIICOBAHUS BBISABICHBI CTATUCTHYECKH 3HAYMMBbIE
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Fig. 5. Anal cancer incidence in various age groups of the male (a) and female (b) population of St. Petersburg

in 2011-2020.
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Fig. 6. Cervical cancer associated mortality of various age groups of the female population of St. Petersburg in 2011-2020.

peruoHaNbHbIe ¥ TeHEPHbIE pa3Indusl 3TOTO IoKa3a-
tens cpenu Bcex 3HO, nMarHOCTUPOBAaHHBIX Y MYXK-
yuH u xeHmH B 2011-2020 rr., BITY-accouuunpoBan-
Hble Heomuiazuu 3aHumanu B Cankrt-IlerepOypre 5,1
u 5,7%, B Kanununrpauckoit oomactu — 6,6 u 8,6%
COOTBETCTBEHHO.

AmHanu3 oIyOJIMKOBaHHBIX TAHHBIX TIOKa3ajl HaJH-
4re TeHJICpHBIX U BO3pacTHBIX ocobenHoctei BITY-ac-

corunpoBanHbix 3HO [4, 5, 7]. ABropsl oT™MeuaroT 60-
Jiee BBICOKYIO 3a00J1€BacMOCTh MY>KYMH PAKOM TMOJIOCTH
pta, motku, roptanu [ 7, 13]. B pe3ynsrare mpoBeagHHO-
T'O HaMU UCCIICOBAaHUH TAKXKE YCTAaHOBJICHO, YTO Ha Tep-
putopuu C3DO 3HO, accoruuposannsie ¢ BITY, atux
JIOKaJIM3alUil 3aHUMAIOT CpPEeId MY>KCKOTO HACeleHUs
OCHOBHYIO JIOJIIO, a TIOKa3aTeIn 3a001eBaeMOCTH ObUIH
B 4—6 pa3 BhILIE 10 CPABHEHUIO C HKEHIIMHAMU.
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Fig. 7. Anal cancer associated mortality in various age groups of male (a) and female (b) population of St. Petersburg
in 2011-2020.

O06cyxnast akTyaJlbHOCTh ITPOOJIEMBI paka aHallb-
HOTO KaHaja, WCCIIeNOBaTeNN yKa3bIBalOT Ha TEHICH-
LUI0 K POCTY 3a00JIEBAEMOCTH C BBICOKUMH TEMITAMHU
€XEeTOTHOTO MIPUPOCTa MoKa3aTenei [8] 1 BEICOKYIO Jie-
tajbHOCTh [14]. B Cankr-IletepOypre MUHUMAaNbHbIC
U MaKCUMallbHble YPOBHH 3a00JIEBAEMOCTH U CMEpT-
HOCTH OT HEOIUIa3MH YKa3aHHOH JIOKaJIM3allH CpEeIu
KEHIIMH OBbLIH BBIIIE 110 CPABHEHHIO ¢ MY>KUMHAMH, 32
10 ner 3a001€BaeMOCTb YKEHCKOTO HACEJICHHS YBENU-
yuiack B 2 paza. CpaBHEHHE C APYTUMH OIyOJIUKOBaH-
HBIMU JaHHBIMH Ha TeppuTopuu Poccuu 3arpyaHeHo,
MOCKOJIbKY B (hOpME TOCYAapCTBEHHOTO CTaTHCTHYe-
cKoro HaOmoneHust cBelneHus o 3adboneBaemoctu 3HO
AQHaJIbHOTO KaHalla OOBEAWHEHbI B TPYIIy «IpsMast
KHIIKa, PEKTOCUTMOUIHOE COeTUHEHHE, aHyc». OObek-
THUBHAsI OLIEHKA MIOKa3aTeseld BO3MOKHA TP HAJTMYUH B
pEruoHe MOMy/SIIMOHHOTO PAaKOBOTO PErUcTpa.

Haubosnee akryanbHoit nmpodnemoii 3HO, accomu-
npoBansbIx ¢ BIIY, cpenu xenmuH B mupe u Poccun
ssisiercst PIIM [7, 11, 21, 23]. DTo oTHOCUTCA K TIO-
KazaTelsIM Kak 3a00JIeBaeMOCTH, TaK U CMEPTHOCTH,
MHOTHE HCCIIeIOBAaTEeIM OTMEYAIOT CMeIeHHe 3a00-
JeBaeMOCTH Ha 0ojiee MOJIO/bIe BO3PACTHBIC TPYIIIIBL.
B pernonax C3®O srta mpobieMa Takke akTyajbHa.
B crpykrype BIIY-accommupoBanneix 3HO cpenu
xeHckoro Hacenenus PILIM 3annmaer 6onee 60—70%.
Jois ®eHIIKH penpoayKTUBHOTO BO3pacTa y BIEPBBIE
BBISIBIICHHBIX OOJIBHBIX B JleHuHrpazackoii u Kanuuun-
rpajackoi obnactax npessimaet 45%. B Kanununrpan-
CKOMl 005lacTH OTMeYaeTcs CTaTHCTUYECKH 3HaunMast
TEHJEHIMSA K POCTY 3a00JIEBACMOCTH >KEHIIHH B BO3-
pacte 30-39 net. HanGonee Bricokue ypoBHHU 3a00J1e-
BAaE€MOCTH B M3YUECHHBIX PETHOHAX HAOMIONAINCh B BO3-
pactHoii rpymnme 40—49 net, cmeptHOCTH — 50-59 TN1eT.
W3 yncna ymepiux ot PIIIM B Cankr-IlerepOypre 60-
nee 27% cocTaBWIN XKEHUIUHBI B Bo3pacTe 1549 ner.

ObocHOBaHHE aKTyaJbHOCTH U COLMAIBHOW 3Ha-
gyumoctu BIIY-accouuupoBanusix 3HO, B mepByio
ouepens PIIIM, B Poccun siBUjI0CH OCHOBOM J1J1s1 COBEP-

LICHCTBOBaHMS BAKIWHOMPOPUIAKTHKH TaHIIOMaBHU-
pycHoii nH(ekuu B Hamiel crpane [20-22]. B 2020 1.
BcemupHast opranuzanyist 31paBooXpaHeHHs Oy OJINKO-
Basa TIo0abHyl0 cTpareruto >uMuHanuu PIIM kak
MpooOJieMbl  OOIIECTBEHHOTO 3/[paBooxpaHeHust [23].
37O cTano BO3MOXKHBIM OJarofaps 1oka3aHHou 3¢ ex-
TUBHOCTH BakiuHaimu npotus BITY [25-28].

BbiBOAbI

1. Crpyxrypa BITY-accomuupoBanubix 3HO nme-
€T TeH/ICPHBIC OCOOCHHOCTH: CPEAH MY>KYMH HanOOb-
IIYIO JTOJIIO0 3aHUMAET PaK TOJIOBHI U Ieu (TI0JIO0CTh PTa,
MUHIQJIUHBI, POTOIVIOTKA, TOPTAHb), OITYXOJHU ATOH JIO-
kanuzauun B Cankr-IletepOypre cocraBuiu 92,7%, B
Kanmununrpanckoi odnactu — 92,1%, B Jlenunrpan-
ckoii oomactu — 93,9%; cpeau KeHIIMH HauboJee ya-
cro peructpupyercst PIIIM (ot 60 go 70% B yka3zan-
HbIX peruoHax C3D0; p < 0,05).

2. PeruonHanbHble OCOOCHHOCTH YCTaHOBJICHBI
B YPOBHSX M TEHICHIHMAX 3a0osneBaemoctu PIIM,
B Cankr-IlerepOypre u JleHunrpajackoit oOmactu B
2011-2020 rr. moka3aTeny ObUTH HIKE TIO CPABHEHHIO
¢ C390 B uenom, B 10-1eTHEM OTpe3Ke BPEMEHU TEH-
JISHIIVSI K POCTY HE BbIsiBIIeHa; B KanuHUHTpaIcKoit 00-
JIACTU OTMEUACTCS CTATHCTUUYCCKU 3HAUMMask TCHICHITUS
K pocty 3a0oneBaemoctu PILIM, B ToM uuciie y sKeHIIUH
B Bo3pacte 30-39 ner (p < 0,05); cpenu BrepBbIC BbI-
SIBJIEHHBIX OOJIBHBIX ¢ auarHo3oM PIIIM gois sxeHIuH
penpoaykTuBHOro Bo3pacta B Cankr-IlerepOypre co-
craBwia 39,6%, B Jlenunrpanckoii oonactu — 46,5%, B
Kanuuunrpanckoii oonactu — 45,5% (p < 0,05).

3. 3abojeBaeMOCTh PAKOM POTOTNIOTKH MYXUYHH
BhbIlIE B 4,6—6,6 pa3a Mo CpaBHEHHIO C >KCHIIMHAMH,
MoKasareiau BapsupoBanu ot 3,26 no 4,85 na 100 ThIC.
HACEJICHUSI COOTBETCTBYIOIIETO MOJa; CPEAH KEHIIUH
MaKCUMallbHbIe YPOBHHU 3a0osieBaemoctu B Cankt-Ile-
tepOypre cocrapwiu 0,97, B JleHuHrpaackod oOma-
ctu — 0,95, B Kanununrpaackoit oonactu — 0,78; B
tedenue 10 et 3a001eBaeMOCTh MYXKCKOTO 1 )KEHCKOT'O
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HACEJICHUS B YKAa3aHHBIX PETMOHAX HE UMEJIa TCHJICH-
IIUU K CHUXKCHHUIO.

4. Pak aHaJbHOTO KaHala Yalle PEerucTPUpPYeT-
cs cpenu skenumH, B Cankr-IleTepOypre mokazarenu
3a0oneBaeMocTi ObutM B 2,8—4,2 pasa BhIIIE, YeM Yy
MY>K4HH, ¢ TeHAeHuuel Kk pocty ot 1,18 na 100 ThIC.
skeHckoro Hacenenus B 2011 . mo 2,37 B 2020
(» =0,001), cambie BBICOKHE MTOKa3aTeIN 3a00JICBaCMO-
CTH OTMedarTcst B Bo3zpacte 60—69 u 70—79 ner kak
CpeIu MY>KYHH, TaK U CPEIIU KCHIIIMH.

5. Ilokasarenu cmeprHOocTu oT BITH-acconuupo-
BaHHbIX 3HO cornacyroTcs ¢ ypoBHSIMH 3a00JIeBacMO-
CTH: Haubolee BBICOKHE MOKa3aTeIH CMEPTHOCTH OT
PIIM B Cankr-IletepOypre oTMe4anich B BO3PaCTHBIX
rpynmnax 50-59 u 60—69 ner u coctaBunu 26,7 u 24,4
Ha 100 TEIC. )KEHCKOTO HACCJICHHMS, TCHJICHIUN K CHH-
skeHuto cMepTHOCTH B 2011-2020 IT. HE BBIIBICHO.

3aKniouyeHue

B pesynprare npoBeAEHHOTO UCCIEA0BaHUS yCTa-
HOBJICHBI OOIIME 3aKOHOMEPHOCTH M OCOOCHHOCTH
3aboneBaemoctu 3HO, accoumupoBanueiMu ¢ BITY,
Ha Cesepo-3anage Poccun. DTu NaHHBIE SBISIOTCS
OCHOBOM JIJISl ONTHUMH3ALUN CUCTEMBI 3MHAEMHOIOTH-
YECKOTr0 HaJ[30pa U BaKIMHOMPO(IAKTUKN TAITHILIO-
MmaBupycHOH nH¢pexknuu. B Poccun npunsra Crpare-
TUS Pa3BUTHS UMMYHOIPO(PHIAKTUKYA HH(PEKIIMOHHBIX
3aboneBanmii 10 2035 1., KoTOpas mpeaycMaTpuBaeT
COBEPILICHCTBOBAHUE BAKIIMHAIIMY MIPOTUB MaMMIUIOMa-
BUPYCHOW MHQEKIIMHU, YTO CO3AAET MPEAIOCHUIKH IS
MOSTAMHOTO CHUXKEHHS 3a00JIeBA€MOCTH M B MEPCIIEK-
tuBe dumuHanuu 3HO, cesg3annbix ¢ BITY.
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CraHpapTHoOe onpepesnieHne KNMHUYECKOro ciy4yas SnuaeMmnyeckoro
napoTuTa u guarHoctnyeckas 3¢ppeKTUBHOCTb NPUMEHAEMbIX
TeCT-CCTeM B COBpeMeHHbII nepunog,

Cemepukos B.B."™, CodppoHoBa J1.B.", MoctaHorosa H.O.', lOMnHoBsa H.B.%,
Honrosa E.N.2, Bopo6beBa H.H.'

'"TlepMCKUI rocyiapCTBEHHbIN MEeAULIMHCKUI YHUBEPCUTET MMeHM akagemuKa E.A. BarHepa, MNMepmb, Poccns;
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AHHOMayus

AkTyanbHocTb. Pernctpauus nepuogm4eckmx anuaeMuyecknx BCrbILEK NApOTUTHOM WHAEKUMM Cpeamn nu
MOIOAOoro Bo3pacTa Ha hoHe MHOrONeTHeN NPaKTUKU BaKLMHOMPOMUNAKTVKA, 3aTPYAHEHUS B KIIMHUYECKON Au-
arHocTuke 3aboneBaHus B CBA3M C BbISBIEHNEM aTUMUYHBIX U CTEPTLIX (hOPM, HanMyYne 0COBEHHOCTEN KMNUHU-
YeCKNX MPOSIBMEHNI ¥ B3POCHbIX C BbISBMEHWEM TSHKENOro TedeHns nHdekuumn obycnosnmnsaoT HeobxoaMMoCTb
NOBbILLEHWSA KayecTBa ANarHOCTMKM 3abonesaHus.

Llenb paboTbl — pa3dpaboTaTtb cTaHO4apTHOE OnpeAeneHne KIMMHUYECKOro criyyas annaeMu4eckoro napoTura u
NPOBECTW CPaBHUTENBHYIO OLIEHKY 3(PEKTUBHOCTN NPUMEHSEMbIX ANArHOCTUYECKNX TECT-CUCTEM C onpeaene-
HMEM MX YyBCTBUTEMBHOCTU M CMELMPUYHOCTH.

Matepuansbi n metoabl. [Ins pa3paboTki CTaHAAPTHOrO onpeAeneHns KIMHUYECKOro criyyast annaeMm4ecko-
ro NapoTuTa npu BbISIBIIEHNN COYETaHHbIX KNUHUKO-nabopaTopHblx nokasartenen (n = 10) MeTogom norucTu-
YeCcKoW perpeccum NocTpoeHa matematuyeckas Mogens. B nccnegosaHue BkoYeHbl 84 naumeHTa ¢ NapoTuT-
HOWM MHpeKumeln (OCHOBHag rpynna) n 66 — c HeanmaemMmnyeckum cuanoageHuToM (rpynna cpaBHeHus). Ons
CPaBHUTENbHON OLEHKW YYyBCTBUTEMLHOCTW, CNEUUMUYHOCTH, AMArHOCTUYECKOW IPEKTUBHOCTU TECT-CUC-
Tem «BektolapotuT-IgM», «Bektolapotut-IgG», «NPA-MapoTtut-IgM», «NDPA-Mapotut-IgG», «Anti-Mumps
Virus ELISA-IgM», «Anti-Mumps Virus ELISA-IgG» nccnegoBaHbl B AUHAaMUKE CbIBOPOTKM KPOBM MaLMEHTOB
(n = 41) c AnarHo3oM «3NUAEMUYECKUA NapoTUT ?».

Pe3ynbraTtbl u o6cyxaeHue. KNMHNYECKUA CUMMNTOM «CYXOCTb BO PTy» YBENUYMBAN LUAHC YCTAHOBMEHWUS OW-
arHosa anvaemunyeckoro napotuta B 13,7 pasa, Hanuume OBYCTOPOHHETO NOPaXKEHUS CIIOHHbIX Xenes — B 6,5
pa3a, NoBbILIEeHVEe YPOBHsi AnacTasbl B Mode — B 3,2 pasa. KoaddumumneHT getepmmnHaumm coctasun R? = 61,1;
yyBcTBUTENBHOCTL — 93%, cneumdunyHocTe — 67% (p < 0,001). dmarHocTnyeckas ahdPEKTUBHOCTL CUCTEM
«Anti-Mumps Virus ELISA-IgM» coctaBuna 74,3%, «Bektollapotut-IgM» — 65,8%, «N®A-MapoTtnt-IgM» —
59,4%, «Anti-Mumps Virus ELISA-IgG» — 84,4%; «N®A-Mapotut-IgG» — 87,2%; «Bektollapotut-IgG» —
88,5%.

3akntoyeHne. OgHOBPEMEHHOE Hanm4yme y naumMeHTa OBYCTOPOHHETO NMOPaXEHUs CIOHHBIX XEenés, CyxoCTh BO
pTY, NOBLILLEHUS YPOBHA AMacTasbl B MOYe MO3BOMSANO C BEPOATHOCTLIO 81% ycTaHaBnvBaTh KMUHUYECKUA On-
arHos anuaemuyeckoro napoTtuTa. Ansa onpefenexns ypoBHs cneundmndecknx IlgG-aHTuTen K Bupycy anngemum-
YecKoro napoTuta HanbonbLuen AnarHOCTUYeCKon acpheKkTBHOCTBIO 0bnaganyu oTe4ecTBEHHbIE TECT-CUCTEMBI.

KnioueBble cnoBa: anudemuyeckuli napomum, cmaHlapmHoe ornpedernieHue KIUHUYECKO20 Crydasi, UMMYHO-
pepMeHmMHbIU aHanu3, Mamemamu4veckasi MoOesb

Amuyeckoe ymeepxdeHue. VlccnenoBaHve NnpoBoAMnoch Npy A06POBObHOM UHPOPMUMPOBAHHOM Cornacuv nauu-
€HTOB MNM MX 3aKOHHbIX NpeAcTaBuTenen. NMpoTokon uccrneaoBaHusi ofobpeH 3Tuyeckum kKommuTeToM MepMckoro rocy-
[apCTBEHHOTO MeAMLMHCKOro yHuBepcuTeTa um. akaa. E.A. BarHepa (npotokon Ne 6 ot 30.06.2021).

HUcmoyHuk d)UHaHCUPOGaHUﬂ. ABTOpbI 3aABNSAT 06 OTCYTCTBMU BHELLHEro durHaHCHpoBaHWUsS Npy NpoBeaeHnU nc-
cnenosaHuA.

KoHgbniukm uHmepecoe. ABTOpbI AeKNapUpYT OTCYTCTBME SIBHBIX U MOTEHLUManNbHbIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKaumen HacTosILWEN cTaTby.

Ana yumupoeaHus: Cemepukos B.B., CodppoHosa J1.B., MNoctaHorosa H.O., OmuHosa H.B., lonrosa E.U., Bopobbe-
Ba H.H. CtaHpapTHOe onpefeneHune KNMHUYECKOro criyyas SNMaeMUYECcKoro napoTuTa 1 anarHoctmyeckas ahekTms-
HOCTb NPYMEHSIEMbIX TECT-CUCTEM B COBPEMEHHbIN Nepuog. XKypHan Mukpobuoniozuu, anudemuonoauu u UMMyHobuo-
noeuu. 2023;100(1): 65-73.
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Standard definition of a clinical case of mumps and diagnostic
effectiveness of the test systems used in the modern period
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Abstract

Introduction. Registration of regular epidemic outbreaks of mumps infection among young people, difficulties in
the clinical diagnosis of the disease, the presence of specific clinical manifestations in adults with a severe course
of infection make it necessary the improvement of the quality of diagnosis of the disease.

The aim of the work is to develop a standard definition of a clinical case of mumps and to conduct a comparative
assessment of the effectiveness of the diagnostic test systems used for mumps diagnostics based on the
determination of their sensitivity and specificity.

Materials and methods. To develop a standard definition of a clinical case of mumps based on ten combined
clinical and laboratory parameters, a mathematical model was built using the logistic regression method. The
study included 84 patients with mumps infection (main group) and 66 patients with non-epidemic sialoadenitis
(comparison group). For a comparative evaluation of the diagnostic systems VectoParotitis-IgM, VectoParotitis-
1gG, ELISA-Mumps-IgM, ELISA-Mumps-IgG, Anti-Mumps Virus ELISA-IgM, and Anti-Mumps Virus ELISA-IgG, a
blood serum samples from patients (n = 41) with a diagnosis “mumps?” were tested in dynamics to assess their
sensitivity, specificity, and diagnostic effectiveness.

Results. The clinical symptom “dry mouth” increased the chance of diagnosing mumps by 13.7 times, the
presence of bilateral lesions of the salivary glands — by 6.5 times, the increase in the level of diastase in the
urine — by 3.2 times. The coefficient of determination R?was 61.1; the sensitivity was 93% and the specificity —
67%; p < 0.001. Diagnostic effectiveness of “Anti-Mumps Virus ELISA-IgG” test system was 84.4%, ELISA-
Mumps-IgG — 87.2%, and "VectoParotitis-IgG" — 88.5%.

Conclusions. Based on the combination of following clinical symptoms observed simultaneously in patient, of
the general weakness, dry mouth, bilateral lesions of the salivary glands, an increase in the level of diastase in
the urine, it is possible to establish a clinical diagnosis of mumps with a probability of 81%. The highest diagnostic
effectiveness of domestically manufactured test systems for quantitation of IgG antibodies to mumps virus in sick
people has been demonstrted.

Keywords: mumps, standard definition of a clinical case, enzyme immunoassay, mathematical model
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BeBepeHue nanauu (B 2018-2020 rr. — BenbllKa ¢ OOIUM YHC-

HecmoTpst Ha MHOTOJIETHIOIO MPAKTHKY BaKIU-
HOTIpoMIaKTUKK 3nuaeMuueckoro mnaporura (OI1)
B MHUp€ M Hallell cTpaHe, NO-IIPEKHEMY UMEET MECTO
MTOBCEMECTHOE U HEPaBHOMEPHOE €ro pacipocTpaHe-
HUE Ha Pa3IMYHBIX TeppUTOpuUsx. B psge 3apyOex-
HBIX CTpaH B HAacTOALIEe BpeMs 3aperuCTPUPOBAHEI
SMUAEMUYECCKUE BCIBIIIKK MAPOTUTHON MHPEKIUU C
OonpmuM ymciioM noctpagasmux [1-12]. B 2015-
2020 rr. xpynHble BenblIIKd uMenu mecto B CIIA
(B 20162017 rr. oduIMaNIbHO 3apEeTUCTPUPOBAHO
150 Bembimek ¢ 9200 cnyuasmu 3aboneBanusi), Up-

nom 3aboneBmmx 3700), Kanane (B 20162018 rr. —
24 pcnowimiku, 881 cmydait 3aboneBanwus), ABCTpa-
muu (2015-2016 rr. — BcnbIlIKa cpeau adOPHUTeHOB,
893 cnyuasn)'.

! HaupoHanbHbIH M1aH MEPONPUATHIA 10 PeaNn3alii IPOrpaMMBbl
«ONMMMHUHANUS KOPH U KPAaCHYXH, TOCTIDKCHHE CHOPAJAUIeCKON
3a00JIeBa€MOCTH SIHUAEMHUYECKUM MapoTUTOM B Poccuiickoit
Oenepanmm» (2021-2025 rr.), yrBepKAEHHBIM PyKoBoguTenem
DenepanbHOH ciTy>KOBI 110 HAI30pY B Chepe 3aMUTHI IPaB MOTpe-
Oureneil U 6IaronoTyyus 4enoBeka ¥ MUHHCTPOM 3IpaBOOXpa-
Henus Poccuiickoit @enepanun.
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OPUTVUHANbHbBIE NCCITIEAOBAHNA

B Poccun 3a6onesaemocts D11 B mociaegHue rojsl
3a CuéT BBICOKOTO OXBAaTa BaKI[MHAIIMEH JeTell (He HIDKE
95%) xapakTepu3yercs yCTONYUBBIM CIOPATUICCKUM
YpOBHEM — IOKa3areib 3abojieBaeMOCTU KojeOer-
cs ot 0,13 no 3,03 wa 100 Teic. Hacenenus. Ha done
CIOPaJIMYCCKOTO YPOBHS 3a00JICBAGMOCTH, KaK U 3a py-
0EKOM, PETUCTPUPYIOTCS SMUIACMUYCCKUAE BCIIBIIIKH,
[Tpu aTOM TeppuTOpHEii prcka Mo 3a00JIEBAEMOCTH SIB-
nsiercst CeBepo-KaBkasckuii penepanbHbIi OKPYT, B KO-
TopoMm B 2021 1. mokasareiib 3a00JIeBa€MOCTH COCTABUII
2,24 ua 100 Teic. Hacenenus. B PecriyOnuke [larectan
3apEruCTPUPOBAHA BCIIBIIIICYHAS 3a00JIEBAEMOCTh Cpe-
JIM JIMI[ MOJIOZIOT0 BO3pacTa ¢ YUCIIOM IOCTPAJaBIINX
212 4JenoBex — nokasareiab coctaBuil 6,79 Ha 100 ThIC.
HacesneHuss. B MockBe Takke uMena MECTO dIHIEMU-
YeCKasi BCIIBIIIKA CPEIH JIUI MOJIOJIOTO BO3PACTa C YHUC-
JIOM MOCTPa/IaBIIUX 23 YenoBeka®’.

Perucrpanuss nepuUOAMYECKUX SMUICMHUECKUX
Benbimek D11 cpeau nuir Moomoro Bo3pacra Ha (GoHe
MHOTOJICTHEH TPAKTUKH BaKIIMHOIPO(PUIAKTUKHU, 3a-
TPYIHEHUS B KIMHUYCCKON JMAarHOCTUKE 3a00JIeBaHUS
B CBSI3U C BBISBIICHUEM aTUITUYHBIX U CTEPTHIX (hopM, a
TAK)KE HAIMYUE 0COOCHHOCTEW B KIIMHUYECKUX MPOSB-
JICHUSIX Y B3POCIIBIX C MPEOOIalaHueM THKEIOTo Teue-
HUS HHGEKIUH 00YCIOBIUBAIOT HEOOXOAUMOCTD YITyd-
meHusl kagectBa quarnoctuku D11 [13—15].

B cymecTByOmmMX KIMHUYECKUX PEKOMEHIAIUSIX
(IpoToKoNe JeUeHHUs1) OKa3aHUA METUIIMHCKOW MOMO-
u aetsM, oonbHbiM OI1, yrBepxaéuubix 09.10.2015
Ha 3acefanuu npoduibHOM komuccun ®I'BY HUN 1N
®MBA Poccuun, u TpeOOBaHUSAX JICHCTBYIOIIUX Ca-
HUTapHO-3nuAeMuonornyeckux npasuin  CaunlluH
3.3686-21 «CaHUTapHO-3MUAEMUOIOTHYECKUE TPeOO-
BaHMs MO NpoQUIaKTHKE MHPEKIHMOHHBIX OO0JIe3HEe»
OTCYTCTBYET CTaHJIJAPTHOE KIMHUYCCKOE ONpEICICHIE
ciydas Ol

Hens uccnenoBanuss — paszpaborarh CTaHIApPT-
HOE OIpeneieHue KimHu4eckoro cirydas D11 u mpose-
CTH CPaBHUTENBHYIO OLICHKY 3()()EeKTHBHOCTH MpHMe-
HSIEMBIX JIMarHOCTUYECKUX TECT-CUCTEM C Omperelie-
HUEM MX 9yBCTBUTEIBLHOCTH U CIICIIU(DUIHOCTH.

Ma‘repman bl 1 MeTOoAbl

MarepuanioM Ui aHanu3a KIMHUKO-Taboparop-
HBIX TOKa3aTejieil B aHAJIUTHYECKOM SIUAEMHOJIOTHU-
YECKOM HCCIIEIOBAHUH «CIy4aii—KOHTPOJb)» MOCITYKHU-
1 «MeaMIMHCKHE KapThl CTAllMOHAPHOTO OOIBLHOTOY
(bopma Ne 003/y) 150 mamueHTOB, TOCHUTAIH3IUPO-
BaHHBIX B 'BY3 IIK «IlepMmckas kpaeBasi KINMHUYECKast
nHpexknuonHas oonpauna» B 2014-2019 rr. B nccne-
JIOBaHHUE BKJIIOUEHBI 84 MaIlMeHTa ¢ MOATBEPKIAEHHBIM

TocymapcTBennslit noxnan «O COCTOSHHN CAaHUTAPHO-3IHIEMHUO-
noruyeckoro Omaromnonyuus Hacenenus B Poccuiickoii denepa-
uuu B 2020 romy».
TocymapcTBennsrit noxnan «O COCTOSHHN CAaHUTAPHO-3IHIEMHUO-
noruyeckoro Omarononyuus Hacenenus: B Poccuiickoii denepa-
uuu B 2019 romy».

nuarHozoM (MKB-10) «B26. Dnuaemudeckuil mapo-
TUT» — OCHOBHAs I'pyIa U 66 4eloBeK ¢ AMarHO30M
«K11. Hesnunemuueckmii cuanoamenut» (HCA) —
rpymnna cpaBHeHusi. ChopMHUpPOBaHHbBIE TPYMIbI ObLTH
COIIOCTaBUMBI 10 Bo3pacty (4-52 roama), 3abomneBiiue
UMENU CPEIHIOI CTENeHb TSHKECTH MH(EKUUU U TOo-
CTYNHJIM B HMHQEKIMOHHBIH CTallOHAp CBOEBPEMEH-
HO — B TepBbie 4 IHS pa3BUTHUS 3a00JIeBaHUs C HAIU-
YHEeM OIMHAKOBBIX KIMHUYECKHX OCJIOKHEHUH.

Cpenu  BBISBICHHBIX — KIMHUKO-JIA0OPAaTOPHBIX
NoKasaTeJie onpenesiéH nepedeHs NPU3HAKOB, CTaTU-
CTHYECKH JIOCTOBEPHO Hallle OTMEYABIIMXCS Yy Malu-
entoB ¢ OIl B cpaBHeHuu ¢ GombHeiMH HCA: obmias
€1a0b0CTh, TOBBILICHUE TEMIIEPATYPbI 10 (eOPUITBHBIX
UUQp, TPUIYXIOCTh OKOJOYIIHBIX CIFOHHBIX XKeEJE3 C
00enx cTopoH, 00 B OKOJIOYITHOH OOIacTH, CyXOCTh
BO PTY, OPXUT, HOBBILICHUE YPOBHS aMUJIa3bl B KPOBH,
JIEWKOTIEHHs, TUM(OIUTO3, TIOBBILICHUE YPOBHS JTHAC-
Tasbl B Moue. [lepeuricienHbIe KITMHUKO-I1a00paTOpHbIe
MPU3HAKK OBLIM 3aKOAMPOBAHBI OMHAPHO: HATHYHE JIU-
00 OTCYTCTBHE MATOJOTHYECKOTO KIMHHUYECKOTO CHM-
NTOMa WK J1a0OPaTOPHOTO MOKazaTessl (I KaKIOoro
NalnyueHTa OTHOCHTENBHO €ro BO3pacTHOW (hu3noo-
rudeckoil Hopmel). [Ipu 3TOM mpoBoaMM pacuéT dys-
CTBHUTENBHOCTU M CIIEHU(PUIHOCTH Ui KAKIOTO KIIU-
HUYECKOIO Npu3HaKa. UyBCTBUTEIBLHOCTD IIOKA3aTENICH
BapbupoBana ot 19 no 100%, cnenuduyHOCTH — OT
15 no 100%. Covyeranue NpUOPUTETHBIX KIMHUKO-Ja-
OOpaTOpHBIX TOKa3aTeyield, UMEIOIIMX HaUOOJIBIIYIO
CBSI3b C JMAarHOCTHYECKOH BEPOSTHOCTHIO HAJMYUS Y
nanuenta Jll, ucrmonp3oBanu npu pacuére BEPOSTHO-
cti Hamuus D1 ¢ moMomIbI0 ypaBHEHHUS JIOTHCTUYE-
CKOH perpeccuu, OrMchBaeMOro (opMysIoi:

1
P=Txg7 <100, (1)

I7Ie p — BEPOSATHOCTH y manuenta Jll, a z paccuuthI-
Baju 1o Gopmyie:

z=-565+47a+1,8b+2,6c+ 1,184, )

rJe: @ — Hajnuuue y nammeHta ciaboctu (1 — ecTh,
0 — =er);

b — HanMuuWe y nanMeHTa IBYCTOPOHHETO MOpa)KeHUs
OKOJIOYLIHBIX CIIIOHHBIX XeJ€3 B BUIE HPUITYXJIOCTH
(1 — ectb, 0 — HeT);

¢ — HaJW4Ke y MaieHTa CyX0CTH CIM3UCTON MOJIOCTH
pra (1 — ectb, 0 — HeT);

d — Hanuuue y ManyeHTa MOBBIIICHUS YPOBHS JHac-
Ta3bl MOYM OTHOCHTEIBHO (PU3HOIOTHYECKON HOPMBI
(1 — ectp, 0 — HeT).

Hns xakporo manueHTa ¢ momgo3peHueM Ha Ol
OCYILECTBISUIM cOOpP aHAMHECTHYECKHX IaHHBIX IS
BBISIBJICHUSI aCTCHUYECKOTO CHHIPOMa, OOBEKTUBHBIN
OCMOTp U MajblalHi0 OKOJOYIIHOW 00JacTH Kak Hau-
OoJee yacTo BOBJICKAIOIIEHCS B MHQEKIMOHHBII Mpo-
LECC C LEeNbl0 0OHAPYKEHHUS IPU3HAKOB JIBY CTOPOHHE-
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TO BOCHAJICHHUS OKOJIOYIIHBIX CIIOHHBIX XeJE3, OCMOTpP
MIOJIOCTH PTa ISl BBISABICHHUS CYXOCTH CIIM3UCTBIX 000-
JIOYEK U HCCIIEIOBAHUE YPOBHS AMACTa3bl B MOYE KH-
HETUYECKUM KOJOpHUMETpUYECKUM MetofoM. Kaxmomy
U3 OIpEeAeNseMbIX IOKa3areleldl MpUCBauBaiM Oal,
YKa3bIBaIOMIKI Ha Hanuuue cumnToma (1 Gasut) uim ero
orcytctBue (0 6amnoB). 3aTeM NPOU3BOAMIN pacuéT Be-
postHOcTH Ol ¢ TOMOIIBIO YpaBHEHHS JIOTHCTHUECKON
perpeccuu. Ilpu 3nauennu p > 50% y nanueHTa 1uarHo-
ctuposanu OI1, npu p < 50% 3TOT IMarHo3 UCKITIOYAIIH.

OxonuarenbHbIi quarnos Ol ycranasnuBanu Ha
OCHOBaHMHU KIMHUYECKHX NaHHBIX U J1aOOpaTopHOro
noxaTBepkAeHus auarnosa’. s Bepudukanuu npen-
BapuTenabHOro auartHoza Oll mpumeHssn UMMyHOIO-
rudeckuii Meton. C MOMOLIBI0 UMMYHO(EPMEHTHOTO
ananmmza (MDA) ompenensuin cnequduyecKkie UMMy-
HoroOynuHbl kinacca M (IgM) k Bupycy OI1 win ge-
TBIPEXKpATHOE U O0Jiee yBEeIMYCHNE YPOBHS criequdu-
yeckux uMmyHoroOynuHoB kinacca G (IgG) k Bupycy
OIl. JlaGopatopHble ucclieoBaHUS 82 CHIBOPOTOK
KpOBU 3a00JI€BIINX JUII U 66 310POBBIX MPOBEICHBI B
naboparopuu JeTcKuX BUpycHBIX nHpekuuit HUU Bak-
LUH U CBIBOPOTOK uM. M1.11. MeuHukoBa.

st cCpaBHUTENBHOM OLEHKH 4yBCTBUTEIBHOCTH
Y ceuu(pUIHOCTH IUArHOCTUYECKUX CUCTEM B HCCIIe-
JioBaHue Obuia B3sTa 41 mapHasi CBIBOPOTKA OT HallMeH-
TOB, MPOULIEAIINX MPOBEPKY TOYHOCTU KIMHUYECKOTO
JUarHo3a 1Mo pa3paboTaHHON MOJIENN CTaHAapPTHOTO
onpeneneHus KiuHu4Yeckoro ciydas Oll, B3sTas mpu
MOCTYIUIGHUH 3a00JIEBIIET0 B CTallMOHAp M 4epe3
10-11 nHe#t B quHAMUKE OOJIC3HU, BKJIFOYAs CHIBOPOT-
KM KpoBU 12 3a00j1€BLIMX M3 SMUAESMHUYECKOTO ouara.
I'pynmy cpaBHEHHS COCTaBWJIM CHIBOPOTKHM KPOBHU Jie-
Teil B Bo3pacTe 2 JIeT, paHee He MPUBUTHIX U HE OOJIeB-
mmwmx DI (n = 33). CeiBOpoTKH KPOBH 3200JICBIINX ObI-
JIM 3aMOPOKEHBI, IPOMAPKUPOBAHbI U HCCIIEIOBAUCH
OJTHOMOMEHTHO.

Hns mposenenuss MDA wucnonb3oBaiv  oTede-
CTBEHHBIE U 3apyOexHble TecT-cucteMbl «Bekrollapo-
tuT-IgM», «Bekrollapotut-IgG» (AO «Bektop-bect»),
U DA-ITapotut-IgM», «UDA-Ilapotur-IgG» (3A0
«9KOmnab»), «Anti-Mumps Virus ELISA-IgM», «Anti-
Mumps Virus ELISA-IgG» («Euroimmun AG»), a Tak-
K€ CJIEeIYIOIINEe KOMIOHEHTHI: TutanmeTsl i1 UDA ¢
JYHKaMu, MOKPBITBIMA aHTUTEHAMH BHpyCa MapoOTHTa
(uMMyHOCOpPOEHT), ()epMEHTHBIH KOHBIOTAT (aHTHUTENa
K UIMMYHOIIIOOYJIMHAM YeJIOBEeKa, MEUCHHBIC MEPOKCHU-
Jla30ii), TOJIOKUTEIbHBIN KOHTPOJBHBIA oOpasen (Ha
OCHOBE MHAKTUBHPOBAHHOW CBIBOPOTKH KPOBU YENO-
BEKa, COepXalluli MMMYHOITIOOYJIMHBI K BHPYCY Ma-
pOTHTa), OTpULATEIbHBI KOHTPOJILHBIN oOpasen (Ha

4 TlocraHoBiieHHe [JIABHOTO TrOCYIAPCTBEHHOTO CaHUTAPHOTO
Bpada PO or 28.01.2021 Ne 4 «O6 yTBepKICHHM CaHUTAPHBIX
npaBuwi 1 HopM CanlluH 3.3686-21 "CaHuTapHO-3IHIEMHOIO-
ruyeckue TpeboBaHus Mo NPOpUIaKTHKE HHPEKIIMOHHBIX O0e3-
Hel"».

ORIGINAL RESEARCHES

OCHOBE MHAKTHBHPOBAHHOMN CHIBOPOTKH KPOBH UEJIOBE-
Ka, HE colepKalluii IMMYHOIIOOYJIMHBI K BUPYCY Ia-
poTuTa), pacTBOP XPOMOI'€HA, PacCTBOP JUIsl pa3BeICHUs
00pa3loB, CTON-PEAareHT, KaInOpaTop JJIs MOTyKOIuIe-
CTBEHHBIX U KOJMUYECTBEHHBIX CUCTEM, aHAJTU3UPYEMBbIE
CBIBOPOTKH KpPOBU. YUET U U3MEPEHUE PE3YJbTATOB
MPOBOAWJIM Ha CHEKTPOPOTOMETPE MpH JABYX JUIMHAX
BoiH — 450 u 620-655 um. [Ipu xKauecTBEHHOM HC-
CJIEZIOBAaHUM C TIOMOIIBIO JAMArHOCTHUYECKUX CHCTEM
«DA-ITaporut-IgM», «Bekto-ITapotut-IgM», «Bek-
tollapotut-IgG» u3MEpPAIN ONTHYECKYIO IIJIOTHOCTh
(OIT) pacTBOPOB CHIBOPOTOK KPOBU HCCIIEIYEMbBIX JIHII
B JyHKaX. Ha oCHOBaHMM MOTyYEHHBIX JaHHBIX BBIYHC-
nsun Kputndeckoe 3HaueHue OI1, koTopoe cpaBHUBaIU
¢ OIT obOpa3ua u nenany 3aKIi04eHre 0 HaJJMYUU B ChI-
BOPOTKE KPOBH cHielU(UUESCKUX aHTHTEIN K Bupycy Ol

IIpy NONYKOIUYECTBEHHOM Y4YETE PpE3YJIBTAaTOB
(ompenenenue Tutpa IgG B HccaeyeMbIX CHIBOPOTKAX)
B cucteme «MPA-Ilaporut-IgG» crpomnacey xanudpo-
BOUYHAs KpuBas, Ha KoTopoil 3HaueHusM OIIl oOpasma
COOTBETCTBOBAJI ONPECNEHHBIH TUTP CeIU(PUISCKUX
antuten K Bupycy OIIl. Pesymerarel cuctemsl «Anti-
Mumps Virus ELISA-IgM» paccuuThiBajgn OTHOILIE-
nuem (Ratio) OII ob6pasua k OIl xanmubparopa. Ilpu
Ratio menee 0,8 pe3ynbrar oTMeuascs Kak OTPHUIIATEIb-
HbI, Oosee 1,1 — MONOKUTEIBHBIN, TPOMEKYTOUHOE
3HAQYEHUE — COMHUTENBHBIN pesynbrar. [Ipu xonnue-
CTBEHHOM Y4YETe pe3yJbTaToB B cucteMe «Anti-Mumps
Virus ELISA-IgG» ucnonp3oBanu 3 KanuOpoBOUHBIE
CBIBOPOTKH ¢ Ig yenoseka kposu npotus III (200, 20
U 2 OTH. €1./MJI), CTPOWIN KAJIMOPOBOYHYIO KPHBYIO,
Ha KoTopoit 3HadeHusiM OIl oOpasna cooTBETCTBOBAI
ypOBeHb crenn(pUUecKuX aHTUTeN K BUpycy JI1: oTpu-
LaTEeIbHBIA pe3ysbTaT, €CIM YPOBEHb aHTUTEN COCTa-
Bua < 16 otH. exn./mia, comaurenbusii — OIT ot 16 1o
< 22 otH. exa./mu, monoxkuTenbubii — OI1 > 22 oTH.
en./mn. KoneuHoe pasBeneHue oOpa3loOB CHIBOPOTKH
JUIS KaXKIOH TecT-cucTteMbl coctaBmiio 1 : 100.

Kpome ToOro, wuccrnemoBaiu JUarHOCTHYECKYIO
YYBCTBUTEJIBHOCTH — JI0JIIO UCTHUHHO MOJIOKHUTEIbHBIX
Pe3yABTaTOB J1a00PATOPHOTO TECTA B TPYIIIE OOJNBHBIX;
JUAarHOCTHYECKYIO CIIEM(QUIHOCTD — JIOTII0 UCTUHHO
OTPHLATENBHBIX PE3YJAbTAaTOB Ja0OpPaTOPHOTO TecTa B
rpyIIe 300POBBIX JIHILI; IHATHOCTUYECKYIO d(PPEKTUB-
HOCTb — J10J110 (B %) MCTUHHO OTPULIATENBHBIX U MO-
JIOKUTENBHBIX PE3YJIBTATOB JIAOOPAaTOPHOTO TECTa Cpe-
I BCEX pe3yJIbTaToB TeCTa.

CrarucTuyecKkuil aHanu3 BBHIIOJIHEH C MpUMEHe-
HUEM MPOrpaMMHOTO makeTa «Statistics v. 26» («IBM
SPSS»). CpaBHeHHE 4aCTOTHI KIMHUKO-Ta00paTOpHBIX
MoKa3areyieil MPOBOAWIN C HMCIOJIB30BaHUEM TaOIuIy
CONPSDKEHHOCTH 10 KpUTEPHIO X2, JI0CTOBEPHBIMH CUH-
Tanu ganabie npu p < 0,05.

PesynbraTtbl

Haubonee xapakTepHble KIMHHYSCKUE TPOSIBIIC-
nus DIl u HCA npencrasnenst Ha puc. 1. [Tpu II1 no-
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Puc. 1. YactoTta BCTpe4aeMOoCTN OCHOBHbIX KITMHNYECKMX CUMNTOMOB Cpeaun 3aboneBLUuX.

1 — cnabocTb; 2 — ronosHasi 605b; 3 — NPUNYXJIOCTb OHOW CIHOHHON Xenesbl; 4 — NpUMNyxnocTb 06erx CMIOHHBIX XeNés;
5 — 6onb B oKOMNoyLUHON obnacTu; 6 — cyxocTb Bo pTy; 7 — hebpunbHasi Temnepatypa; 8 — 6onu B XuBoTe; 9 — OpXUT;
10 — KkaTaparnbHble SIBNeHVs BEPXHUX [bIXaTemNbHbIX MyTEN.

Fig. 1. Frequency of occurrence of the main clinical symptoms among the patients (%)

1 — weakness; 2 — headache; 3 — swelling of one salivary gland; 4 — swelling of both salivary glands; 5 — pain in the parotid region;
6 — dry mouth; 7 — febrile temperature; 8 — abdominal pain; 9 — orchitis; 10 — catarrhal upper respiratory tract phenomena.

cToBepHoO yaie B cpaBHeHuu ¢ HCA numenn mecto sipko
BBIPA)KCHHbIC KIIMHUYECKUE CUMIITOMBI: C1a00CTh () =
44.2; p < 0,001), mopa>keHHuEe OKOJOYIIHBIX CIIOHHBIX
xené3 ¢ obenx cropon (x> = 27,1; p < 0,001), 6o1s B
OKOJIOYIIHBIX 00macTsax (x> = 13,6; p <0,001), cyxocTh
Bo pry ()* =21,9; p < 0,001), dpebOpuibHas Temmepary-
pa (x> =12,2; p <0,001), opxur (}* = 14,1; p < 0,001).

Haubonee xapakTepHble 1a00paTOpHBIE M3MEHeE-
Hus, ormevatonuecs npu Il u HCA, npencraieHsl
Ha puc. 2. JJoctoBepHo uame npu OIl B cpaBHeHUU
¢ HCA ormewanuce NOBBIIEHHWE YPOBHS aMuiIas3bl B

%

100 - p<0,001

p < 0,001

80 83

80

60 p <0,001

52

42
40

20

kpoBu (x> = 6,9; p = 0,009), netikonenus (x> =8,7; p =
0,004), mumdornmtos (x> = 10,5; p = 0,002), mossIire-
HHE YpOBHs auactasbl B Moue (}* = 13,4; p <0,001).
CnenmoBareanHO0, HAKM0O0JIEE YaCTHIMH KIIMHUKO-JIa-
0OpaTOpHBIMU MPU3HAKAMH, B JAHHOW MOAETH — Ou-
HApHBIMH KJIaCCH(PHUKATOPAMH, HMEIOIIMMHU TPSIMYIO
JIOCTOBEPHYIO CBfI3b C BEPOSTHOCTHIO YCTAHOBICHUS
nuarnosa DI, Ha OCHOBaHMM KOTOPBIX MOCTPOSHA Ma-
Tematudeckas mozaenb (1), okazamuch Cleayromue:
C1ab0CTh, MOPAKEHUE OKOJIOYIITHBIX CIFOHHBIX JKENIES C
00enx cTOpoH, 00JIb B OKOJIOYIIHBIX 00JIACTAX, CyXOCTh
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Puc. 2. YacToTa BCTpe4aeMOCTN OCHOBHbIX NTabopaToOpHbIX OTKMOHEHWU Cpeamn naumeHToB, %.

1 — noBbllWeHWe gnacTasbl B MoYe; 2 — MOBbILLEHNE aMunasbl B KpOBU; 3 — NENKOLMTO3; 4 — fenkoneHus; 5 — HeNTpounes;
6 — numdounTos; 7 — yBenunyeHHaa COJ.

Fig. 2. Frequency of occurrence of major laboratory abnormalities among patients, %.

1 — increased diastase in urine; 2 — increased amylase in blood; 3 — leukocytosis; 4 — leukopenia; 5 — neutrophilosis;
6 — lymphocytosis; 7 — increased ESR.
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Tabnuua 1. YyBCTBUTENBHOCTbL M CNELNMUYHOCTL KIMHMKO-NabopaTopHbIX nokasatenen B 0b6enx rpynnax HabnwoaeHus, %
Table 1. Sensitivity and specificity of clinical and laboratory parameters in both study groups, %

KnuHnyeckune npuaHaku YyBCTBUTENBHOCTb CneunduyHocTb
Clinical signs Sensitivity Specificity

Cnaboctb | Weakness 99 45
MopaeHne OKOMOYLLHbIX CIIIOHHBIX XENé3 ¢ 06enx CTOPOH 49 91
Damage to the parotid salivary glands on both sides

Bonb B okonoywHbIx obnactax | Pain in the parotid areas 100 15
CyxocTb Bo pTy | Dry mouth 39 94
®ebpunbHas Temneparypa | Febrile temperature 52 76
Asnenns opxuta | Orchitis 19 100
MoBbilweHWe ypoBHSA amunasbl B kKposu | Increased amylase levels in the blood 83 33
Ilevikonenwus | Leukopenia 24 94
JumdbouuTos | Lymphocytosis 54 73
MoBblWeHWe ypoBHSA AnacTasbl B Mode | Increased diastase levels in the urine 80 49

BO PTY, (eOpuibHasi TeMIlepaTypa, SIBICHUS OPXHTa,
MOBBIIICHUE YPOBHS aMUJIa3bl B KPOBH, JICHKONEHUS,
TUM(OIHTO3, MOBBIIIEHUE YPOBHS JHACTa3bl B MOYE.
UyBCTBUTENBHOCTh NMPU3HAKOB BapbHpoBaia oT 19 no
99%, cnenuduanocts — ot 15 no 100% (Tadum. 1).

HWcxons n3 3Ha4eHUI perpecCHOHHBIX KO QHIIU-
€HTOB MOJy4YeHHOH Maremarnueckodl moapenu (1), Ta-
KH€ KIMHHUKO-JIA00PaTOpHBIE CUMIITOMBI, KaK HaJIMuUe
y manueHTa o01el ciiabocTu, CyXoCTH BO PTY, IBYCTO-
POHHETO TOPaXEHUSI OKOJIOYIIHBIX CIIOHHBIX XKeJE3 U
MOBBIILICHUE YPOBHSI JUACTa3bl B MOUE, UMEIH MPAMYIO
CBS3b C IUarHOCTHYECKON BEpOSITHOCTHIO Hamuuust DI1.

CyxocThb BO PTY KaK KIMHUYECKHH CHMITOM
YBEJIUYMBACT IIAHCHI YCTaHOBIeHHs nuarHoza OIl B
13,7 paza, AByCTOpOHHEE MOPAKECHUE CIIOHHBIX K-
n€3 — B 6,5 pa3a, NOBBIIICHUE YPOBHs auacTasbl (500—
4300 EJl/n) — B 3,2 pa3a. Ilony4yeHHass qUarHOCTHU-
YyecKass MOJeNb XapaKTeph30Banach Ko3(h(hUIHEeHTOM
nerepmuHanui R? = 61,1; uyBCTBUTENBHOCTHIO 93% 1
cneunpuaHocTeio 67% npu p < 0,001. BrisBieHHbIH
nokasaTtenb AuarHoctudeckoi sddexrusoctu 81%
MO3BOJISIET ¢ HAaUOOJBILEH BEPOSTHOCTHIO BEpU(HIIHU-
poBath nuarxos OI1.

B xome mpoBeAEHHBIX CpaBHUTEIBHBIX Jabopa-
TOPHBIX MCCIIEAOBAaHUN CHIBOPOTOK KPOBH MAIMEHTOB,
3aboneBumx Oll, moay4eHsl JaHHBIE YyBCTBUTEIHHO-
CTH, CHEUU(PUYIHOCTH U AUATHOCTHYECKOU 3PPEKTUB-
HoctH (Tadu. 2, Tadu. 3).

IIpoBenEéHHAsA CpaBHUTENBHAS OLIEHKA UCIIOJIb3Ye-
MBIX JHarHOCTUYECKHUX CUCTEM MO3BOJINIIA YCTAHOBUTh
HanOOJBIIYI0 AUATHOCTUYECKYIO 3(PPEKTUBHOCTH CHU-
creMbl «Anti-Mumps Virus ELISA-IgM» nnst onpene-
JICHUS! YPOBHSI cieln(pUUecKuX anTuTen-IgM K Bupycy
OIl (74,3%) no cpaBHenuto ¢ «Bekrollapotur-IgM»
(65,8%) u «UDA-ITapotut-IgM» (59,4%) (* = 2,413
mpu p = 0,121; %> = 6,136 npu p = 0,014 cootBer-
CTBEHHO; Tab. 2). [Ipu onpenenennu cnenuduyeckux
IgG-anTuren k Bupycy JI1 HanOonblyl0 AMArHOCTHU-
4eckylo 3()(EeKTHBHOCTh NPOJEMOHCTPUPOBAIN CHU-
crembl «Bekrollapotut-IgG» u «MPA-ITaporut-IgG»
mo cpaBHeHuto ¢ «Anti-Mumps Virus ELISA-IgG»
(p > 0,05; Tabm. 3).

O6cyxpaeHue

B xnmnanueckoit mpaktuke DIl peructpupyercs
MPEUMYILIECTBEHHO B BUJIE KEJIE3UCTBIX KIMHUYECKUX

Tabnuua 2. Pesynstartbl CpaBHUTENLHON AMarHOCTUYECKON achbdekTUBHOCTH cucTemM B xoae NPA npu BbisBneHny cneumdum-

yeckmx IgM k Bupycy 3T B cbIBOpOTKax KPOBM NaLMEHTOB

Table 2. Results on the comparison of the diagnostic effectiveness of ELISA test systems for detection of IgM antibodies to

mumps virus in patients' blood sera

«BektollapoTtut-IgM» | «MPA-Mapotut-lgM» «Anti-Mumps
(«BekTop-BecT») («3KOnab») Virus ELISA-Ip My
WMcecnenyemble CbIBOPOTKU KPOBU «Vectoparotite-IgM» | «ELISA-Mumps-IgM» ( Euroimmug )
Tested blood serum samples («Vector-Best») («EcolLaby) « >
«t+» «=» «+» «=» «+» «=»
BonbHeble | Patients (n = 41) 15 26 11 30 22 19
3poposble | Healthy participants (n = 33) 0 33 0 33 0 33
HnarHoctuyeckas 4yBCTBUTENLHOCTL, % | Diagnostic sensitivity, % 36,6 26,8 53,7
OwnarHoctuyeckasi cneumduyHocTb, % | Diagnostic specificity, % 100,0 100,0 100,0
OunarHoctuyeckast adhdpekTnBHoOCTb, % | Diagnostic effectivenes, % 65,8 59,4 74,3
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Tabnuua 3. [laHHble CpaBHUTENBHOWM AMarHOCTUYECKON acpbdeKTUBHOCTU cucTeM B xoae DA npu BbisBneHnn cneumdurye-
ckmx 1gG k Bupycy 3l B CbIBOPOTKE KPOBM MaUMEHTOB, CCMeA0BaHHbIX B AMHAMUKe 3abonesaHus

Table 3. Results on the comparison of the diagnostic effectiveness of ELISA test systems for detection of IgG antibodies to

mumps virus in patients' blood sera tested in dynamics

«BektolMapotut-IgG» | «Bektolapotut-lgG» «Anti-Mumps
(«BekTop-bBecT») («BekTop-bect») Virus ELISA-Ip G»
Mcecnegyemble CbIBOPOTKM KPOBHM «VectoParotite-IgG» | «VectoParotite-IlgG» ( Euroimmug )
Tested blood serum samples («Vector-Best») («Vector-Best») « ”
«+» «=» «+» «—=» «+» «=»
BonbHble | Patients (n = 82) 65 17 63 19 59 23
3poposeble | Healthy participants (n = 66) 0 66 0 66 0 66
[narHoctuyeckas vyBcTBUTENBLHOCTL, % | Diagnostic sensitivity, % 79,3 76,8 71,9
OunarHoctuyeckas cneumduyuHocTb, % | Diagnostic specificity, % 100,0 100,0 100,0
[unarHoctuyeckas acpdektnBHOCTb, % | Diagnostic effectiveness, % 88,5 87,2 84,4

¢dopm. Hepenxo cpenu 3a00ieBIIMX JIMI[ MOJIOIOTO
BO3pacTa BCTPEUAIOTCS aTUMHUYHbIE (GOPMbI HHPEKINU
C YBEIIMYEHHUEM OJHOMN OKOJIOYLIHOM CIIOHHOM JKEJE3bI
1100 co cnabOBBIPAKEHHBIMH CUMIITOMaMH OOJIE3HU
Y UHalMapaHTHbIE, AUArHOCTUPYEMbIE B 3MUJEMHYE-
ckux ovarax uH(ekuu [16—18]. Perucrpanus nepu-
OJIMYECKHUX SIUAEMUYECKUX BCHBIIIEK MNapOTUTHOU
WHEKIMK Cpeau JIML MOJIOZOro Bo3pacTta Ha (oHe
MHOTOJIETHEH TMPaKTUKUA BaKIHMHOMPO(DWIAKTHKH, 3a-
TPYOHEHUS B KIMHUYECKOM AUArHOCTUKE 3a00JIeBaHMUs
B CBSI3U C BBISIBICHHEM aTUIHUYHBIX U CTEPTHIX (hopM, a
TaKKe HaJTM4ue 0COOCHHOCTEH KIMHUYECKUX MPOSIBIIC-
HUH Y B3pOCTBIX ¢ MPeodnaganueM TSHKEIOTo TEUCHUS
WHOEKIUN OINpeeTi HeoOX0OAUMOCTh Ppa3pabOTKU
quarHoctuyeckoro crangapra Oll, koTopslif OTCyT-
CTBYET B KIMHMYECKHX PEKOMEHJALMSIX (IIPOTOKOJIE
JICUEHUs]) OKa3aHWs MEAMLMHCKONW IOMOUIM JETAM,
OonbHbIM D1, U TpeOOBaHMSIX NCHCTBYIOIIUX CAaHUTAP-
Ho-3mueMuonorunueckux npasuwi CaunlluH 3.3686-21
«CaHUTapHO-3IIUAEMHUONIOTHYECKHE TpPEOOBaHUS TI0
npodunakTuke HHGEKINOHHBIX Oone3Hei». Pa3zpabo-
TaHHOE CTaH/JAapPTHOE ONpeeTeHIE KIMHUYECKOTO CITy-
yas Ol (marent Ha nzobperenue Ne 2785486 «Cnocob
JUArHOCTHKH SMUIEMUYECKOTO MapOTUTa») MO3BOJIUT
MOBBICUTh TOYHOCTh M KauecTBO AuarHoctuxu Ol 3a
KOPOTKHMH NMPOMEXYTOK BPEMEHH, YTO OTBEYAET 3ajia-
YyaM HallMOHAJbHON MPOrpaMMbl « IIMMMHUHAIUS KOPU U
KpacHyXH, JOCTHKEHHE CIIOpaJHyecKoil 3a0o1eBaeMo-
CTH dIUJeMUYeCKUM naporutoM B Pocculickoit @ene-
parum» (2021-2025 rr)».

Kak neMOHCTpUpPYIOT HacToOsIEe U paHee MpoBe-
JNEHHBIC UCCIICAOBAHUS, HA TEKYIIHI MOMEHT B CyOb-
exrax Poccuiicko denepanyy B KIMHUYECKOU MpaK-
THKE HCTIONIb3YIOTCSI OT€UECTBEHHbIE JUATHOCTUYECKUE
cucremsl «Bekrop-bect», «9KOnab», BTK «buocep-
BHC», YYBCTBUTEIBHOCTh U CIEHU(PUIHOCTH KOTOPHIX
MpUBeJIeHa B MHCTPYKLHUAX [0 UX MpUMEHEeHHI0. Bme-
CT€ C TEM CPAaBHUTENIBHYIO OLEHKY JHAarHOCTHYECKOU
CHeUn(pUIHOCTH, YyBCTBUTEIBHOCTH U 3(PPEKTUBHO-
CTH TECT-CUCTEM, 3apErMCTPUPOBAHHBIX U IpPUMEHSE-
MBIX Ha TeppuTopun Poccuu s naboparopHoro momu-

TBEPXKJEHUS TpeBapuTesibHOro auarnosa DIl y 3abo-
JICBIINX, B UIMCIOIIEHCS OTCUYSCTBCHHOMN U 3apyOekHOM
JINTEPATypEe Mbl HE BCTPETHIIU.

3aKknwuyeHune

JeranbHbli aHAMU3 KJIMHUYECKUX IPOSBICHUN
DIl mo3BONMUII OTMETHTH, YTO HAJMYUE TaKUX KIIMHU-
YeCKUX CHMIITOMOB, KaK CyXOCTb BO PTY, YBEINYHUBACT
IIaHCH ycTaHOBJIeHus auarHosda OII B 13,7 pasa, nBy-
CTOpPOHHEE MOpaKEHHE CIIIOHHBIX kelné3 — B 6,5 pasa,
MOBBILIEHHE YPOBHSI JMAcTa3bl B Moue (B AMana3oHe
500—4300 EJl/n) — B 3,2 pa3a. [lonydeHHas TuarHocTH-
Yyeckasi MaTeMaTHYecKasi MOJIeNTb XapakTepru30Baliach Ko-
s durmentom aerepmunaiuu R* = 61,1; 4yBCTBUTEIND-
HOCThIO 93% U cneruduynoCcTBIO 67% TIpH p < 0,001.
BrIsBlIeHHBINM BBICOKUM ITOKa3aTelb JUArHOCTHUYECKOM
a¢dexruBHocTr (81%) mMO3BONSET ¢ HAMOONBIICH Be-
POSITHOCTBIO yCTaHaBiIMBarh AuarHo3 DIl ¢ momomsio
CTaHJAPTHOTO OMNpEACICHUS KIMHUYECKOTO CIy4asl.
[Tpu npoBenenun auddepeHIUuaNTbHON TUArHOCTUKU
OI1 B ycnoBuUsX CIOpaInYeCcKOro ypOBHs 3a001€BaeMO-
ctu ¢ ocTpbiM HCA npu 0JHOBpEMEHHOM COUETaHUH Y
ManyenTa KINHUYECKUX CUMIITOMOB 00IIel ¢cj1aboCTH,
CYXOCTHU BO PTY, ABYCTOPOHHETO MMOPAKEHHS CIFOHHBIX
JKeJE3, TOBBILICHHUS YPOBHS THACTA3bl B MOYE TO3BOJIH-
JI0 CBOEBpPEMEHHO BepuduuupoBath auarHos JI1.

BrusiBnennass HanOonplias quarHocTayeckas d¢-
(DEKTHBHOCTb OTEUECTBEHHBIX TECT-CHCTEM B XOJ€E JH-
HAMHYECKOTO OINpeeNieHHs YPOBHA CHelH()UIecKux
IgG-antuten x Bupycy Oll, mpomeamux MnpoBepKy
TOYHOCTH C TIOMOIIBIO Pa3pabOTaHHOTO CTaHAAPTHOTO
ompeneneHus KiuHU4eckoro ciydas OIl, mo3sosser
PEKOMEH/I0BATh UX MIMPOKOE MPUMEHEHHE 15l 1adopa-
TOPHOTO MOATBepkAeHus ciydaeB Ol u uckiroueHus
MPEANOIaraeMoro MpoIyIIeHHOTO CiIy4dasi HH(EKIHH,
YCTaHOBJICHUS! TIOTCHUUAIBLHOTO MCTOYHUKA BO3OYIH-
Tesst MH(EKIUU U BEPOATHOTO MECTa 3apaskeHHS.
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YcnoBHO-NaToreHHas MUKPOOGMOTa rpyaHOro MonoKa

n aHTI/IMI/IKPOGHaﬂ dKTNBHOCTDb CbIBOPOTKN
Ha Pa3HbIX CPOKaAX NlaKTaLlnun

Ap3ymaHnsH B.I.', Konbiranosa T.U."*, BaptaHoBa H.0.', OxxoBaH 1.M.",
Kpasuosa E.O.?, 3Bepes B.B."

'HayuHo-nccnefoBaTenbCKUin UHCTUTYT BaKUVMH 1 CbIBOPOTOK UM. V.U, MeuHunkoBa, Mocksa, Poccus;
[epBblt MOCKOBCKIMIA FOCYAapCTBEHHbIN MeAULNHCKII YHUBepcuTeT nmern .M. CeueHoBa
(CeyeHoBcknn YHnepcuteT), MockBa, Poccus

AHHOMauus

Lenb: oueHKka B3anMOCBA3N MeXAY KONNYECTBOM YCNOBHO-NATOreHHbIX MUKPOOPraHNM3MOB B rpyAHOM MOMOKe U
aHTUMUKpPOBHOM akTMBHOCTEIO (AMA) ChIBOPOTKM Ha pa3HbIX CpoKax fnakTtauuu.

Martepuanbi un metogbl. 113 100 06pa3uoB rpyaHOro Moroka oT 340POBbIX KOPMSALMX MaTepen Npov3Boamv
NoceBbl Ha NIOTHbIE CENEKTUBHbIE Cpeabl, 3aTeM YNCTbIe KyNbTYpbl MMKPOOPraHn3MoB naeHTUguUmMpoBanm me-
Togom MALDI-TOF macc-cnektpomeTpumn. AMA CbIBOPOTKM OLEHMBAN METOOO0M CNeKTPOodOTOMETPUM NO OTHO-
LLEHWI0 K MogenbHow kynbType Candida albicans.

PesynsraThl. [onyyeHo 270 n3onatos, npeactasneHHbix 36 Bugamu 13 pogos yCroBHO-NATOreHHbIX 6aktepun.
Hu oguH obpasew, 13 100 He cogepxan ycrnoBHO-NaToreHHbIX rpubos. MNpeobnagatowymm asunncek ctaduno-
KOkku (7 B1OOB) n cTpenTokokku (11 Bugos). Hambonee yacto BcTpeyanuch ctacpunokokkn — S. epidermidis
(70,2%), S. aureus (20,8%) v ctpentokokkn — S. mitis (27,7%) v S. oralis (21,8%). O6was o6ceMeHEHHOCTb
(mepuana) ycrnoBHo-naToreHHbIMK HGakTepusimu mMornoamea coctasuna 7-9 x 103 KOE/mn, nepexogHoro Moso-
ka — 4 x 10° KOE/mn, 3penoro monoka — 5 x 102 KOE/mn. AMA cbiBopoTku Morio3uBa cocTtaensna 87,4—89,4%,
nepexogHoro mornoka — 88,2%, 3penoro mornoka — 63,4-81,9%. O6waa o6ceMeHEHHOCTb MMena BbICOKYHO
ob6paTHyto Koppensumio ¢ nepnogom naktauum (r = —0,806) n Beicokyto npsimyto koppensumio ¢ AMA cbiBOPOTKM
(r=0,699). Npun 3TOM 3HAYMMOE CHMXKEHNE 0BCEMEHEHHOCTM OTMEYEHO nocrne 1 Mec OT Havana nakrauum, Torga
Kak 3Ha4nmoe cHuxeHne AMA — nocne 8 mec.

3aknto4yeHue. YCTaHOBMEHO, YTO CHUXEHUE 00LLen 06CEMEHEHHOCTM IPYAHOIO MOJSIOKA YCMOBHO-NATOreHHbIMU
BGakTepnsaMM No Mepe yBeNnYeHUs Cpoka NakTaluum NepBnYHO NO OTHOLIEHUIO K CHUKeHuto AMA cbiBopoTku. Ta-
KM o6pasom, nameHeHve akTopoB aHTUMUKPOBHOM 3aLLMTLI CbIBOPOTKM FPYAHOrO MOMOKa NPOUCXOAUT B OTBET
Ha n3mMeHeHve o6bEMma yCroBHO-NAaTOreHHON MUKPOBUOTHI.

KnioueBble cnoBa: MUKpOﬁUOM, apyOHoe MOIJI10KO, nepuodb/ JlakKmauyuu, aHmUMUKpO6HaFI aKmueHoCmb

Amu4yeckoe ymeepxdeHue. VlccnenoaHve npoBoannock Npu 4o06POBOILHOM MHOPMMPOBAHHOM COrflacuu nauw-
eHToB. [poTokon nccnepoBaHnsa ofobpeH dTuyeckum kommtetom HMULL akywepcTtsa, rMHEKONOrnn 1 NepuHaTonorumn
nmeHun akagemuka B.U. Kynakosa (npotokon Ne 7-4326/2021 ot 03.09.2021).

BnazodapHocms. Bbipaxaem 6narogapHocTb HaumMoHanbHOMY MeaMUMHCKOMY WMCCRenoBaTerlbCKOMY LIEHTPY aKy-
LLepCTBa, MMHEKOMNOrMK 1 NepuHaTornorum nmeHn akagemuka B.M. Kynakosa, B yactHocTn ampektopy MHCTUTyTa Heo-
HaTornoruv u neamatpum npodeccopy Buktopy Bacunbesuyy 3y6koBy, 3a NpeaocTaBreHHblii MaTepuarn u CoTpyaHuye-
CTBO NpW NPOBEAEHNWN UCCIIEA0BaHNSI.

McmoyHuk pbuHaHcuposaHusi. iccnegosaHve BbINMOMHEHO C UCMOMb30BaHWEM Hay4YHoro o6opyaoBaHus LieHTpa Kor-
nekTnBHoro nonb3oBaxus «HANBC um. U.UN. MeyHnkoBa» npu comHaHCOBOW noaaepke npoekta Poccuiickon depne-
pauven B nuue MuHobHaykn Poccun, CornawweHune Ne 075-15-2021-676 ot 28.07.2021.

KoHgbniukm uHmepecoe. ABTOPbI AeKNapUpPYT OTCYTCTBUE SIBHBIX M MOTEHLMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEen cTaTbu.

Anst yumupoeaHus: Ap3ymaHsiH B.I"., KonbiraHosa T.W., BaptaHoBa H.O., OxoBaH U.M., KpaBuosa E.O., 3eepes B.B.
YcnoBHo-naToreHHast MMKpobuoTa rpyaHOro Moroka 1 aHTUMUKPOBOHasA akTMBHOCTb CbIBOPOTKM Ha Pa3HbIX Cpokax nak-
Tauun. XKypHan mukpobuonoauu, anudemuonozuu u ummyHobuonozuu. 2023;100(1):74-83.
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Opportunistic microbiota of breast milk and antimicrobial
activity of milk whey at different periods of lactation

Vera G. Arzumanian’, Tatyana l. Kolyganova'?*, Nune O. Vartanova', Irina M. Ozhovan’,
Elena O. Kravtsova?, Vitaly V. Zverev'?

. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russia;
2First Moscow State Medical University (Sechenov University), Moscow, Russia

Abstract

Object of study. The evaluation of the interaction between breast milk opportunistic microorganisms abundance
and the milk whey antimicrobial activity at different periods of lactation.

Materials and methods. 100 samples of breast milk from healthy breastfeeding mothers were inoculated
on solid selective media, and then pure cultures of microorganisms were identified by MALDI-TOF mass
spectrometry. The antimicrobial activity of the whey against a model culture of Candida albicans was evaluated
by spectrophotometry.

Results. 270 isolates represented by 36 species of 13 genera of opportunistic bacteria were obtained. None of
the 100 samples contained opportunistic fungi. Staphylococci (7 species) and streptococci (11 species) were
predominant. The most common were staphylococci — S. epidermidis (70.2%) and S. aureus (20.8%), and
streptococci — S. mitis (27.7%) and S. oralis (21.8%). The total contamination (median) of opportunistic bacteria
in the colostrum was 7—9 x 103 CFU/ml, transitional milk — 4 x 10® CFU/mI, mature milk — 5 x 102 CFU/ml. The
antimicrobial activity of colostrum whey was 87.4—-89.4%; transitional milk — 88.2%; mature milk — 63.4—81.9%.
The total contamination had a high inverse correlation with the lactation period (r = —-0.806) and a high positive
correlation with the antimicrobial activity of whey (r = 0.699). Meanwhile, a significant decrease in contamination
was noted after 1 month from the beginning of lactation, while a significant decrease in antimicrobial activity was
observed after 8 months.

Conclusions. The decrease of the breast milk contamination by opportunistic bacteria during the lactation period
was found to be primary compared to the decrease of the whey antimicrobial activity. Thus, changes in the whey
antimicrobial protection factors occur in response to changes of the opportunistic microbiota abundance.

Keywords: microbiome, breast milk, lactation periods, antimicrobial activity
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BeBepeHune

I'pyanoe monoko (I'M) siBiisieTcsl HE TOJIBKO OITH-
MaJIbHBIM HCTOYHUKOM ITUTATENLHBIX BEIIECTB [T MJIa-
JCHLA, HO U 3alIMIIaeT ero OT MHPEKUHH ¢ MOMOIIBIO
Habopa aHTUMUKPOOHBIX CyOCTaHIUH — MMMYHOIJIO-
OyJIMHOB ¥ aHTUMHKPOOHBIX nentuioB [1]. Panee I'M
CUUTANM CTEPWIIbHOW >KUAKOCTHIO, OJHAKO OKa3ajocCh,
YTO OHO COACPIKUT MHOKECTBO POJIOB/BUIOB MHKPOOP-
rann3MoB. CerofHsi MOXKHO CUUTATh JOKa3aHHBIM, YTO
MukpooroM I'M u ero meTaboNIHUTHl 00ECIEYNBAIOT HE

TOJIBKO HOPMAJIbHOE Pa3BUTHE KUILEYHOH MUKPOOHOTHI
MJIaJIeHI[a, HO ¥ €r0 UMMYHHYIO 3a1uTy [2—6]. B cBs3u
C TIOATBEP)KAEHHBIMU MPEUMYIIECTBAMHU, KOTOPHIE Ja-
ér mukpobuom I'M, ero Hanuume cranu cuutarh Qu-
3U0JI0TrM4eCKO HOpMOU. ECcTh MHEHME, UTO KUIIEYHAs
MHUKpoOnoTa pebéHka GopMUpyeTcss U3 MHKPOOHOTHI
MaTepH, B YaCTHOCTH, HACENAIOUIEH KOXKY, MOJOYHbIE
MPOTOKH U, Oosiee Toro, kuieuHuk [7]. [TokazaHo, 4uto
JICHJPUTHBIE KIIETKU PEeryjaspHO HapylLIlaroT UHTECTH-
HaJIBHBIA SMUTENHi, 3aXBaThIBas XHUBbIC OaKTepHud U
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JIOCTaBJIsiE UX B ME3CHTCPHAJIbHBIC JUMQpATUYCCKUC
y3JIbl, OTKY/Ia OHH 3aT€M Yepe3 TUMPATUICCKYI0 CUCTE-
My MONAJA0T B JUCTANLHBIC yuacTKu Tena. OOpainaet
Ha ce0s BHUMaHHE TOT (akT, YTo pasHooOpasme Oak-
TEPHiA, HACEIISAIONINX KUIICUHUK MJIAJICHIIA, HEBEJIMKO:
OYEBUJIHO, YTO Tepe/iaya MUKPOOUOTHI U3 KUIICYHUKA
MarepH ¢ TMM(OTOKOM KacaeTcsi He BCeX BUIOB MUKPO-
opraHusMoB [8].

C mnoMOIIbI TPAAUIUOHHBIX KYJIBTYPAIbHBIX
METO/IOB U MOJICKY/JISPHBIX METOAMK, TO3BOJISIFOIIUX
uaeHTuduumposats 6akrepuansuyto JHK, onpenerne-
HBI CJICYIOIUE KJIACChl DaKTepuii:

» Firmicutes: Staphylococcus, Streptococcus,
Veillonella, Gemella, Enterococcus, Clostridia,
Bifidobacterium, Lactobacillus;

* Actinobacteria: Propionibacterium, Actinomyces,
Corynebacterium,

* Proteobacteria: Pseudomonas, Sphingomonas,
Serratia, Escherichia, Enterobacter, Ralstonia,
Bradyrhizobium;

* Bacteroidetes: Prevotella [9].

OTOT CNHCOK MOCTOSIHHO OOHOBISIETCS, MPUYEM
YCTaHOBJICHO TaKK€ HAJIUYMEC BHPYCOB M MUKDPOMH-
uetoB [7]. HauGonee uacro BcTpevaromumucs B I'M
MUKPOOpPraHU3MaMH SIBJISIOTCS CTa(DUIOKOKKHU, B 4aCT-
Hoctu Staphylococcus epidermidis, 1 CTPEITOKOKKH
[7,10, 11]. PacnpocTpaHEHHOCTH TaKOH TUMMYHOM JJIsT
I'M rpynmbl OakTepuid, Kak JJaKTOOAMILIbI, 3HAYUTEIb-
HO BapbUPYET, TOTJla KaK OOMJIME M PacHpOCTpaHEH-
HOCTh OnpunodaKTepHii JOBOJIHHO HU3KHE.

B mpornecce nakranmu cocraB Mukpoouoma I'M
MeHSETCA. YCTaHOBIEHO, YTO 001as Ouomacca Gakre-
puii B MOJIO3UBE HUXKE, YEM B MEPEXOIHOM U 3PEIOM
MOJIOKE, HO BHUJIOBOE pa3HooOpasue Bbimie [12, 13].
[TokazaHo, YTO YPOBHHM THIHYHBIX 3HTEPOOAKTEPHH,
Takux Kak Bifidobacterium spp. u Enterococcus spp.,
MOBBIIIAIOTCS C YBEIIMYCHUEM CPOKa JIAKTAIIUH, YTO, O
MHEHHUIO aBTOPOB, MOATBEPKAACT MPOAOIKAIOIIYIOCS
TPaAHCIOKAIMIO OaKTEepHii U3 TaCTPOUHTECTHHAIHLHOTO
TpakTa mMatepu [13, 14].

PaHee HamMu yCTaHOBJICHO, YTO IO MEpE yBEIUYC-
HUSl TIEPUOJIA JIAKTALMKM AHTUMHUKPOOHAs aKTUBHOCTH
(AMA) ceiBopotku ['M 3HaunTenbHO cHMXKadack [15],
4T0 ObLIO OOYCIIOBJICHO CHIIKEHHEM YpPOBHEH CeKpe-
TOPHOTO MMMYyHOIIoOynuHa kiacca A (sIgA), makro-
(depprHa U CBIBOPOTOUHOTO anbOymuHa [16].

Henbio HacTosIIeH PaOOTHI SBUIACH OIICHKA B3a-
UMOCBSI3U MEXIy HAJIMYMEM/KOHIICHTpAIMel YCIIOB-
HO-TIaTOT€HHBIX MUKpoopranu3smMoB I'M u AMA criBo-
POTKH Ha pa3HbIX CPOKaX JaKTaIlUH.

MaTepman bl N meToabl

O6pazupl I'M nonywanu ot 100 300pOBBIX KOp-
MSIIUX Mareped Ha pa3HOM CpPOKE JIaKTalluu (Bo3pacTe
pe6énka). Ilepen cuexusanuem ['M cocok u apeony
00pabaTblBali MBUIBHBIM PAacCTBOPOM W MPOMBIBAIIH
Teriol Bogod. ['M cobupanu B CTEpUIIbHBIN OJHOpA-

ORIGINAL RESEARCHES

30BBIH KOHTEHHED U B TeueHHe | 4 JOCTaBIIsUTH B 1a00-
paropuIo, rie IpOU3BOIMIIN MTOCEBHI Ha yamiku [letpu ¢
IUIOTHBIMU CENEKTUBHBIMH CPEJlaMH: IIUTATENbHAs Cpe-
na Ne 10 I'PM st BeIieeHus cTaUI0KOKKOB ¢ 100aB-
nenueM simuHoro xenrtka ([HI [IMB, O6oneHck); arap
Ouno-I'PM nns BeigeneHust sHTepoOaktepuid (['HIL
[IMB, O6onenck); nurarensHas cpena Ne 2 I'PM, Ca-
Oypo, s Beiaesnenus rpudos (I'HL IIMB, O6onenck);
nutarensHeii ['PM-arap (FHL[ [IMB, O6oneHck) c
nobasnenneM 5% CTEpUIBHON epuOpUHHUPOBaHHON
nomaguHoi kKpoBu (3AO «3Jkomady»); UriSelect 4 s
BBIJICJICHUsI ypOIIaTOTeHHBIX Oaktepuil («Bio-Rady).
[ocesl nnkyoupoBanu 1-2 cyt npu 37°C B a3p0oOHBIX
1 aHadpOOHBIX YCIIOBUSX.

Janee myTéM nepeceBoB MOILyYaau YACTHIE Kylb-
TYpPBl MHKpPOOpPraHu3MoB. WaeHTH(UKAMIO YUCTHIX
KYJABTYP MHKPOOPTaHH3MOB IMPOBOAMIM C ITOMOIIBIO
MALDI-TOF wMacc-cnektpoMeTpuun Ha mpubope
«MALDI Biotyper Sirius RUO System» («Bruker»).
st 3TOro oHy H30JIMPOBAHHYIO KOJIOHHUIO CBEXEU
YUCTOWH KyNbTYpbl MHUKPOOPTAHM3MOB HAHOCHIIHM OJI-
HOPa30BOM MHKPOOHOJIOTHUECKON MHETINEH Ha JIyHKY
MHUILIEHU CielHalbHON macTuHbl (MSP-unma). Cpasy
MocJie BBICBIXaHUsl OMoMacchl MUILIEHH 00padaThIBaIN
1-2 mxs 70% MypaBbUHOM KHCIOTHI JUISl KCTPAKIMH
MUKpOOHBIX OenkoB. [lamee Ha MUIIEHH HAHOCHIIU
1-2 M1 MaTpHLbl (anb(a-nuano-4-ruJpOKCUKOPHYHON
KHCJIOTHI B BOJHOM pacTBOpE alleTOHUTpWIIA U TpUQ-
TOPYKCYCHON KHUCJIOTBI) JIJISi MOHU3AIMH MUKPOOHBIX
MENTUAOB, TOCIIE YEeTO TUIACTHHY MOMEIIain B mpruOop
u npoBonwin MC-unentudukanuio. Pesynsrar uueH-
TU(PHUKALUN CYUTAIH JOCTOBEPHBIM, €CU KO3 PHULIH-
€HT COOTBETCTBUS ¢ 0a30i maHHBIX (Score) ObuT Oosiee
win paseH 2,0. [{nst Oonee Touno#t nuddepeHnuanuu
Streptococcus pneumoniae ot S. mitis u S. oralis cra-
BIJIM ONITOXUHOBBIN TECT U JIENIA MUKPOCKOITUIO Ma3-
KOB, OKpaleHHbIX 1o I'pamy. Score He menee 2,0, mo-
JIOKUTEIBHBII ONTOXUHOBBIN TECT ¥ HAJIMYUE JIAHIIETO-
BUJIHBIX TUTIOKOKKOB JJaBajli OCHOBAHUE CUUTATh, YTO
M30JIAT OTHOCHUTCH K S. pneumoniae.

[Ipu nmomyuenuu cbIBOPOTKH 1,5 MI1 pasMopokeH-
Horo I'M nentpudyruposanu co ckopoctbo 16 000 06/
MUH B TCUCHUE 5 MUH, COOUPAITH HUKHIOIO (DPAKIIHIO, HE
COZIePIKAIILY 0 XKHPOB, M K Hell 100aBIISIIN aIUKBOTY pac-
TBOpa JJUMOHHOM KUCIOTHI Ui yiajaeHus KazeuHa [1].
[Tocne uHKyOaMK TPU KOMHATHOM TEMIIEpaType B Te-
YEeHUE 5 MUH CMeCh LHEHTPU(PYTHPOBAIN CO CKOPOCTHIO
16 000 06/muH B Teyenue 10 MuH, a OTY4YEHHBIH Cy-
[IEPHATAHT (CHIBOPOTKY) UCIIOIB30BAJIN JUI OIpeserie-
Hus AMA.

AMA CHIBOPOTKHU OIICHUBAJIM METOJIOM CIIEKTPO-
(doTOMETpUH IO OTHOLICHHUIO K MOJIEIBHOH KYIBType
Candida albicans [17]. dnst atoro 300 MK CBIBOPOT-
ku (ombiT) win 300 MK QHU3HONIOrHYECKOrO pacTBopa
(xoHTpONB) coemuHAU ¢ 50 MKI CyCHEH3UU KIETOK
Candida albicans Ne 927 (xomnexkuus HUMBC wum.
WN.1. MeunukoBa), nmoiy4eHHoi u3 pacuéra 1 MUKpo-
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ouonoruyeckas newis B 50 Mk, CycneH3u0 UHKyOu-
poBanu nipu 32°C B TeueHue 2 4 Ha IIeHKepe, LIEHTPU-
¢yruposanu 5 muH nipu 16 000 06/MuH, CynepHaTaHThI
yAQIISLIIN, a K ocaakam go6asisiiu o 300 Mk pacTBopa
OpoMKpe3010BOro mypnypHoro B ¢ocharnom Oyde-
pe (pH 4,6). Ilocne sToro mpoObl HHKYOHpPOBAIH MpU
32°C B TeueHue 45 MUH Ha LIEHKepe W LEHTPUPYTHU-
poBaiu B TOM ke pexume. Ocaiku MUKPOCKOIIUPOBa-
nu npu cymMmapHoMm yeenudeHuu 1750 («JIOMO») u
¢dororpadpupoBanu unppoBoil Kamepoi «Sony», a 1o
50 MKJI cynepHaTaHTOB COSIUHITH ¢ 2,5 M hocdaTHo-
ro Oydepa pH 4,6 u u3Mepsin ONTHYECKYIO TNIOTHOCTh
(OIT) monyueHnHsix Ha crnekrpodoromerpe «Genesys
10S UV-Visy» npu anunHe BoiHbl 440 HM. AKTUBHOCTB
paccunThiBau Kak pazHocTh Ol Mex 1y KOHTPOIBHBIM
U ONBITHBIM 00pa3uoM, oTHecéHHYI0 K OIl KoHTpOIIB-
HOTO 00pa3la 1 BEIPaXEHHYIO B IIPOLICHTAX.

CrarucTU4YecKHii aHaJIM3 MPOBOAWIN C TIOMOMIBIO
nporpammel «Microsoft Excel 2019».

Pesynbratbl

B Hacrosiiem uccieoBaHuM HE CTaBWIIACh 1€
OIPENCNUTh BCE BHUIBI MUKPOOPTraHU3MOB, IMPHCYT-
cTByromue B I'M, a TONBKO Te, KOTOPBIE SIBIISAIOTCS yC-
JIOBHO-TIaToreHHBbIMU. Hu onuH ob6pasen u3 100 He co-
Jiep>kKajl yCIOBHO-MATOTCHHBIX TPUOOB.

B tadn. 1 ykazaHbel BUJBI YCIOBHO-IIATOT€HHBIX
Oakrepuii, BeigeneHHbIX u3 100 obpasmos I'M: 270
M30JISTOB TpeacTaBieHbl 36 Bumamu 13 pomos. [lpe-
o0JIaaroIIUMU SIBISIOTCS CTaIOKOKKH (7 BUJIIOB) H
crpentokokku (11 Bumos). Hambonee yacto (cBble
20%) BcTpevaroTcsi CTaQUIIOKOKKU — S. epidermidis,
S. aureus u crpentokokku — S. mitis u S. oralis
(pucyHoK, a). OctanbHble poAbl OaKTepHid MpeacTaB-
nensl 1-3 BugamMu, npu4éM HEKOTOPhIE U3 OMYyYEHHBIX
M30JIATOB, TaAKKE KaK Enterococcus sp., Corynebacterium
sp., Rothia sp., Neisseria sp. u Gemella sp., He yna-
JI0Ch MJCHTU(UIMPOBATh 10 YPOBHS BHUJA, NaXe MPH-
MEHUB Takol coBpeMeHHbIM MeTon, kak MALDI-TOF
Macc-criekrpomeTpus. OOpamjaer Ha ceOs BHHUMaHUE
TOT (haKT, uTo 00ceMeHEHHOCTH | M cTadMIIOKOKKaMH 1
cTpenTokokkamu BaperpoBana oT 102 g0 10° KOE/mu,
Torga Kak MakchMajbHas Ouomacca Oaktepuid
(10* KOE/Mi1 1 BBIIIE) XapaKTepHA TSt PEIKO BCTpeya-
IOLIUXCSL BUJIOB, Takux Kak P. amylolyticus, B. subtilis
u ap. (PUCYHOK, 6).

B Ta6u. 2 npencraBieHsl AaHHBIE, Kacaroluecs
B3aUMOCBSI3M MEXAY MEepUoIoM JakTanuu, AMA cbI-
BOPOTKH U HAJTMYHEM MUKpoopranu3mMoB B M. O6pas-
el ['M OblH pasneneHsl Ha TPYINbBl B COOTBETCTBUU
C MEepHOOM JaKTauuu: 1-s1 rpynma — 1-2-cyTouHoe
MOJIO3HBO; 2-51 — 3-CyTOUHOE MOJIO3UBO; 3-51 — Mepe-
xonnoe I'M 4 cyt — 1 mec; 4-1 — 3penoe ['M 3-8 mec;
5-s — 3penoe ['M crapuie 9 mec. Jlns kaxaoro nepu-
oJla JTAaKTaI[MK ONpPEAETICHbl M pACCUUTaHbI CIIEAYIOLINE
nokazarenn: AMA ChIBOPOTKH, YacTOTa BCTpeyaeMo-
CTH U 00CeMEeHEHHOCTh HamboJiee 3HAYUMBIMH BU/Ia-

Ta6bnuua 1. Bugosoe pa3Hoobpasne U3onsiToB, Nomy4YeHHbIX
13 100 ob6pasuos M

Table 1. Species diversity of isolates obtained from
100 samples of breast milk

Poabl Buapl Yucno nsonartos
Genus Species Number of isolates
Staphylococcus S. epidermidis 71
S. aureus 21
S. haemolyticus 13
S. lugdunensis 9
S. hominis 9
S. warneri 5
S. pasteuri 1
Streptococcus S. mitis 28
S. oralis 22
S. parasanguinis 20
S. vestibularis 13
S. salivarius 11
S. pneumoniae 5
S. peroris 1
S. agalactiae 1
S. pseudopneumoniae 1
S. constellatus 1
S. infantis 1
Enterococcus Enterococcus sp. 2
Bacillus B. subtilis 2
Enterobacter E. cloaceae 1
Escherichia E. coli 1
Corynebacterium Corynebacterium sp.
C. tuberculostearicum 2
C. argentoratense 1
Klebsiella K. oxytoca 2
K. pneumoniae 1
Paenibacillus P. amylolyticus 1
Rothia Rothia Sp. 3
R. mucilaginosa 2
Neisseria N. subflava 4
N. flavescens 2
Neisseria sp. 1
Kocuria K. kristinae 1
Gemella G. haemolysans 7
Gemella sp. 1
WTtoro Wtoro WTtoro
pogoB — 13 BnaoB — 36 n3onatoB — 270
Total Total Total
genus — 13 species — 36 isolates — 270




78

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(1)

DOI: https://doi.org/10.36233/0372-9311-352

K. kristinae

E. coli

E. cloaceae

S. infantis

S. constellatus
S. pseudopneumoniae
S. peroris

S. agalactiae

S. pasteuri

P. amylolyticus
B. cereus

B. subtilis
Enterococcus sp.
Klebsiella sp.

S. pneumoniae
Rothia spp.
Corynebacterium sp.
S. warneri
Neisseria spp.

G. haemolysans
S. hominis

S. lugdunensis
S. salivarius

S. vestibularis

S. haemolyticus
S. parasanguinis
S. aureus

S. oralis

S. mitis

S. epidermidis

0 20 40 60 80

ORIGINAL RESEARCHES

6|b

K. kristinae

E. coli

E. cloaceae

S. infantis

S. constellatus
S. pseudopneumoniae
S. peroris

S. agalactiae

S. pasteuri

P. amylolyticus
B. cereus

B. subtilis
Enterococcus sp.
Klebsiella sp.

S. pneumoniae
Rothia spp.
Corynebacterium sp.
S. warneri
Neisseria spp.

G. haemolysans
S. hominis

S. lugdunensis
S. salivarius

S. vestibularis

S. haemolyticus
S. parasanguinis
S. aureus

S. oralis

S. mitis

S. epidermidis

Mukpo6rom M 340pOBbIX KEHLLVWH.

a — YyacTtoTa BCTPe4aeMOCTH YCMNOBHO-NaTOrEHHbIX MUKPOOPraHM3MOB B LieNoM Mo Bcew Bbibopke, %;
6 — obcemeHEHHOCTb (MeamaHa), log (KOE/mn).

Microbiome of the healthy women’s breast milk.
a — prevalence of opportunistic microorganisms in the whole sample, %; b — contamination (median), log (CFU/ml).

MU, CyMMapHas 00CEeMEHEHHOCTh 00pa3LoB B JTaHHOM
TpyIIe U UX BUIOBOE pa3HooOpasue.

Ycranorineno, uto AMA CBIBOPOTKH OOpaTHO
NPOMOPLUUOHANIbHA IEPUOAY JAaKTALMH, HA YTO yKa3bl-
BalOT OTPHIIATEILHOE BBICOKOE 3HadeHue Kod(hduiu-
€HTa KOPPEeJSLMU U 3HAYMMBIC Pa3Indus BEJIMUUH aK-
TUBHOCTH 1-i 1 5-i1 rpymnm (p < 0,001). Yactora BeTpe-
4aeMOCTH M 00CeMEHEHHOCTE S. epidermidis oOpaTHO
KOPPEJIMPOBaN C MEPUOAOM JakTauuu (Tadj. 2), HO
ObUIM TIPSIMO TIpONOpUHOHANEHEI AMA CBIBOPOTOK.
Ta e 3aKOHOMEPHOCTh, HO MEHEee BhIpaKeHHasl, UMe-
na mecto jis S. mitis u S. oralis. ckiiroueHue cpeau
YacTO BCTPEUAIOLIMXCS BUIOB COCTaBISUT S. aureus.
Hpyrumu crnoBamu, nepBble 3 BuAa mpeodiagand B
paHHEM MOJIO3UBE, TOTAA KakK S. aureus — B IEPEXOA-
HOM MOJIOKE.

Cpenu BUIOB, HE OTHOCSIIUXCS K CTA(UIOKOKKaM
U CTPENTOKOKKaM, npeodnaaan G. haemolysans, npu-
4éM OH BCTpEYaJICsl TONBKO B Mosio3uBe. KommuecTBo
00pa3LoB ¢ MaKCUMaJILHOW CyMMapHO# 06ceMeHEHHO-
cteio — Bbiire 10* KOE/min B 1-if rpymie coctaBuio
54,5%, Bo 2-it — 42,1%, B 3-it — 23,1%, B 4-it —
10,5%, B 5-it — 5,3%. CymmapHas MukpoOHasi o0ceme-
HEHHOCTH ' M, o1leHEHHAs B BUAE MEAWAH 110 CPYIIaM,
nuMela BBICOKYIO OOpaTHYI0 KOPPENALUIO C MEePUOIOM
JIaKTallMM ¥ BBICOKYIO MpsAMYI0 Koppensauuio ¢ AMA
CBIBOPOTKH (Tadu. 2). [Ipu 3TOM Hambosee 3HaYMMOE
CHIDKCHHE 00CEMEHEHHOCTH OTMEUEHO IPH MEpexoje
oT 3-ii rpynmsl K 4-i (mocne 1 mMec jJakTanuu), Toraa
Kak HanboJiee 3HAUMMOE CHHXKCHUE aKTUBHOCTH HMe-
JI0O MECTO MOKE — MpU nepexoe oT 4-i k 5-i rpymnmne
(mocne 8 mec makranuu). [pyrumMu cioBaMu, CHUXKe-
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S. epidermidis, KOTOpBIA sIBISIETCS MapKEPOM, OTIH-
YalOUIMM MUKPOOMOM KUIICYHUKA MIIaZICHIIEB, HAXOIs-
HIMXCSl HA TPYJHOM M Ha HCKYCCTBEHHOM BCKapMIIMBa-
HuM [24]. B TO *%e BpeMs 3TOT BUJ OaKTepuil HacesieT
3I0POBYIO KOXKY UeJoBeKa [25], MOATOMY BIIOJHE MOHSI-
TeH UCTOYHHK ero B 'M. Takoii Buj cTaQuI0KOKKOB, KaK
S. aureus, TOXe YaCTO BCTpEUaeTCs Ha KOXE 4elloBe-
Ka B HOpME — IMoKa3aHo ero Hamuuue y 30,8% iro-
el 0e3 KIMHUYECKUX CHMIITOMOB KOXKHBIX 3a00J1eBa-
Hull [26]. HexoTtopble BUABI CTPENTOKOKKOB, a TaKXkKe
Gemella spp. u Rothia spp. cUMTaOT HOPMaJIbHBIMU
oOHuTaTens Ml MOJOCTH PTa, MOITOMY OHH MOTYT TO-
nacte B ['M HenocpeacTBeHHo ot muanenna [27]. Oxn-
HAaKO BO3MOXKEH U OOpaTHBIM MEpEeHOC, MOCKOIBbKY dTH
MHUKPOOPTaHU3MbI OOHAPYKUBAJIH B TOPOAOBBIX BbI/IE-
JICHUSAX U3 MOJOYHBIX ken€3 [28]. B monb3y 3T0r0 CBU-
JETEIbCTBYET OOHAPY)KEHHOE B JAHHOM HCCIICAOBAaHUN
npucyrcrBue G. haemolysans uMeHHO B 1-3-cyTOYHOM
MOJIO3UBE.

Hannbie mo obcemenénnoctu ['M ycioBHO-ma-
TOTCHHBIMH MHUKPOOPTraHH3MaMH B pa3HbIE MEPUOIbI
JaKTalUl HECKOJIBKO IPOTHBOpeuuBHl. Hampumep,
MOKa3aHo, YTO 00Iee KOJMYECTBO MHUKPOOPTraHU3MOB
B MoJo3uBe cocrasisno 10°-10° KOE/mi, Torja Kak B
3peNioM U IIEPEXOTHOM MOJIOKE OHO OBLIIO MPHUMEPHO Ha
nopsaok Beiiie [29]. Ilpu 3TOM CTPENTOKOKKU U CTa-
¢unokokku cocrapisuiu 1o 10°—~10* KOE/min u npakTu-
YeCKH HE MEHSUINCH C YBEJIMYCHHUEM CPOKa JIAKTAIIHH.
Hanporus, B apyroit pabore mokasaHo, 4to craguio-
KOKKH U CTPENTOKOKKH Hapsily ¢ HEKOTOPBIMHU JIpYTH-
MU BHJAM{ 3aHMMaid OONBLIYIO YacTb MHUKpoOMoMa
MOJIO3MBa, TOTAAa KAaK UX COAEP)KaHHE B IEPEXOJHOM
U 3pesioM MoJIoKe ObuIo 3HaumTenbHO Hipke [30]. Oba
9THX UCCICIOBAHHS MPOBEAEHBI MOJEKYISIPHBIMH Me-
TogaMu. B HacTosIeM uccienoBaHUM MOKa3aHO, YTO
10 Mepe YBEJIIMUEHUsI CPOKa JIAKTALlMH MagaeT HE TOJb-
KO COJEp)KaHHE >KU3HECIOCOOHBIX KIETOK cTadmuio-
KOKKOB M CTPENTOKOKKOB, HO M 00mas 6uomacca yc-
JIOBHO-TIIATOTEHHBIX OakTepuii. B To ke BpeMs BUIoBOE
pasHooOpa3ue B MOJIO3MBE B I[EJIOM HECKOJIBKO BBILIE,
YeM B IIEPEXOJHOM U 3pejoM MOJIOKE, YTO COorylacyer-
Csl C IaHHBIMU Apyrux aBTopoB [7]. OOpainaeT Ha ceost
BHUMaHHUE TOT (paKT, 4To paHHee MOJI03uBO (1-2-e cyT-
KH) 110 BUJIOBOMY pa3HooOpa3uto OeHee, 4eM 3-CyTou-
HOE MOJIO3UBO.

Panee namm mnokazano, yto AMA CBIBOPOTKH
ObUIa MAKCHMAJIBHOW B Hayalle JaKTalluH, HO M0 Mepe
YBEJIUUEHHS MEpUoJa JIaKTallui 3HAYMMO CHW)KaJach,
KOppenupys ¢ KoHUIeHTpanusmu sIgA, maxrodeppu-
Ha W CHIBOPOTOYHOTO ajbOyMHHA, KOTOpPBIE COCTaB-
JSIFOT HauOOJIBIIMK MPOTHBOMUKPOOHBIH TOTEHIIHAI
ceiBOpoTKH [16]. B pabore P. Mastromarino u coagr.
MOKa3aHO, YTO COJep)KaHHE OCHOBHOTO aHTUMHKPOO-
Horo nentuaa I'M — naktodepprHa — He KOppeu-
poBajio ¢ coaepkaHHeM OM(HUIO- U JTAKTOOAKTEePHIA:
YpOBEHb JakTo(hepprHa CHIDKAJICA MpPU Hepexojne OT
MOJIO3MBa K 3peioMy MOJOKY, TOTJa KaKk KOHIIEHTpa-
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LUl HOPMaJIBHOH MUKPOQIIOPHI OCTaBalIaCh Ha TOM K€
ypoBae — 10> KOE/mn naktob6armmt u 10° KOE/mn
oudunodakrepuii [31]. Jannbie 0 B3auMocssizu sIgA
1 MUKPOOHOTHI ITPEJICTaBIEHBI JIUILb UCCIIEIOBAHUIMU
MHUKpOOHOMa KUIICYHUKA HOBOPOXKAEHHBIX, HO HE MU-
kpobOuoma 'M [32].

Camxenue AMA CBIBOPOTKHM MOATBEPKIACHO U
B HACTOSIIEM HCCIIEIOBAaHUH, IIPU ITOM YCTaHOBJIEHO,
4yTo 00Imas 00CeMEeHEHHOCTh MOJIOKa YCJIOBHO-IATO-
TeHHBIMM MHKPOOpPIaHHW3MaMU U HUX BUAOBOE pPa3HO-
o0pa3ue TaKKe YMEHBIIAJIHCh B YKa3aHHBIA MEPHO.
[Ipu 3TOM 3HaYMMOE CHMKEHHE 00CEeMEHEHHOCTH OT-
Me4eHO rocje 1 Mec OT Hadaja JIaKTalluH, TOTa Kak
3HauuMoe cHikeHue AMA — nocne 8 mec. To ecTh
n3MeHeHue (PaKTOPOB aHTUMHUKPOOHOM 3allUThI ChIBO-
potku I'M npoucxoauT B OTBET Ha U3MEHEHHE OroMac-
CBl YCIIOBHO-TTaTOr€HHON MUKpOOHOTHI. [TogoOHBIX Hc-
CJICJIOBaHUH B JOCTYITHOM JIUTEPATYPE HE OOHAPYKEHO.
[TpuunHOI TEPBUYHOTO CHIKEHHs OMOMAcchl yCJIOB-
HO-TIATOTEHHBIX OaKTepui MOTYT OBITh KaK UX KOHKY-
PEHTHBIE B3aMMOOTHOIIECHHUSI ¢ HOPMOOMOTHYECKHUMHU
BUJAaMH, TaK U pacTymuii 00béM npoussogumoro I'M
IIpH NIEPEXO0/IE K 3PEIOMY MOJIOKY.
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AHHOMauus

BeegeHue. OHOM U3 OCHOBHbIX 3afay crneunduyeckon NpounakTMkM YymMbl OCcTaétca paspaboTka BakuuH u
CXEM WX MPUMEHEHUS, HanpaBneHHbIX Ha MOBbILeHNEe 3PPEKTUBHOCTU BaKUMHALMU 3@ CHET UCMONb30BaHNUS
afbOBAHTOB Y MIMMYHOMOAYMSITOPOB.

Llenb uccnegoBaHus — cpaBHUTENbHas! OLlEHKa AENCTBUS NTEKAapCTBEHHbIX NpenapartoB 13 rpynbl CUHTETUYE-
CKUX MMMYHOMOZYINATOPOB HA MMMYHOTEHHbIE U MPOTEKTUBHbIE CBOWCTBA BaKUMHHOIO Wtamma Yersinia pestis
EV nuHum HUNSI B MmogenbHbIX OnbiTax Ha XUBOTHbIX.

Matepuanb! u metoabl. benbix Mbilen 1 MOPCKMX CBUHOK UMMYHU3NPOBanu BakUMHHbIM LUTaMMoM Y. pestis EV
nvHun HAWGT. 2KuBoTHbIM ONbITHBIX rpynn BBoaunu onuronentugel O1 (TpeoHun-rnyTaMun-nma3nn-nnsun-aprm-
HUN-aprMHUN-rNyTaMuUn-TPEOHUN-BaNUN-rnyTamMmnn-apruHun-rnytamun-nnaunn-rinytamar), O2 (rmytamun-umncremn-
HUN-rMUKH guHatpus) u O3 (apruHun-ansga-acnapTun-nu3un-Banun-TMpo3nn-apriHuH) 3a 1 4 4o BakumMHaumu
Mnn TpexkpaTHO nepepq 3apaxeHueM. Ha 3, 14 n 21-e cyTkn uccnegosann aHTUTENO- N LUTOKMHONPOAYKLUMIO.
3apaxarnu TecT-wrammom Y. pestis 231(708) B nose 400 J10,,.

PesynbraTtbl. OgHOKpaTHOE BBEAEHWE UMMYHOMOAYNSTOPOB 32 1 4 4O BaKUMHALUW HE BMUSNO Ha 3HA4YeHue
cpeaHen ummyHuampytollen aossl (ImD,): 5860 (O1), 5860 (02), 6454 (O3) n 6876 (koHTporb) KOE ans Genbix
Mbiwen n 446 (01), 551 (02), 446 (03) n 578 (konTponb) KOE anst Mopckmx CBUHOK. TpexkpaTHoe BBeAEHME npe-
napaTtoB BaKLMHUPOBaHHbLIM XWUBOTHbIM C Y>Ke ChOpPMUPOBAHHBIM UMMYHUTETOM NMPUBOAMUIIO K CHUKEHMWIO NOKa-
satenen ImD, Y. pestis nuHnmn EV HAW3T B rpynne ¢ O1 B 2,2 pasa (Mbilumn) 1 1,8 pasa (Mopckue cBuHKK), ¢ O2 1
O3 B 1,2 pa3a He3aB1CMMO OT BUOMOAENM MO CPABHEHUIO C KOHTPOMEM. YCTaHOBINEHO CTUMYNUPYHOLLEE BAUSHWE
01 n O3 Ha npoaykuuto aHTuTen k F1 yymHoro mmkpoba 1 LMTOKUHOB MHTEpdepoHa-y, nHTepnerkmHa-10.
3akntoyeHue. BoisBneH CTMMynvpyloLWwni NOTEHUMAN CUHTETUMECKMX UMMYHOMOAYNSITOPOB HA UMMYHHYHO CU-
ctemy 6uomogenen, MMMYHU3MpoBaHHbIX Y. pestis nuHun EV HUN3T, uTo onpeaenseT nepCcnekTMBHOCTbL Uccre-
[OBaHU N0 COBEPLLEHCTBOBAHUIO CXEM BaKLMHONPOMUMAKTUKM HYyMbI.

KnioueBble cnoBa: Yyma, Xxueas 4ymHas eaKUuHa, UMMyHOMOOy]'IHmOpr, npomeKkmueHocmp, UMMYHO2€eH-
HOCMb, npodyunaKmUKa, UUMOKUHbI

Amuyeckoe ymeepxdeHue. ABTOpbl NOATBEPXAAIOT COBNoAeHNe MHCTUTYLMOHAIBHBIX U HALMOHanNbHbIX CTaHaap-
TOB MO MCMOMb30BaHNIO NTabopaToOpPHbLIX XUBOTHBLIX B cOOTBETCTBUM C «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). Npotokon uccneposaHusi ogobpeH Komuccuei no 61oatuke Poccuiickoro npoTMBOYYMHOIO MH-
ctutyta «Mukpob» (npotokonbl Ne 6 ot 14.04.2021, Ne 11 ot 07.12.2021, Ne 2 ot 17.02.2022).

UcmoyHuk d)UHaHCUpOSGHUﬂ. ABTOpbI 3a8BNSAIOT o6 OTCYTCTBUU BHELLHEro hrHaHCUPOBaHWA NPU NPOBEAEHUM UC-
cnegoBaHuA.

KoHgbniukm uHmepecoe. ABTOPbI AeKNapUpPYT OTCYTCTBUE SIBHBIX M MOTEHLMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEN cTaTbu.

Anst yumupoeaHrus: NoH4aposa A.HO., Byropkosa C.A., LLlykoBckas T.H. [NoBbilLeHNEe MMMYHOTEHHOM 1 NPOTEKTUBHOMN
aKTUBHOCTW BaKUMHHOrO WTamma Yersinia pestis EV nuHun HAN3T ¢ ucnonb3oBaHMeM CUHTETUHECKUX MMMYHOMOAY-
natopos. )KypHan mukpobuosnoauu, sanudemuonozauu u ummyHobuonozuu. 2023;100(1):84-94.
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Increasing the immunogenic and protective activity of the vaccine
strain Yersinia pestis EV line NIIEG using syntheticimmunomodulators

Anastasiya Yu. Goncharova®™, Svetlana A. Bugorkova, Tatyana N. Shchukovskaya

Russian Research Anti-Plague Institute "Microbe", Saratov, Russia

Abstract

Introduction. One of the main tasks of specific plague prevention remains the development of vaccines and
their application schemes aimed at improving the effectiveness of vaccination through the use of adjuvants and
immunomodulators.

The purpose of the study were comparative evaluation of the effect of drugs from the group of synthetic
immunomodulators on the immunogenic and protective properties of the Yersinia pestis EV line NIIEG vaccine
strain in model animal experiments.

Materials and methods. White mice and guinea pigs were immunized with the vaccine strain Y. pestis EV line
NIIEG. The animals of the experimental groups were injected with oligopeptides O1 (Threonyl-glutamyl-lysyl-
lysyl-arginyl-arginyl-glutamyl-threonyl-valyl-glutamyl-arginyl-glutamyl-lysyl-glutamate), O2 (Glutamyl-cysteinyl-
glycine disodium) and O3 (Arginyl-alpha-aspartyl-lysyl-valyl-tyrosyl-arginine) one hour before vaccination or three
times before infection. On days 3, 14 and 21, antibody and cytokine products were studied. Animals were infected
with the test strain Y. pestis 231(708) at a dose of 400 LD,

Results. It was found that a single administration of immunomodulators 1 hour before vaccination did not
change the susceptibility of animals to the plague microbe: ImD,, = 5860 (O1); 5860 (02); 6454 (O3) and 6876
(control) CFU for white mice and 446 (O1), 551 (02), 446 (O3) and 578 (control) CFU for guinea pigs. Three-time
administration of drugs to vaccinated animals led to a decrease in the ImD, Y. pestis EV line NIIEG indicators in
the group with O1 by 2.2 times (mice) and 1.8 times (guinea pigs), with O2 and O3 by 1.2 times, regardless of the
biomodel compared with the control. The stimulating effect of O1 and O3 on the production of antibodies to F1 of
the plague microbe and cytokines interferon-gamma, interleukin-10 has been established.

Conclusion. The stimulating potential of synthetic immunomodulators on the immune system of biomodels im-
munized by Y. pestis EV line NIIEG has been demonstrated, which determines the prospects of research to
improve the schemes of prophylactic vaccination against plague.

Keywords: plague, live plague vaccine, immunomodulators, productivity, immunogenicity, prevention, cytokines
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BeepeHue Haa3opa u 48 1eHTpaNbHOTO HAy4YHO-UCCIIEN0BATE b~

Peanuzauus coBpeMeHHOW mapaaurMbl BaKIIUHO-
npouIaKTHKH, obecneynBaeMol pa3paboTkoi ang-
(epeHIIMPOBaHHBIX MOIXOA0B K BaKIIMHALIUY C IIEJIbIO
cozfanus 3h(HEeKTUBHOTO MMMYHHUTETA Y KXKIO0T0 MpU-
BHBAaEMOTO 4YEJIOBEKa, IMOAPa3yMeBacT BO3MOKHOCTh
MEePCOHN(PHUIMPOBAHHOTO MCIONB30BaHUS Pa3HBIX 103
U CXeM BakIHMHAIMH, & TAKXKe paclIMpeHHe apceHala
aIbIOBAaHTOB, IMMYHOMOJYJIAITOPOB, IMTOKWHOB M JI0-
MOJHUTENBHBIX CPEJCTB CTUMYIISIIUM UMMYHHOTO OT-
Beta. B Poccun ans cnenmduveckord npoduinakTUKu
YyMbl IpUMEHseTCsl BakuuHa dyyMmHas xuBasg (BUXK)
npousBoacTBa CTaBpOMOIBCKOTO HAy4YHO-MCCIIE0Ba-
TENbCKOTO TMPOTHBOYYMHOTO HMHCTHTYTa PocmoTpe6-

cKoro uHcTUTYyTa MuHHCTEpcTBa 000pOoHBI PD. Takske
JUIEH3UPOBaH Mpenapar — BaKIMHA YyMHas MoJie-
KyJIsipHass MHKpouHKancynupoBanHas (BUMM) nmns
[IPUMEHEHUS JIMYHOMY COCTaBy BOMCK MuHucrepcrsa
00oponsl PO 1 MUC, neiicTBYIOINX B YpE3BBIYAHHBIX
cutyanumsix [1].

BYX mnpencrapnser coboil IHOGUIU3UPOBAH-
HYIO JKHUBYIO KYJIBTYPY BakIMHHOTO IITaMMa YyMHOI'O
Mukpoba Yersinia pestis EV muaun HUUDT. Tlocne
BaKIMHALUK y OONBLUIMHCTBA MPUBUTHIX (HOPMUpPYET-
csl HamnpsHKEHHBI MMMYHHUTET MPOAOJIKUTEIBHOCTHIO
6—12 mec, Ka4eCTBO U JIUTEIBHOCTH KOTOPOTO 3aBH-
CAT OT BO3pPAcCTa, KOJMYECTBA MNpPEIbIIyIIUX BaKIU-
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HallM{d TPOTHB 3TOW WMH(EKUUU U HHIUBHIYATBHBIX
0COOEHHOCTEH TeHETHYECKOr0 MOJIMMOpP(H3Ma T'€HOB
HLA [2]. Muoronetnuii onbiT npuMenenus BUX cBu-
JETENbCTBYET O HEOOXOOMMOCTH COBEPIICHCTBOBAHUS
MOAXOJIOB K crenn(puieckoi NpoUITaKTUKE YyMbl IS
co3aanus 3Q(HEeKTUBHOTO IMMYHUTETA Y K&XKAO0TO NpH-
BHBaeMOTO YEJIOBEKA.

Ecnu npu paspaborke CyObEAMHUYHBIX BaKIUH
NpUMEHEHUE UMMYHOMOIYIATOPOB U aIbIOBAHTOB pe-
HraeT 3aJadyy ONTUMAalbHOTO MPEACTABICHUS aHTUTe-
HOB IMMYHHOH CHCTEME, CIOCOOCTBYS (HOPMHUPOBAHHIO
BBIPOKEHHOTO MMMYHHOTO OTBETa C aKTHUBAaIMEH Kak
TYMOpaJbHbBIX, TAK U KJIETOYHBIX peakuuit [3], To B uc-
CJIEJOBAHUAX IO COUETAHHOMY BBEICHUIO BAKIIMHHOTO
mramma Y. pestis EV nmuaun HUUOT ¢ a3okcumepom
Opomuza (IONIMOKCUAOHUHN) [4], CHHTETHYECKUM aHa-
JIoroM Jiei-sHKedaninHa (1anaprud) 1 CHHTETUYECKUM
aHasnoroMm nsycnupansHod PHK (;uranga TLR3) —
(Poly(I:C)) [5], pekOMOMHAHTHBIM YEJIOBEYCCKUM HH-
tepheponom-y (MDPH-y) (unrapon) [6], pekoMOUHAHT-
HBIM UHTEpJICUKUHOM-1P (Oeranelikun) [7] HE TOJIBKO
MOJTy4eH CTUMYIHUPYIOMWUH 3QdeKT BakKuUHALUK, HO U
OTIpeeNICHbl TOYKH BO3MOXKHOTO BO3/EHCTBUS Ha UM-
MYHHYIO CHCTEMY B Pa3JUuHBbIC MEPUOABI UMMYyHOTe-
He3a.

OnHako BBIOOD MMMYHOMOAYJISTOpA HE JOJKCH
ObITH HSMIUpHYECKHM. B BbIOOpe mpemapara st mo-
TEHIUUPOBAHUS IEHCTBUS BaKIIMHBI B)KHO YUUTHIBATH
MEXaHU3M M HalpaBICHHOCTh JCHCTBUS UMMYHOMO-
OyJIATOpa Ha T€ WIM MHbIE 3BEHbS MMMYHHOW CHCTE-
MHI [8]. B 3aBUCHMOCTH OT MPOUCXOKACHUS UMMYHO-
MOAYJSTOPHl ACISAT Ha MHUKpPOOHBIE, PAaCTHTENBHBIC,
YenoBeyecKrue (IHIOTEHHBIE), aHAJOTH IMPHUPOTHBIX
COCAMHEHHH, MOTY4YEeHHBIE TyTEM XUMHUYECKOTO CUHTE-
32 WIN C TIOMOIIBI0 PEKOMOMHAHTHBIX TEXHOJOTHH,
CHUHTETHYECKUEe UMMYHOMOAYISITOpHL [9]. IIporpecc B
00J1aCTH JIeKapCTBEHHBIX CPECTB THMHUYECKOTO IPOHC-
XOKJI€HU 1IEN 110 JIMHUU co3aHus npenaparos 11 u 111
MOKOJICHUH — CHHTETUYECKUX aHaJIOTOB MPHUPOAHBIX
TOPMOHOB TUMYCa HJIM (PParMeHTOB STHX T'OPMOHOB,
obnamaromux OMoakTUBHOCTHIO. Ha ocHOBE ogHOTO M3
(parMeHTOB, BKIIOYAIOIIET0 AMHHOKUCIOTHBIE OCTaT-
KM aKTUBHOTO LIEHTPa TUMOIIO3THHA, ObUT CO3/1aH CHH-
TETHYECKUH TeKCalenTH], apruHII-aib(a-acrmapTui-
JIU3WIT-BaJIWI-THPO3WII-apTUHUH (MMMyHOJaH), o0a-
JAIOIIUI BBIPAKEHHBIMH WMMYHOCTHUMYJIHPYIOLIMMHU
cBoiictBamu [9, 10]. K kmaccy THOOATHHOB U3 IPYTIIIEI
XUMHAYECKH YHCTHIX CHHTETHYECKHX HH3KOMOJIEKY-
JSIPHBIX UMMYHOMOJIYJISITOPOB OTHOCHUTCSI CHHTETHYE-
CKUIl OJMIONENTHI TIyTaKCUM — DIyTaMUJI-LUCTe-
VHWI-TJIMLIAH JIAHATPUS, YCWIMBAIOIIMI KOCTHOMO3-
TOBOE KPOBETBOPEHHE, AKTUBUPYIOLIMHA (HarouuTos,
BOCCTaHABIMBAIOLINK (DYHKIMOHAIBHYIO aKTHBHOCTD
MakpoQaroB, WHULUUPYIOIUA CHCTEMY LUTOKHHOB,
sputpomnostuHa [11, 12]. Ipyroit HU3KOMOIEKYIIpHBIH
OJIUTOIENTUA — TEeHOH COCTOUT M3 14 aMMHOKHUCIOT
(Thr-Glu-Lys-Lys-Arg-Arg-Glu-Thr-Val-Glu-Arg-Glu-

ORIGINAL RESEARCHES

Lys-Glu) u BebIBaeT nponykuuto o- u f-MOH; mobu-
JM3YeT ¥ aKTUBUPYET MaKpodar, CTUMYIUPYeET KIETO4-
HBIHA U r'yMopaiibHbIi uMMyHHTET [9, 13]. 1 XOTS Bee 3t
Mpenaparbl XapakTepu3yeT CXOAHbIA MEXaHU3M BO3EH-
CTBMS Ha MMMYHHYIO CHCTEMY MaKpOOpraHu3Ma, Tpe-
OyeT yTOUHEHUs HalpaBJICHHOCTb NIMMYHOMOIYJIUPYIO-
LIETO BIMSHUS TAHHBIX CHHTETUUECKHUX OJIMTONENTHAOB
B YCJIOBHSIX COYETAaHHOTO MPUMEHEHHUS! C BaKIMHHBIM
mramMMmoM Y. pestis EV nuann HAMOT.

Hens uccnenoBaHuss — cpaBHUTEIbHAsI OLIECH-
Ka JIeHCTBUS JIEKAPCTBEHHBIX MPENapaToB M3 TPYIIIBI
CUHTETHYECKUX MMMYHOMOJYISITOPOB HA UMMYHOI'€H-
HBbIC U TPOTEKTHBHBIE CBOWCTBA BAKIWHHOTO IITaMMa
Y pestis EV nmuanu HUWUOT' B MONEIBHBIX OMBITaX HA
KUBOTHBIX.

MaTepman bl 1 MeToAbl

UImammel

B pabore wucmonp30BadM BaKIWHHBIA IITAaMM
Y. pestis EV nuann HUWOI' u BupynaeHTHBIN mTamMmm
Y. pestis 231(708) ocHOBHOTO MOJIBU/A, MOJYYCHHBIC
u3 locynapcTBeHHON KONJICKIIMM MAaTOTeHHBIX OakTte-
puit PocHUITYU «Mukpo6» Pociorpednanzopa.

MmmyHomoOynupytouwjue npenapamei

Onuronentun 1 — Ol (TpeoHMWI-IIIyTaMUI-JIU-
3WI-JIA3WI-apT HHIIT-apTHHIII-TITY TAMHJI-TPEOHUII-Ba-
JUI-TITy TAMUJI-apTUHUI-TITY TAMUAJI-TU3UI-TITy TaMaT;
DIIyTOKCHM), oiuronentun 2 — O2 (TyTaMuiI-uucTen-
HUJ-TJIMLIWH AUHATPUS; TeNOH) U onuromnentug 3 — O3
(aprununn-anbda-acnapTHI-IN3UI-BaTHI-THPO3HI-ap-
TUHHH; UMyHO(DaH), BCE Mpernaparbl pOCCHICKOTO MPo-
u3Boactea. /lo3bl mpenaparos (Tada. 1) Obutn BEIOpa-
HBI ¢ y4€TOM JaHHBIX JIUTEPaTypbl M Ha OCHOBaHUU
MPeABAPUTENBHBIX PE3yNbTaTOB COOCTBEHHBIX HCCIIE-
JIOBaHMH.

JlabopamopHvle XusomHele

OKCHEepUMEHTHI TPOBOAMIN Ha OeciopoaHbIX Oe-
JIBIX MbIIax Maccor 17,5 + 2,5 r 1 Ha MOPCKUX CBUH-
Kax Maccod 275 + 25 1, MONy4EeHHBIX U3 MUTOMHHKA
PocHUITYU «Mukpo6». MaHUYJISIIMY C dKUBOTHBIMU,
a TaKKe BBIBEJICHHUE UX U3 KCIIEPUMEHTA OCYIIECTBIS-
JI1 B COOTBETCTBUHU C 3aKOHOJATENbCTBOM Pocculickont
Oenepanuu [14] u Qupextusoii Ne 2010/63/EC Espo-
neiickoro napiamenta u Cosera EBponeiickoro corosa
ot 22.09.2010 «O 3amuTe )KUBOTHBIX, UCIIOIB3YIOIIUX-
s 17151 Hay4yHBIX 1enei» [15]. IlpoTokon uccneaoBanmii
onobpen Komuccueit no 6mostuke npu PocHUITUU
«Muxpo6» (nporoxonsl Ne 6 ot 14.04.2021, Ne 11 ot
07.12.2021, Ne 2 ot 17.02.2022).

[MTumameneHeie cpedebl

KynbeTypbl mraMMoB BbIpaliMBaJId Ha arape XoT-
tunrepa pH 7,2 + 0,1 (mpousBoactBo PocHUITHN
«MuKpoO»).
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Tabnuua 1. MNpenapartsbl, MICNONb30BaHHbIE AN UMMYHU3aLMWM BUONPOGHBIX KNBOTHBLIX
Table 1. Preparations used for immunization of biomodel animals

Mpenapart, ncnonb30BaHHbIM
ONs UMMyHMU3aLnn

MMmyHM3auus 6ecnopofHbix 6enbix Mblllein
Immunization of outbred white mice

MMMyHM3aumsa 6ecnopofHbIX MOPCKUX CBUHOK
Immunization of outbred guinea pigs

The preparation used
for immunization no3sa, mkr | dose, ug n p[o3a, Mkr | dose, ug n
o1 10 40* + 80** + 40*** 100 12* + 15**
02 30 40* + 80** + 40*** 300 14* + 15**
03 1 40* + 80** + 40*** 10 12* + 15

MpuMeyaHue. * — XNBOTHbIE, UMMYHU3NPOBAHHbIE OAHOKPATHO; ** — XWBOTHbIE, UMMYHVU3MPOBAHHbIE TPEXKPATHO;

*kk

OueHka UMMYHO2eHHOCMU
unpomekmusHocmu

OneHKy BIUSHHUS IMMYHOMOIYJIMPYIOLINX ITperna-
paToB Ha MOKa3aTeJId MUMMYHOT€HHOCTH U IPOTEKTUBHO-
CTHU BakIMHHOTO mTamma Y. pestis EV nunuun HUUOT
NpoBOAMIIM B cooTBeTcTBUM ¢ MY 3.3.1.1113-02
«OcHoBHBIE TPeOOBaHMsI K BAKIMHHBIM [ITAMMaM YyM-
HOro MuKpoOa» [16]. PaccuuteiBaim uMMyHH3HPYIO-
myto 103y (ImD, ), sammmaroryro 50% BakuuHupO-
BaHHBIX JKMBOTHBIX OT JIETAJIbHOTO 3apa)KCHHUs BUPY-
JIeHTHBIM mTammoM Y. pestis 231(708) na 21-e cyTku
IocJie BaKIUHALWH.

Jns aToro 6ecnoponHbix Oenbix Mblmei (mo 10
oco0ell Ha KaXIyl0 MMMYHU3UPYIOIYIO 03y) UMMY-
HU3HUPOBAJIH 2-CyTOUHON arapoBoil KyJabTypoil BaKLIMH-
Horo mramma Y. pestis EV nmuanun HUUDID mogkox-
HO B jgo3ax 2 x 10% 10%, 5 x 10° u 2,5 x 10* KOE B
o6béme 0,2 M. JKMBOTHBIM ONBITHBIX Tpymm 3a 1 4 10
BakIMHaIUK (1-1 cxema) U TPEXKPATHO JI0 3apaskeHUs
(2-1 cxema) MOIKOKHO BBOAMIIA OJUTONENTHABI 1, 2 1
3 B gozax 10, 30 u 1 MKr cooTBeTCTBEHHO. MOpCKUX
CBHHOK MMMYHHU3HPOBAIIM MOJKOKHO B 00JacTh BEpX-
HEll TpeTu mpaBoro Oeapa 2-CyTOYHOH arapoBOi KyJib-
typoit Y. pestis EV muuun HUUDT B mo3zax 4 x 10!,
2 x 10% 10% 5 x 10° KOE B 06néMme 0,5 mu. JKusot-
HBIM OIBITHBIX Ipynmn 3a 1 4 no BakumHamuu (1 cxe-
Ma) U TPEXKpPaTHO A0 3apakeHus (2 cxema) MOIKOKHO
BBOAMIM onuronentunsl 1, 2 u 3. Ha 21-e cyTku mno-
clle UMMYHHU3allUM BCEX JKMBOTHBIX 3apakajiu Kyjb-
Typoil BHUPYJIEHTHOTO LITaMMa OCHOBHOIO IIO/IBHJA
Y. pestis 231(708) B mnoze 400 JIJI,, moxkoxHO B 00-
JIacTh BEpXHEH TPeTH JIeBOro Oeapa.

st onpenenenus 3HaueHus JIJ1, | 3apaxaromiero
mramma Y. pestis 231(708) UHTAKTHBIX OECIIOPOIHBIX
OeJbIX MBIIIEH MOIKOXKHO 3apaykald TECT-LITAMMOM
Y. pestis 231(708) B nATUKpPaTHO BO3PACTAOIICH KOH-
nenrpanuu ot 1 o 125 KOE. HaGmonenue 3a xu-
BOTHBIMH ocyuiecTBisuin B Teuenue 20 cyT. ['mbenn
OT YyMbI IOATBEPK1aIH HAIMYNEM XapaKTepPHBIX IS
YyMHOW WH(EKLUUU MaToJOro-aHaTOMUYECKHUX H3Me-
HEHHH, YyMHOT0 MUKpoOa B OKpalIeHHBIX Mo ['pamy
Ma3Kax — OTIeYaTKaX OpPraHOB MaBIIMX >KUBOTHBIX,
MOJIOKUTEIBHOTO pE3yabTaTa BHICEBOB U3 OpPraHOB
1 KpPOBM Ha IUIACTUHKH arapa XortuHrepa pH 7,2 +

— MBOTHblE, UCMOMNb30BaHHbIE ANs onpeaeneHns sHadeHus J1I, .
Note. * — animals immunized once; ** — animals immunized three times;

*kk

— animals used to determine the LD,

0,1, comepxaiue CTHUMYJISATOP POCTa CYJIb(QUT Ha-
tpus (0,024 = 0,001%) u renuuansuoner (0,0045 +
0,0005%).

LjumokuHoswblili npoguse

Omnpenenennie ypoBHs NPOAYKUMH LHUTOKWHOB
npoBoawin Ha 3, 14 u 21-e cyTKM MMMYyHOTE€HE3a C
MOMOIIIBI0 TBEPMO(PAZHOTO UMMYHO(PEPMEHTHOTO aHa-
aM3a ¢ TPUMEHEHHEM KOMMEPYECKHX TECT-CUCTEM
(«BioScience») Ha aBTOMaTHYECKOM UMMYHO(pEPMEHT-
HoM aHanuzatope «Lazurit» («Dynex Technologies»)
npu anuHe BoMHBI 450 HM. /{1 OLleHKH OpomyKuuu
uutoknHoB M®H-y n unrepneiikuna-10 (11JI-10) Be-
HO3HYIO KpOBb C aHTHUKOArymsHroM (remapud, OAO
«CuHte3») pa3BoawiIn B cooTHomeHuu 1 : 4 cpemoi
RPMI-1640 («PanEco»), comepxameit 100 mKr/miu
renTamuiuna («Mocxumdapmnpenapats! um. H.A. Ce-
MaIllKO»), 3aTeM JAeNWIM Ha 2 paBHble 4yacTH. B on-
Hy 4acTh BHOocuiau 100 Mkn T-K1eTOYHOro MHUTOTeHa
KOHKaHaBajdnHa A («Sigma») B KOHEYHOHW KOHIICH-
Tpauuu 15 MKr/mn (MHIYUMpPOBaHHAs MPOAYKIHS),
B Apyryto — 100 MKI (HU3HOIOTHUECKOTO pacTBoOpa
(cmonTanHas npoxykuus). O6pas3ibl HHKYOUPOBaIN B
teuenue 24 4 npu 37°C [17]. Ilocne uHKyOanuu Kiet-
KA OC&KAAIM LEHTPU(PYTHPOBAaHUEM B CTaHAAPTHBIX
YCIIOBUSIX U OTOMpAIN CylepHaTaHTEhI.

BeissneHue cneuud)uquKux anmumers

Crnenuduueckne aHTUTENa K KarncyJlbHOMY aH-
TureHy uymHoro mukpoba (F1) ompeaensiiu B cbiBo-
POTKE KPOBHU IKCHEPUMEHTANBHBIX KUBOTHBIX Ha 21-¢
CYTKHM UMMYHOT€HE3a METOZOM TBEPI0(]a3HOro HMMY-
HO(EPMEHTHOTO aHajIM3a C UCIOIb30BaHUEM KOMMeEp-
yeckoil TecT-cucteMbl «MIDA-AT-D1 Yersinia pestisy»
(PocHUITYU «Mukpo6»). AKTUBHOCTb aHTUTEN B Chl-
BOPOTKE OTIPEEIISUIN B 3 MOBTOpaX U BHIPAXKaH B BUJE
00paTHOTO CPEAHEreOMETPUIECKOTO TUTPA U €T0 Cpell-
HEH KBaJpaTu4ecKor OIIHOKH.

Mopghonozuyeckue ucciedosaHus

MakpoCKOIIMYECKUE HM3MEHEHUS Yy YMEPILIBIEH-
HBIX XJIOPO(OPMOM >KMBOTHBIX ONHUCHIBAIN TIO CTaH-
JApTHOM cxeMe, yUUThIBas XapakTep U 00bEM MOBpPEX-
JIEHUs1 BO BHYTPEHHUX OpraHax. [{jisi THCTOI0THYeCKOro
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uccienoBanus B 10% BOAHBIA HEUTpaATBHBIA PAaCTBOP
(dopmanuHa 3a0Upany KyCOYKH BHYTPEHHHX OpPTaHOB
(nmeyeHb, TOYKH, Cele3EHKA, THMYC, JTUM(aTHYeCKUE
y37bl, HAAMIOYCUHUKH, cepaile, nérkue). U3 ¢uxcupo-
BAaHHOTO MaTepHaja, MPUMEHSS CTaHIAPTHYIO CXEMY
NPOBOAKH TUCTOJOTHYECKOTO Marepuaa, TOTOBHIIH
napapuHOBbIe OJOKH. [OTOBBIE MOMYTOHKHE CpPE3bI
OpraHOB, OKpallleHHbIE T€MAaTOKCHJIMHOM WU J03HHOM,
NPOCMAaTpUBAIN B CBETOBOM MHKpockome «Olympus
CX41» («Olympus»), pukcupys pe3ynbTaT ¢ MOMO-
mibto nudppoBoit kamepsl «VZ-C31S» («VideoZavr») B
nporpamme «VideoZavr v. 1.5».

Cmamucmuyeckue Memoobl

Craructudeckyto 0o0pabOTKy BKCIEepUMEHTalb-
HBIX JaHHBIX NPOBOAWIN C HCIOJIb30BaHUEM CTaH-
nmaptHoro makera mporpamm «Microsoft Office Excel
2010» n «Statistica 10.0» («StatSoft Inc.»). Bzaumo-
CBSI3b MEXKIly IEPEMEHHBIMHU ONPEEIISUIA C TOMOLIBIO
PaHrOBOTO KOPPEIALMOHHOTO aHanu3a no Crnupmeny.
Jannble npencrasisuiv B Buae M + m, tne M — cpen-
Hee 3Ha4YCHHE, /M — CPeIHss KBaJpaTHuecKkas ommnoKa
cpenHeit apudmernyeckoil. [l0CTOBEpHOCTh pa3inyHii
CpaBHUBAEMBIX BEJIMYMH OLIEHUBAIHU C MOMOILIBIO Hap-
Horo t-kputepus CtbronenTa. Koppemnsuuio cuurtaiu
nocrosepHoii npu p < 0,05. Benuuunst ImD,j u JIJI,
paccunteiBanu mo merony Kepbepa B Moaudukanmu
W.I1. Ammapuna u A.A. BopoObesa [18].

PesynbraTbl

Ha mepBom srane npooaumu pacuer JI/L, 3apa-
JKAIOILIETO BUPYJIEHTHOTO ITaMMa OCHOBHOTO MOJBHU/IA
Y. pestis 231(708) u ouleHKy BIMSAHUA UMMYHOMOZYJISA-
topoB Ol, O2 u O3 na usmenenue nokasarens JIJI
3apakarolliero BHPYJICHTHOTO IITaMMa OCHOBHOTO

ORIGINAL RESEARCHES

nonsuna Y. pestis 231(708). HeBakumHUpOBaHHBIM
KUBOTHBIM TI€pe]] 3apakKeHUEM TPEXKPATHO MOAKOKHO
BBOJIMJIN MMMYHOMOJYJSITOPEL. Eciau A MHTaKTHBIX
Oenbix mMpruieid JIJ[, mramma Y. pestis 231(708) cocra-
Buia 5 (4-6) KOE, To B rpymme >KHBOTHBIX, KOTOPBIM
nepes 3apakeHneM TPEXKPATHO MOJKOKHO OB BBEAEH
ummyHomonyistop O1, — 16 (13—18) KOE, T.e. Ob11
B 3 pasa BhIlE, YeM y HEMMMYHU3UPOBAHHBIX )KUBOT-
HBIX (puc. 1, @), 1 KOpPEIUPOBaJI C YBEIUICHUEM CpPEl-
Hel MPOIOKUTETBHOCTH )KU3HHU Y MABLIMX KUBOTHBIX
3TOM TPyMIbI B cpenHeM Ha 36 4 (puc. 1, 6). [Ipume-
HeHue uMMyHoMonyasiTopoB O2 u O3 B aHamOTUYHOM
CXeMe CYILIECTBEHHO HE BJIMSAJIO Ha pa3BUTHE UYMHOM
uHpeKmK y 6MOMOJIENH 1 He U3MEHIO 3Hauenue JIJ1,
3apakarollero mramMmma.

Jeticmeue onuzonenmuoHeix
UMMYHOMOOQY/IAMOPO8 8 YCJ1I08UAX
MoOesnuposaHus 6y6oHHOU hopmbl YyMbl

[Janee Obula ocyliecTBieHa OLEHKa 3PQEKTUB-
HOCTH MPUMEHEHUS JIEKAPCTBEHHBIX CPEJICTB, OTHOCH-
LIUXCS K TPYIIEe HU3KOMOJIEKYJISAPHBIX OJUTONENTH/IOB,
[IPU SKCIIEPUMEHTAIILHOM YyMe y pa3HbIX BUIOB J1a00-
PaTOpHBIX >KUBOTHBIX (OecropoiHbIe Oelible MBILIH,
MOPCKHE CBUHKH), paHee IMMYHHU3UPOBAaHHBIX BaKIMH-
HbIM mTaMMoM EV, 10 HHTErpajlbHOMY MOKA3aTEllto
ImD,, u BeDKHBaeMocTH. Hamu yCTaHOBIICHO, YTO UM-
MYyHH3aIMs SKCIEPUMEHTAIbHBIX KMBOTHBIX BaKIIMH-
HBIM LITAMMOM YyMHOTO MUKpoOa Y. pestis EV nunun
HUUNDT Ha poHe BBeneHUs UCCIIEAYEMBIX MIPEIapaToB
MIPUBOAUT K MOBBIIICHNIO HAPSKEHHOCTHU aJIallTUBHO-
ro MPOTUBOYYMHOI0 UMMyHHUTETa. CyleCTBEHHbIE OT-
JMYMSl B TIOJyYSHHBIX TAaHHBIX 00YCIOBIICHBI pa3HULICH
BO BPEMEHHU M KPaTHOCTH BBEJICHHSI MMMYHOMOAYJISA-
TopoB (TadJ. 2). OQHOKpaTHOE BBEICHUE BHIOPAHHBIX
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XVBOTHbIE
Intact animals

Cpok HabntogeHus, gHu | Observation time, days

Puc. 1. Brimanue onuronentupos O1, O2, O3 Ha 3HadeHue J1[; (a) 1 NPoAomKUTENbHOCTb XU3HM Berbix Mbitlei (6)
B YCMOBUSAX NOOKOXHOIO 3apaXKeHUs BUPYNEHTHbIM WTaMMoMm Y. pestis 231(708).

*p < 0,05 No cpaBHEHMIO C HEUMMYHU3NPOBAHHLIMW XXNBOTHBLIMMU.

Fig. 1. Influence of oligopeptides O1, 02, O3 on the LD, (a) and on the survival of white mice (b) under conditions
of subcutaneous infection with the virulent strain Y. pestis 231(708).

*p < 0.05 when compared with intact animals.
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Tabnuua 2. BniuaHue onvronentugHbix npenapatos O1, O2, O3 npu ogHOKpaTHOM 1 TPEXKPATHOM BBEAEHUUN Ha 3aLUUTHOE
AEVCTBME BaKLVHHOTO WTaMMa YyMHOro Mukpoba Y. pestis EV nuHun HUUII npu sapaxenun Genbix Mbiwen 400 J10,
Y. pestis 231 (M £ m)

Table 2. Influence of oligopeptide preparations O1, O2, O3 with single and triple administration on the protective efficacy of
vaccine strain Y. pestis EV line NIIEG at lethal challenge white mice with 400 LD, Y. pestis strain 231(M + m)

[1033 MMYHI3NPYIOLLETO L‘|I/ICJ/'IO6BbI)KVIBLIJI/IX CpenHsia NpoaoKUTENBHOCTD ImD,,, KOE
npenaparta Y. pestis EV N t))K”BOfTHb!X OI ee KQ”V;QCTBOI ted M t.)Km:M’dcyTth d ImD,,, CFU
vHAn HANST, KOE umber of animals (survived/inoculated) ean time-to-death, days
Immulr_wlza’gﬂréétréaln Y. ggf}'s EV cxema 1 cxema 2 cxema 1 cxema 2 cxema 1 cxema 2
ine ose, scheme 1 scheme 2 scheme 1 scheme 2 scheme 1 | scheme 2
5,0 x 10° 4/10 4/10 4,3+0,1 44+0,2 6876 1824
2,5 x 104 5/10 6/10 5,8 £0,6* 54+0,1*
5,0 x 10°+ O1 4/10 8/10 4,4+0,8 5,5+0,4* 5860 1492
2,5x10*+ O1 6/10 8/10 4,9+0,6% 6,4 +0,8"
5,0x 10+ 02 5/10 8/10 4,8+0,1* 6,9 +0,4* 5860 1492
2,5x 104+ 02 5/10 710 58 +0,3* 7,5+0,3*
5,0x10°+ 03 5/10 6/8 4,8+0,3 6,8 +0,4* 6454 816
2,5x 10+ 03 4/9 7/10 5,6 +0,2* 7,1+0,4%
Dur3nonornyeckuin pacTeop 0/10 3,56+0,5 -
PBS

Mpumeuanue. *p < 0,05 No cpaBHEHWNIO C HEUMMYHU3NPOBAHHBIMU XMBOTHBIMK; #p < 0,05 NO CPAaBHEHUIO C XUBOTHBIMU, UMMYHU3NPOBAHHbI-
Mu Tonbko Y. pestis EV nuHnum HUN3T.
Note. *p < 0.05 when compared with intact animals; *#p < 0.05 when compared with animals immunized with only Y. pestis line EV NIIEG.

OJIMTONENTHIOB COBMECTHO C BAKIMHHBIM IITAMMOM
OKa3bIBaJI0 MUHUMAIILHOE BIUSHNE HA 3()(HEKTUBHOCTD
3alIUTHI KUBOTHBIX OT YyMbl. TpEXKpaTHOE BBEICHUE
mpenaparoB nepel 3apakeHHeM MPUBOAUIO K CHUKE-
uuto nokasarenedd ImD, Y. pestis EV muanun HAUOT
Ha ¢one npumenenus Ol u O2 B 1,2 paza, O3 —
B 2,2 pa3a O CPaBHEHHUIO C KHBOTHBIMH, IMMYHU3U-
POBaHHBIMH TOJIBKO BakIMHHBIM IITaMMoM. CpemHsis
MPOIOKUTENLHOCTh JKU3HU MaBIIMX OWOMPOOHBIX
KHBOTHBIX YBEIIMYMIIACH B CPEJHEM Ha | CYT.

N3yuenue nedcTBUs OIUTONENTUIHBIX UMMYHO-
MOZYJISITOPOB Ha IIPOTEKTUBHBIE CBOMCTBA BAKLIUHHOTO
mramma Y. pestis EV nuanun HUWOIT nosropunu Ha
MOPCKHX CBHMHKax Kak Ha OoJee aJeKBaTHOW Mope-
o uymHOM uHpekuuu [19]. YV UMMyHHM3HPOBaHHBIX
MMMYHOMOAYJIATOPAMH II0 TEM K€ CXEMaM MOPCKUM
CBUHKAaxX PErHCTpUpOBau CHIKeHue ImD, mo cpas-
HEHUIO C MOPCKMMH CBUHKAaMHU, UMMYHU3UPOBAHHBIMU
TOJILKO BaKIIMHHBIM IITaMMoM EV. OnHako n3sMeHeHue
IIPOTEKTUBHOCTH B OTBET HA IPUMEHEHHE UMMYHOMO-
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Puc. 2. 3HaveHne ImD,, ans wramma Y. pestis EV nuHumn HANIT Ha doHe BBeaeHus onuronentuaos O1, O2, O3 no cxeme
1 (a) n cxeme 2 (6) nepen sapaxeHneM Mopckux ceuHok 400 J1M,, Y. pestis 231.

*p < 0,05 npu cpaBHEHUM C BaKLMHUPOBaHHbLIMK ToMbKO Y. pestis EV nnHun HUN3T.
Fig. 2. The mean ImD, values of Y. pestis strain EV line NIIEG in treatment groups with oligopeptides O1, 02, O3 according
to scheme 1 (2a) and scheme 2 (2b) before lethal challenge of guinea pigs with 400 LD, Y. pestis strain 231.
*p < 0.05 in comparison with vaccinated mice only Y. pestis EV line NIIEG.
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OYJISTOPOB Yy 3TOH OroMozenn OblJI0 MEHee BBIPasKeH-
HBIM, 4YeM Yy OelbIX Mbllei (puc. 2). MakcuMaiabHOe
CHIDKCHHUE TOKa3aTellsi OTMEYald Ha COYETaHHOE MpH-
menenue O1 no cxeme 2 — B 1,8 pasa.

Kpome Toro Ob110 3a)UKCHPOBAaHO JOCTOBEPHOE
(» < 0,05) yBenuueHwe WHKYOAaLMOHHOTO MepHOIA
U CpeiHEed NPOJOIKUTENBHOCTH XHU3HHU JKUBOTHBIX.
Haunbonee BblpakeHHbIE M3MEHEHUS MPOJOIKUTENb-
HOCTH >KH3HM NaBIIMX MOPCKHX CBHHOK IO CpaBHe-
HUIO C KOHTPOJIBHOM TPYIIION KMBOTHBIX OTMEYaJINCh
npu npumenennn O2 — B 1,7 paza (20 8 cyt) u O1 —
B 2,3 pa3a (no 11 cyr).

BnusHue onuzonenmuodHbix UMMYHOMOOY/IAMOPO8 HA
UMMYHO2eHHsble cgoticmeaa Y. pestis nunuu EV HUNST

VY Bcex UMMYHHU3UPOBAHHBIX OEJIBIX MBIIIEH BbI-
sBiisu aHTHTeda K F1 yymHoro mukpoba (Tadua. 3).
Couerannas BakuuHauus Y. pestis EV nuann HUNUOT
¢ Ol npuBojuia K HaMOOJIEEe 3HAYMMOMY MOBBIIICHUIO
TUPOB AHTUTEN K KarCyJIbHOMY AaHTUTEHY YyMHOTO
MHUKpOOa IO CpaBHEHHUIO C TpynnamMu OHOMPOOHBIX

ORIGINAL RESEARCHES

JKUBOTHBIX, UMMYHU3UPOBAHHBIX TOJIBKO BAaKI[MHHBIM
mramMMmoM Y. pestis EV muann HUWOI. Hanpotus, O3
IIpM COBMECTHOM BBEIEHUHU C BAaKIMHHBIM IITaMMOM
EV BbI3BIBaN CHU)KEHHE TUTPOB ACTEKTUPYEMBIX aH-
tuten. Bkimtouenue O2 B cxeMy HMMYHM3alMK MbIIIEH
BaKIMHHBIM IITaMMoM Y. pestis EV muauun HUUDT
CYIIECTBEHHO HE BIMSJIO Ha BBIpaOOTKy aHTHTEN K F1
yymMHOro mukpo0a. VccnenoBanue ypoBHs crienudu-
YECKUX aHTHUTEJ y MOPCKUX CBUHOK IIOKa3aJlo, 4TO BBE-
JIeHHEe UMMYHOMOAYIUPYIOIINX NPENapaToB HE JaBajio
JIOCTOBEPHO 3HAYMMOI'0 M3MEHEHHUS YPOBHS aHTHUTEI.
OOparHble 3Ha4YeHUS CPEIHETeOMETPHUECKOTO TUTPa Yy
nMMyHH3UpoBaHHBIX O1 1 O2 KUBOTHBIX COCTaBIISIU
1500 £ 406, a na BBenenue O3 nmaxke 3aperucTpupoBa-
HO HEKOTOpPO€ CHWKEHHE TUTPOB aHTUTEN K F1 uymHO-
ro mukpoba — 1 Ha 1213,3 £ 60,3 (p <0,1).

YPOBHU LIUTOKMHOB B CHIBOPOTKE KPOBU MBIIIEH
onpenessuld B ombITax in vivo depe3 3, 14 u 21 cyt
rocje TPEXKPATHOM UMMYHHU3alUU NIpenaparaMy OJlu-
ronentuaoB. M3 aHanmu3a mpeacTaBleHHBIX B Tabm. 3
JAHHBIX BUIHO, YTO MMMYHHU3aIUsl MBIIIEH Mpenapa-

Ta6bnuua 3. [lnHammka npoayKuum UMTOKMHOB M aHTUTen Kk F1 Y. pestis npn BBeaeHNM MMMYHOMOAYMPYHOLNX NpenapaToB

Y UMMYHU3MPOBaHHbIX 6enbix Mblwei Me (Q,—-Q,)

Table 3. Dynamics of cytokine production and antibodies to F1 Y. pestis following the administration of immunomodulatory

preparations in immunized white mice Me (Q,-Q,)

Fovnna Cpok, cyT N®H-y, nr/mn, Me (Q,-Q,) Wn-10, nr/mn, Me (Q,-Q,) OO6paTHble 3HaYeHUsi cpeaHereo-
g;’ou Duration of INF-y, pg/ml, Me (Q,—Q,) IL-10, pg/ml, Me (Q,—Q,) meTpuyeckoro Tutpa (M + m)
(n= 38) the study, Geometric mean reciprocal titers
day Sp Ind Sp Ind to F1 Y. pestis protein (M £ m)
Y. pestis EV 3 28,2 57,1 11,2 15,4 -
nmHum HUN3I (21,3-35,2) (53,3-63,6) (8,8-11,5) (11,8-16,2)
4
(\?'ge);r}s? E|\</OIiIr5123 NIEG 14 22,2 40,6 12,2 16,9 -
(2,5 x 10¢ CFU) (15,7-29,9) (37,6-60,6) (7,2-15,5) (9,9-20,7)
21 20,3 42,6 14,2 17,9 512 £ 35,43
(13,7-27,9) (23,5-54,7) (9,8-17,2) (11,1-22,3)
Y. pestis EV 3 39,1 67,9 29,5* 38,2* -
nmHum HUN3I (31,6-54,7) (39,3-77,4) (20,8-40,4) (23,9-52,4)
4
@oxIUKCEOD w2 @y mw  ms .
(2,5 x 10 CFU + O1) (26,2-50,6) (42,1-83,9) (14,4-26,7) (14,0-54,7)
21 20,2 66,7 1.1 25,6* 873 + 84,4*
(12,2-38,7) (40,5-87,0) (4,4-23,1) (18,9-44,0)
Y. pestis EV 3 37,9 68,2 19,2 24,3 -
nmHum HUN3I (26,4-49,6) (65,3-69,8) (18,9-22,8) (11,5-30,4)
(3’5 ) t10E5/?'E +l\ﬁI2E)G 14 34,1 67,7 19,1 24,2 -
" pestis ine ’ ’ ’ ’
(2,5 x 10¢ CFU+ 02) (28,5-50,5) (55,6-73,9) (11,7-25,3) (19,7-34,2)
21 28,1 51,7 14,5 19,4 512+40,4
(22,8-31,6) (46,7-66,8) (8,6-23,3) (8,6-36,8)
Y. pestis EV 3 42,6* 102,1* 30,33* 45,5% -
nmHum HUN3I (23,5-54,7)  (82,1-113,9)  (24,4-36,7) (34,0-64,7)
@5 x 10°KOE + 03) 14 30,2 755" 20,1 34,3 -
" pestis ine ’ ’ ’ !
(2,5 x 10¢ CFU+ 03) (29,4-31,7) (69,2-79,3) (14,9-23,1) (29,1-40,7)
21 271 62,5 17,7 22,9 324 £25,9
(20,2-34,1) (59,5-71,0) (14,0-19,8) (19,6-24,7)

MpumeyaHue. Sp — crnoHTaHHas npoaykums; Ind — nHayumpoBaHHas npoaykumst; *p < 0,05 No cpaBHEHWIO C rpynmnon, MIMMYHU3MPOBaHHOM

Tonbko Y. pestis EV nuiun HAUAI (2,5 x 10* KOE).

Note. Sp — spontaneous production; Ind — induced production; *p < 0.05 compared to to group immunized only by Y. pestis EV line NIIEG

(2.5 x 10* CFU).
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toM Ol mpuBoAMIa K HE3HAUUTEIIEHOMY MOBBIILIEHUIO
KAK CIIOHTAaHHOM, TaK U UHAYLUPOBAHHON IPONYKLIHU
N®H-y no cpaBHEHMIO C KOHTPOJBHOM I'PYIIION XKu-
BOTHBIX, UIMMYHU3HPOBAHHBIX TOJBKO Y. pestis EV nu-
nuu HUMOI. Yepes 3 cyt mocine uMMyHHU3alUK JaH-
HbIM UMMYHOMOAYJASTOPOM HaOJI0AaIU MOBBIIIECHHBIN
CHUHTE3 TMPOTUBOBOCHANUTENbHOIO IuTokuHa WMJI-10,
YTO KOPPEJHUPOBAJO C MOBBIILIEHUEM TUTpPa IMPOTHBO-
YyMHBIX aHTHTeN K F1 9yMHOr0 MUKpOOa 1 MOXKET CBU-
JeTENbCTBOBATh 00 aKTHBALIMH KaK KJIECTOYHOTO, TaK U
FYMOpaJIbHOIO HMMYHHOIO OTBeTa. MMMyHHU3anus
npenaparoM O3 Ha 3-M CyTKH BbI3bIBaJIa OTHOKPATHYIO
BBIpaOOTKY BBHICOKUX KOHIEHTPALUI MPOBOCHAIUTEIb-
Horo uuroknHa MOH-y, HHAYyIHMPYIOMEro KJIETOYHBINH
UMMYHHBIN OoTBeT. Jlanee Ha 14-¢ cyTKU KOHIIEHTpa-
uua MOH-y nagana, u uepes 21 cyT pa3ziauuuii B npo-
JTYKIUU LUTOKUHOB C KOHTPOJIBHOM I'PYyMNIIOi HE BBISIB-
nanu. Beegenne O2 mpuBOAMIO K HE3HAYUTEILHOMY
(p < 0,5) nossimenuto npoxaykuuu UOH-y u UJI-10
B Ha4yaJbHbIE CPOKHU MOCIIE UMMYHHU3ALIUHU. 3aTeM Ypo-
BEHb NPOAYKIHNU IUTOKMHOB — KaK CIIOHTAHHOM, TaK U
MHIYLMPOBAHHON — CHUXAJICA JJO YPOBHEN KOHTPOJIb-
HOH TPYIIIBL.

[Tpu mMopdonoruueckoM HcCaeNOBaHUH OPTaHOB
MOPCKHUX CBUHOK, UMMYHU3UPOBaHHbIX Y. pestis EV nu-
auu HUUDT B no3e 5 x 10° cOBMECTHO C OJIUTOIENTH-
namu O1, O2 u O3, He BBISBICHO TPYObIX U3MEHEHUH
CO CTOPOHBI BHYTPEHHUX opraHoB. IIpu rucronoruye-
CKOM HCCJICJOBAaHUM Ha ()OHE OTCYTCTBHS NPHU3HAKOB
MTOBPEXAEHUS TKaHEH perucTprupoBaIl yMEpPEHHBIE TU-
MEePIUTACTHYECKUE MPOLECChl B TMM(OUIHBIX OpraHax.
3HaUNMBIX MOP(OIOTUIECKUX OTIMYHUH, CBSI3aHHBIX C
BBEJICHUEM MCCIIEyEMbIX OJINTONENTHUIOB, Y YKUBOT-
HBIX HE Ha0IIogau.

O6c¢cyxpeHune

[Mpumensemas s crienuduyeckoil npodunakTu-
ku uymbl BUXK, nunensupoBannas B Poccuu, cHu»KaeT
3a0011eBaeMOCTb 1 00ecrednBaeT 0osee JErkoe TeueHne
0oJie3Hu, HO HEOCTaTOUHO (P PeKTUBHA B OTHOLICHUH
JIETOYHOM YyMBbI U BBI3BIBAET HEIPOMOJKUTENBHBIN Ha-
HpsKEHHBIA UMMYHUTET. MHOTOJIETHEE KOMIUIEKCHOE
HMMYHOJIOTHYECKO€ UCCIIeJOBaHNE BAaKIITHUPOBAHHBIX
BYX nun pexpernpyeMblX KOHTHHTEHTOB IIOKa3allo
WHAWBUAYAIbHYI0 HMMYHOJOTHYECKYI0 3(PQEKTUB-
HOCTbH BaKLMHBI, 3aBUCSIIYI0 OT MHOTHX (aKTOpoB [2,
20]. [MpumeHeHre UMMYHOMOIY/ISITOPOB Ha (oHe mpu-
BuBKH BUYXK — 07HO M3 peanbHBIX U MEPCHEKTHBHBIX
HarpaBlIeHUH TOBBIIEHHUS 3(P(PEKTUBHOCTH MPOTHUBO-
YyMHOTO UMMYHHTETa. YUUTHIBAs, B TMIEPBYIO OUYEPE/b,
MEXaHU3M JICHCTBHSA, a TAKKE MOJIOKUTEIIBHBIC PE3yJlb-
Tarhl, MOJY4YCHHbIE TIPH UCITIOJIb30BAHUM UMMYHOMO/Y-
JMPYIOIIUX MPENapaToB B cXeMax JICUeHHS U MPOQpHIIaK-
TUKH KaK BHUPYCHBIX, TaK U OaKTepHATbHBIX WHPEKLUH,
ObLUTH OTOOPaHBl UMMYHOMOAYJISITOPBI, UCTIONB30BaHUE
KOTOPBIX MOXET ObITh 3(p(EeKTUBHBIM AJISI COBEpLICH-
CTBOBaHMUSI CIIEUUPHUECKOIN MPOPUITAKTHKHA TYMBI.

[Ipemapar O1, peryaupyroomuil OKHCIUTEIbHO-
BOCCT@HOBUTEIBHBIE MPOLECCHI, 00JIaJaroIuii HMMY-
HOCTUMYJIHUPYIOIINM, TeNaTonpOTeKTUBHBIM, T'€MOIIO-
STHUYECKUM TOTEHLUAIOM, B HAIlUX MHCCIEIOBAHUAX
MOBBIIIANT BBKMBAEMOCTh JKUBOTHBIX, BO3MOYKHO, aK-
TUBUPYsl TKaHEBble Makpodard U CIocoOCTBYS IMO-
[JIONICHUI0O U THOCIM MUKPOOpPraHu3MoB. B maHHOM
CepUM SKCIEPUMEHTOB MEeNTHJI MOoKa3aJl HaWIydllne
pe3yNBTaThl: Y MHTAKTHBIX OCNBIX MBIMICH MpH TPEX-
KpaTHOM BBejeHMH Ol perucTpupoBaiy MOBBIIICHUE
nokasarens JIJI, mramma Y. pestis 231(708) B 3 pasa
10 CPaBHEHMIO C KOHTPOJIBHOM TPYIION, YTO KOppeIu-
POBAJIO C YBETMYEHUEM CPETHEN MPOJOIKUTEIBHOCTH
JKU3HU TMaBIIUX >KUBOTHBIX OMBITHOHM rpymmbl. Taxxke
Mpu TpEXKpaTHOM BBeleHHM mpemnapara Ol ormeua-
JU CHWKCHHEC HMHTErpaqbHOro mnokasarenas ImD, 5 y
OenbIx Mpimed — B 1,2 pa3a, y MOPCKUX CBUHOK —
B 1,8 pa3a mo CpaBHEHHUIO C KOHTPOJBHOI Ipymnmoi
JKHBOTHBIX, UMMYHU3UPOBAHHBIX TOIBKO Y. pestis EV
nuaun HUUDT, uto ykaspiBaeT Ha aKTUBALMIO TPO-
TEKTUBHBIX CBOMCTB BakIMHBI. [I0oBBIIIIEHNE BEIKMBAE-
MOCTH KMBOTHBIX MOCJIE 3apa)KEHUsI COIIPOBOXKAATIOCH
pocTOM cpenHel MPOAOIKUTENFHOCTH KU3HU HMaBIINX
ouomoneneii (B 1,2-2,3 paza). [lentux O1 ctumynupo-
BaJ YBEIMYEHUE AHTUTEIOMPOMYKIUH, UYTO KOppEIu-
POBAJIO ¢ POCTOM MPOTHBOBOCTIAIUTEIBHOTO IIUTOKUHA
NJI-10. AHanoru4Hele pe3ynbTarhl, COMPOBOKAAIOIIHE-
sl IOBBILICHUEM 3aIUTHOTO 3 eKTa BaKIMHALIIH, TIO-
Jy4eHBI IPU BBEICHUH C KUBOH Opylesie3HON BakIH-
HOI UMMYHOMOYJSITOPOB JIMKOMKIA U TUMOreHa [21],
a TaKKe NpU U3YUYeHUH BIUSIHUS a30KcuMepa Opomuia
Ha UIMMYHOT'€HHBIE U IPOTEKTUBHBIE CBONCTBA BaKLIMH-
Horo mtamma Y. pestis EV nmunun HUMOI npu skcre-
puMeHTanpHOU uyme [3, 4].

Cunrernueckuii nentun O2 MOOUIU3YET U aKTH-
BUpYET KJIETKH MOHOLMTapHO-MaKpoQarajabHOTO psifa,
uHAyKIMoo cuate3a UOH-a u -B, ctumynupyer cuH-
T€3 QHTUTEN K pa3iNyHbIM aHTUTeHaM WH(EKIHOHHON
MIPUPOIBL, a TakXke BiuseT Ha coiepkanue CD4 T- u
NK-kierok B nepudepudeckoii kposu [9, 13]. V xuBoT-
HBIX, UIMMYHHU3HPOBAaHHBIX BAKIIMHHBIM IITAMMOM 9yMEI,
TpéxkpaTHoe BBeJeHHe O2 HEeTOCPeCTBEHHO NIepe 3a-
paxenueM Y. pestis 231(708) B 1,4-2,1 paza yBenuuunsa-
JI0 CPEAHIOIO MPOIOIKUTENILHOCTD KU3HH OMOMOJIENN U
MPOJIOHMPOBAJIO [IEPUO] 10 MaHU(ECTaluu 3a00eBa-
HUSL, YTO MO3BOJIAET pacCMaTpuBaTh 3TOT Mpernapar 0co-
OEHHO MEePCIEKTUBHBIM ISl SKCTPEHHOM MPOPHUIAKTHKH
qyMbl. MI3BECTHO, YTO B CiTyyae YyMbl JOIOITHUTEIbHbIE
24 4y Ha IPUHATHE PELIEHNSs O Ha3HAYEHUH STHOTPOIHOM
Tepanuy MalUeHTy Mo3BOJAI0T MUHUMYM Ha 50% mo-
BBICUTH IIAHCHI HA BRI3IOPOBIEHUE [22].

CuHTeTHYECKHH HMMMYHOMOAYIATOpP THUMHYe-
cKoro mpoucxoxaeHuss O3 aKkTUBHPYET MONIOLIECHHUE
nelkounTamMu OaKTepUil U UX NepeBapHUBaHUE, CTUMY-
Tupysi 00pa3oBaHUE BCEX BUAOB WMMYHOITIOOYJIMHOB,
ycunuBasi npoxnykuuto MJI-2 numdountamu [9, 10].
B Hamem uccie0BaHUN YCTaHOBJIEHO NMOTEHLIUUPYIO-
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mee BausiHuEe O3 Ha HIMMYHOT€HHYIO U IPOTEKTUBHYIO
AKTHBHOCTh BaKLMHHOTO LITaMMa YyMHOT'O MHKpoOa
NpU MOZACTHPOBAaHUK OyOOHHOH (POPMBI UyMBI Ha JIBYX
BHJIaX SKCIEPUMEHTAIBHBIX JKUBOTHBIX. Tak, TpEx-
KpaTHOE BBeJeHHE uMMyHoMonyisitopa O3 mepen 3a-
pakeHHEeM BBI3BIBAJIO 3HAYUMOE CHIKEHHE HHTETpallb-
HOro mokasarens ImD,  y Genbix MbIlIEH ¥ MOPCKUX
CBUHOK. VHTepeceH yCTaHOBIEHHBIH (PakT yBemuue-
HUS IPORYKIUHN [IUTOKUHOB Y HMMYHHU3UPOBAHHBIX IO
JTAHHOM CXeMe KUBOTHBIX, UTO COIIPOBOKIAJIOCH ITOBBI-
IIEHHEM HaNpsKEHHOCTU MPOTHBOYYMHOIO MMMYHH-
TeTa, MPOUCXOASALINM J1aXKe Ha JOHE CHIDKEHHUSI TUTPOB
JETEKTUPYEMBIX aHTHUTEN K KallCylbHOMY aHTUreHy F1
YYMHOTO MHUKpOOa y OeNbIX MbIIIeH U MOPCKHX CBH-
HOK. Bo3MoXxHO, 4TO akTHBUpOBaHHBIC BBeneHueM O3
OUTOKHHBI YYacTBYIOT B MEXaHHU3ME HHTMOMPOBaHUS
BBICBOOOXK/IeHUST B-KileTKaMU CHHTE3UpPYEMbIX UMMY-
HOIVIOOYJIMHOB U B MEPECTPOMKE HMMYHHOH CHCTEMBI
Ouromozieneil Ha KJICTOUHBIM THII IMMYHHOT'O OTBETA.

OTtnenbHO HEOOXOIUMO OTMETUTh OTCYTCTBHE
IIPY COBMECTHOM BBEIECHUHU CO WITaMMOM Y. pestis EV
ymand HUMDIT HeraTMBHOTO BIMSIHHS OJWTOIIEIITHI-
HBIX IIPEnaparoB Ha TKAHW U OpraHbl BaKIIMHUPOBAaH-
HBIX OMOMOJIETIei, yCTaHOBIEHHOE C TOMOIIBIO MOP(O-
THUCTOJIOTUYECKOTO HCCIIEJOBAHUS.

3aKniouyeHue

Pesynbrarsl KOMIUIEKCHON OLIEHKHA BO3MOXHOCTH
MOBBIILICHUS HFMMYHOTEHHOCTH U IPOTEKTUBHOCTH BakK-
uuHHOrO mrtamma Y. pestis EV muanu HUUOI 3a cuér
UCIIONIb30BAHUS PA3IMYHBIX CXEM MPUMEHEHUS CHH-
TETHYECKUX OJIMTONENTHIHBIX HMMYHOMOIYJISITOPOB
MOKa3ajH, YTO ONTUMAJILHBIM IpernaparoM, o0ecredu-
BAIOIIMM CTUMYJSLUIO KJIETOYHOTO 3B€HA MMMYHHTE-
Ta, MOBBIIIAIOUIMM UMMYHOT€HHOCTb M IPOTEKTUBHBIN
3¢ EKT )KUBOW UyMHON BaKLUHBI, SIBJISETCS Ty TOKCUM
(O1). Hecmorps Ha TO uTO renoH (O2) MosoXKUTEIb-
HO BJIMSUI Ha TIOKA3aTEJ M KIETOYHOTO MMMYHHUTETa IPH
coyeTaHHOM BBezieHuU ¢ Y. pestis EV muann HUNOT,
0XXHJIAEMOTO MOBBIIIEHHS 3AIUTHOTO 3PEKTa B OMbI-
Tax Ha OEJBIX MBIIIAX U MOPCKUX CBHHKAaX OOHapyxke-
HO He ObuI0. [IpuMenenne ummynodana (O3) coBmecT-
HO C BaKkLUMHHBIM IITAMMOM B CPaBHEHUH C JIPYTUMH
aHaJTM3UPyEeMBbIMH TIpenaparaMi IT0Ka3ano MHpeuMy-
HIECTBEHHOE M30MpaTelbHOE BIUAHUE HA T-KIeTOYHOE
3BEHO MMMYHHTETA, YTO H CJIEA0BAJIO C OONbLICH Bepo-
ATHOCTBIO OJKMAATh OT CHHTETUYECKOTO aHAJIO0Ta TUMO-
nostuHa. He cTout 3a0bIBarTh mpu paboTe ¢ UMMYHO-
MOAYJSATOPAaMH, YTO TOBBILICHUE 3alUTHOTO 3 derTa
MMMYHH3alUU Ha (OHE MPUMEHEHUs OJMIONENTHIOB
4ETKO 3aBUCENIO OT BHIOPAHHOTO THITA OMOMOJIEIIH: TSI
Oenbix Mpimied cHwkenue ImD,  Obuto Gonee 3Ha4M-
MBIM, YeM JJIsi MOPCKUX CBUHOK.

Takum oOpa3oM, HccieIOBaHUS MO OTOOpY H
ouneHke 3(PQPEKTUBHOCTH HMMYHOMOAYIUPYIOMINX
npenaparoB JJisl BKJIIOUEHHS B CXEMY BaKIHMHAIUH
MIPOTHB YyMBbl OTKPBIBAIOT HOBBIE BO3MOXKHOCTH (op-
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AHHOMayus

BBepeHue. Hannune cneundudeckux lgG-aHtuten k RBD Spike SARS-CoV-2 1 nx KOHUEeHTpauus no3sonsioT
paccunTatb HanpsKEHHOCTb MMMYyHUTeTa kK COVID-19, T.e. onpenenutb ypoBeHb BOCMPUUMYMBOCTU K MHOEK-
LUK, PUCK NMHPULMPOBAHUS, THXECTb TedeHus 3aboneBaHus, a Takke CnocobHOCTb NPeAoTBPaTUTL NleTanbHbIN
ucxofd. B To xe Bpemsi He [oKa3aHO, Kakue YpOBHU aHTUTEN SIBNSAKTCA 3aluTHbIMU. [loaTomy onpegeneHuve
XapakTepa MMMYHUTETa U oLeHKa ypoBHS IgG-aHtuten k RBD Spike SARS-CoV-2 no3sonsieT BNusATbL Ha adpdek-
TMBHOCTb NMPOBOAMMbIX NMPOMUNAKTUHECKUX MEPONPUATUIA U CBOEBPEMEHHO NX KOPPEKTMPOBATh.

Llenb paboTel — onpegennTb Hanunune IgG-aHTuten k RBD Spike SARS-CoV-2, ux ypoBHsi U XxapakTepa rymo-
panbHOro MMMYHUTETa y COTPYAHWKOB CTaLMoHapa 3aKpbITOro TUMa B pa3HbIX BO3PaCTHbIX U NpodeccmoHanb-
HbIX rpynnax nocne 3aeepLuéHHon BakumHaumm «Fam-KOBWO-Baky.

MaTtepuansi n meToabl. [TpoBeaeHoO UccrnefoBaHNe CbIBOPOTOK KpoBu 310 MeQULIMHCKMX COTPYAHMKOB, Nomy-
UYMBLLMX MOSHbINA KYPC UMMYHM3auun BakumHon «Fam-KOBW-Bak» ¢ npumeHeHnem Habopa peareHToB «SARS-
CoV-2-MPA-IgG» no TY 21.20.23-004-28597318-2020, PY Ne P3H 2021/15898. KonnyectseHHoe onpegeneHve
IgG-anTuTen k RBD Spike SARS-CoV-2 npoBoaunu B cootBeTcTBMM cO cTaHaapTom BO3 NIBSC 20/136.
Pesynbratbl. Cneundunyeckme IgG-aHtutena k RBD Spike SARS-CoV-2 o6HapysxeHbl y 92,9% o6cnenoBaHHbIX
nuu, B ToM yucne 67,4% coctaBunu nuua ¢ rubpuaHbIM UMMYHUTETOM, 25,5% — ¢ nocTBaKUMHANbHbIM UMMY-
HUTETOM Mocne MMMyHu3aummn BakumHon «fam-KOBUO-Baky», 7,1% — HeMMMyHHble. Boree BbICOKMI ypOBEHb
IgG-anTuTen k RBD Spike SARS-CoV-2 BbisiBrieH B rpynne nvuy ¢ rmépuaHsiM ummyHuTeTom (p < 0,01). 3awmT-
HbI ypoBeHb aHTuTen 6onee 300 BAU/mMn nmenu Tonbko 11,6% COTpyaHUKOB.

O6cyxaeHue. bonblue Bcero cotTpyaHMKOB € rMOpuaHbIM UMMYHUTETOM BbISIBNIEHO B CTApLUMX BO3PACTHbIX KaTe-
ropusix U B KaTeropuv mnagwero MeguumMHCKoro nepcoHarna. llonyyeHHble pesynsraTtbl Ceporornyeckoro ncerne-
[0BaHUS C YY4ETOM BO3PACTHBIX U MPOECCUOHANbHBLIX acreKkToB MOMyT CIYXWTb OCHOBOW AN KOPPEKTUPOBKM
NpoMnakTUYECKMX MEPONPUATUI B MEOULMHCKUX YHPEXKOEHMUSX.

KnroueBble cnoBa: aHmumena, meduyuHckue pabomHuku, Spike SARS-CoV-2, eakyuHayus, anudemuosnoaus,
UMMyHUmMem, 2ubpudHnbil, sakyuHa «am-KOBW/J-Bak»

Amuyeckoe ymeepxdeHue. VccrneqoBaHne npoBoaMIoch nNpu Ao6poBorbHOM MHPOPMUPOBAHHOM Corfacum nauu-
eHToB. lNpoTokon uccnenoBaHns ogobpeH Atnyeckum kommutetom HAW BakuuH mn ceiBopotok M. N.U. MeyHunkoBa
(npotokon Ne 9 ot 09.12.2022).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMAT 06 OTCYTCTBMWN BHELLUHEro (hMHAHCUPOBAaHWUSA NpU NPoBEeAEeHNN 1c-
crnepoBaHus.

KoHgpbnnukm uHmepecoe. ABTOpbI AeKNapuUpyoT OTCYTCTBUE SIBHLIX M MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauunern HacTosILLEN CcTaTbu.

Ansa yumupoeaHus: Myp3uHa A.A., Bopucosa O.B., KanbHuH W.B., Kanpa A.H. OueHka rymopanbHOro uMMyHuTeTa K
Bupycy SARS-CoV-2 y MeamumHckux paboTHMKOB KPYMHOMO CneumanvM3npoBaHHOro ctaunoHapa. XKypHan Mukpobuo-
noeuu, anudemuosnoauu u ummyHobuonoauu. 2023;100(1):95-102.
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Annotation

Introduction. The assessment of specific IgG antibodies to RBD Spike SARS-CoV-2 and their quantitation permit
to calculate the intensity of immunity to COVID-19, i.e. to determine the level of immunity to infection, the risk of
infection, the severity of the disease, as well as the ability to prevent death. Meanwhile, the protective level of
antibodies is not determined. Therefore, determining the nature of immunity and quantitation of IgG antibodies to
RBD Spike SARS-CoV-2 make it possible to assess the effectiveness of preventive measures and correct them
in a timely manner.

The aim is to determine the presence of IgG antibodies to RBD Spike SARS-CoV-2, their concentrations, and the
nature of humoral immunity in different age and occupational groups of employees in a closed-type hospital after
the completed vaccination with "Gam-Covid-Vac" vaccine.

Materials and methods. The blood sera of 310 members of medical staff who received a full course of
immunization with the "Gam-Covid-Vac" vaccine were tested using "SARS-CoV-2-ELISA-IgG" kit according to
instructions provided in 21.20.23-004-28597318-2020, RU No. RZN 2021/15898. IgG antibodies to RBD Spike
SARS-CoV-2 were quantitated against WHO standard NIBSC 20/136.

Results. Specific IgG antibodies to RBD Spike SARS-CoV-2 were found in 92.9% of the examined individuals,
including 67.4% having hybrid immunity (both vaccine- and infection- induced), and 25.5% having post-vaccination
immunity after immunization with the "Gam-Covid-Vac" vaccine; 7.1% participants were nonimmune. A higher
level of IgG antibodies to RBD Spike SARS-CoV-2 was detected in the group of individuals with hybrid immunity
(p <0.01). Only 11.6% of employees had a protective antibody level of more than 300 BAU/ml.

Discussion. Most employees with hybrid immunity were identified in the older age groups and in the junior med-
ical staff. The results of this serological study, taking into account the age and professional aspects, can serve as
the basis for adjusting preventive measures in medical institutions.

Keywords: antibodies, medical workers, Spike SARS-CoV-2, vaccination, epidemiology, immunity, hybrid,
vaccine "Gam-COVID-Vac"
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BeepeHue TOpBIC Yalle JAPYTUX KOHTAKTHPYHOT C UCTOUYHUKAMHU

Mannemus COVID-19 octaércs ogHOM M3 TNIaB-  KOPOHABUPYCHOW MH(EKIHHU, OABEPrasich MaCCUBHON

HBIX MHUPOBBIX NpoOneM. EkeHEBHO perucTpupyroT-  BupycHo# artake’. [To manneiMm BO3, B Mupe TOJIBKO B
Csl COTHHU ThICAY 3a00JIeBIIUX B JieHb, norubmu 6oiee 2021 r. or COVID-19 ymepnu 115 Thic. MEAUIIMHCKUX
6 miH yemoBek'. Cpemu BCex TPYII HACENEHHs, BOB-  paboTHHMKOB®. OHAKO TO JalieKO HE TOJIHBIC JaHHbIC,

JICYEHHBIX B AMHUIEMUYECKHI MpoIecc, 0CO00ro BHH-

MaHHs 3aCIyKHBAIOT MEIUIIMHCKHE PAOOTHHKH, KO- 2 35SMEJMA. KoBun-19: camble «Ooneromuey mnpodeccuH.

URL:  https://35media.ru/articles/2020/11/17/kovid-19-samye-

boleyushhie-professii

! Coronavirus Monitorus. OHmaiiH-KapTa pacrpoCTPaHEHHS KO- 3 'WHO. The impact of COVID-19 on health and care workers:
ponaBupyca COVID-19. URL: https://coronavirus-monitorus. a closer look at deaths. Electronic resource. URL: https://www.
ru/#stat who.int/publications/i/item/WHO-HWF-WorkingPaper-2021.1
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T.K. TIO pe3yJabTaTaM MPOBOAUMBIX CEPOINUIEMHOIOTIH-
YECKUX MCCIEOBAHUN MOMYISUOHHOTO WMMYHHTE-
Ta, mpexzae Bcero, mo Hamumuuio [gG-anturen k RBD
Spike SARS-CoV-2, u3BeCTHO, YTO 3MUIACMHYCCKUN
npouecc SARS-CoV-2 ropas3no WHTEHCHBHEE, 4YeM
XapaKkTepu3ylye ero opuuansHble JaHHbIE O 3200-
neBaeMoCTH. 3a BpeMsi O0phObI ¢ MaHAeMHUel MHOTHE
COTPYAHUKH JIeueOHBIX YUPEKACHUH ycrenu nmpuodpe-
CTU €CTECTBEHHbII UMMYHHUTET, chopMupoBaBIIHiics
nocye 3aboneBaHusl, IEPECHECEHHOTO HE TONBKO B KIIHU-
HUYECKU BBIPAXKEHHOM, HO U B MaJIOCUMIITOMHOM CTEp-
Toii popme [1].

Bupycnas yrpo3a SARS-CoV-2 coxpansercs.
OnHako B CKOPOM BpeMEHH Ba>KHYIO pOJIb OyJIeT UTpaTh
WMMYHOJIOTHYEeCKHH (aKTop TeYeHHs1 NaHIEMHH,
c(OPMUPOBaHHBIA B TOM YHUCIIE OCPEICTBOM BaKIIU-
Haiuu. K HacTosimeMy BpeMEeHM CTalo M3BECTHO, YTO
s¢dextrBHOCTH BakiuH npotuB COVID-19 co Bpeme-
HEM ocJiabeBaeT, a 3TO TpeOyeT MPOBEACHHS AOTOIHHU-
TEJBHBIX KypCOB BakIHANUU [2, 3]. Bonpocs Hanu4us
aHTUTEN U UX 3aIUTHBIX YPOBHEH Kak MOCJe BaKIMHA-
UM, TaK U TOCIe MepeHecéHHOoro 3aboJeBaHusl OCcTa-
I0TCSL AUCKYCCUOHHBIMH U TPEOYIOT JOMOTHUTEIHEHOTO
m3ydenus [4, 5].

Henpro Hamero ucciaefoBaHUs SIBHJIOCH OIpe-
nenenne Hanuuusi [gG-anturen k RBD Spike SARS-
CoV-2, ux ypoBHS M Xapakrepa UMMYHHUTETa y CO-
TPYIHUKOB CTAaI[lOHapa 3aKpBITOrO0 THUIA B Pa3HBIX
BO3PACTHBIX M MPO(eCcCHOHANBHBIX IPyIIax Mocie 3a-
BepiéHHoi BakiumHamu «['am-KOBU I-Bak».

MaTepman bl 1 MeToAbl

B wuccrnenoBanue ObUTM BKJIIOYEHBI CHIBOPOTKH
kpoBu 310 coTpynHukoB, 4To coctaBuio 24,1% pa-
0OTalomKX B KPYNMHOM CIHEIHAaTU3UPOBAHHOM MHO-
ronpopWIbHOM IMICUXHAaTPUUECKOM CTalMOHape 3a-
KpeiToro tuna — llcuxuarpuueckoil OOMBHUILIE HM.
B.U. ‘IxoBenko. HcciemoBanue HOPOBOIUIIOCH IPH
J0OPOBOJILHOM WH(GOPMHUPOBAHHOM COIJIACHU MAalld-
enToB. [IpoTokon uccienoBanus 0100peH ITHYCCKUM
komurerom HMU BakuuH u ceiBopotok uM. .M. Meu-
HukoBa (mporokoa Ne 9 ot 09.12.2022).

Buonornueckuit MaTepuan Ol 0OTOOpaH B MEpH-
on ¢ ceHTs10ps 2021 1. mo oktsa6ps 2021 . Ha MomeHT
MPOBEACHHUS HCCIIENOBaHNA, COMTACHO O(HINATHLHBIM
CTaTUCTHUYECKUM JaHHBIM, BCE COTPYAHHMKH OBLIH
MpUBUTHL ABYKpaTHO BakuuHON «['am-KOBU/I-Bax»
B nepuoa ¢ mapra 2021 r. mo centsOps 2021 r. beuta
paspaboTaHa aHKeTa JUIsl OJIy4YCHUs] CBEICHUH O BaK-
LMHALWH, AaTe BBEJIEHUS BTOPOro KOMIIOHEHTa, J1aTe
POXKIEHUS, NOMKHOCTH, OTAENIEHHUH, CTaXKe, a TakkKe
CBeJIcHUI 00 0(UIMaIbHO MOATBEPKAEHHOM MEPCHE-

4 NIPH. COVID-19-EPIDEMIC: Immunity after SARS-CoV-2
infection — a rapid review. URL: https://www.thi.no/globalas-
sets/dokumenterfiler/rapporter/2020/immunity-after-sars-cov-2-
infection- 1st-update-report-2020.pdf

céHHoM 3a0oyieBaHMH U paHee MPOBENEHHBIX HCCIIe-
JoBaHUAX Mo ompeneneHuro IgM- u IgG-antuten x
antureny SARS-CoV-2 B ceiBOpoTKe KpoBU (Ha 0ase
nabopatopun Mopo3zosckoit IT'Kb, PY 2020/10177).

C wenplo MpoBeACHUS aHalKM3a MO MPOEeccHo-
HAJIBHOMY M BO3pacTHOMY MNpH3HAaKaM Bce o0ciero-
BaHHbIC COTPYIHUKH OBUTM pa3[esieHbl Ha CIEAYIOIIUe
IpyIIbl: Bpayd, CPEeIHUNA MEIULUHCKUN IIE€pCOHAal,
MJIaJIIUNA MEAUUMHCKUN NEPCOHAN, aAMUHUCTPALUS,
npoune; mo Bo3pacty: 20-29, 30-39, 4049, 50-59 u
60+ ner.

Onpenenenune [gG-antuten k RBD Spike SARS-
CoV-2 mpoBoaniu ¢ ucnojib3oBanueM Habopa pearen-
TOB Ui Ka4€CTBEHHOTO WMMYHO()EPMEHTHOTO OIpe-
nenenust IgG-antuten k SARS-CoV-2 B ChIBOpOTKE
wiM 1iasMe KpoBu uenoBeka «SARS-CoV-2-NOA-
IgGr», («MenunanTex», Poccust) mo TY 21.20.23-004-
28597318-2020, P3H 2021/15898 ot 30.11.2021. dns
KOJIMYECTBEHHOTO OMNpPEACTICHUS aHTUTEN MPUMEHSITH
KaJIuOpaTopel, NpencTaBisIomue coboil MmocienoBa-
TEJbHBIC pa3BelCHUS CTaHmaprHoro oOpasua BO3
(NIBSC code: 20/136).

Onpenenenne IgG k Nucleoprotein SARS-CoV-2
MPOBOAMIIM CIEAYIOMIMM 00pa3oM B JIYHKH IUIaHIIETa
(MMMYHOCOpOEHTa) € HMMMOOHIM30BAHHBIM PEKOM-
OunanTtHeIM antureHoM Nucleoprotein SARS-CoV-2
BHOCHJIM 00pa3ipbl CHIBOPOTOK B pa3enenuu 1 : 100 B
0,02 M docharnom Oydeprom pacteope pH 7,2, co-
nepxamieM 0,2% OBIYBETO CHIBOPOTOYHOTO aIbOyMH-
Ha, 0,05% Tsun 20. [Tocne nHKyOUpOBaHUS B TEUCHUE
30 MMH ¥ OTMBIBKM BHOCWIU 1O 100 MKJI MOHOKIIO-
HaJIBHBIX aHTuTeNn K IgG yenmoBeka, KOHBIOTUPOBAH-
HBIX C MIEPOKCUAa30H XpeHa B pa3BeaeHuu 1 : 15 000—
1 : 40 000. [ToBTOPSIIM 3Ta MHKYOUPOBAaHUS ¥ BHOCHITH
mo 100 mxi 33 MM nuTparHoro OydepHOro pacrsopa
pH 4,0, comepxamero 0,01% mnepexkucu Bomopoaa u
0,5 MM 3,3',5,5'-rerpamerunoen3uauna. Yepes 15 mun
peakiuio ocranaBinuBaiu jgoOasineHuem 100 mxm 2N
CEpHOW KHUCIIOTHI, U3MEPSUTH ONTUYECKYIO IIOTHOCTb
(OIT) B AByXBOJIHOBOM pPEXHME IPH OCHOBHOM JJIMHE
BOJIHBI 450 HM U 7IMHE BOJIHBI cpaBHEHUSA 680 HM.

[opor oTceyeHns: MONOKUTETBHBIX 00Pa3LOB OT
OTPHLIATEIBHBIX OLIEHUBAIM IMyTEM CpaBHEHHS 3Hade-
Huil uHAekcoB noszutuBHOCTH (MII) aHanm3mpyeMbix
CBIBOPOTOK:

UII = OII /OI1,
OIl, = OHCP'K + 30,

rne OIl ) — OII o6pasua, OIl, — OII noporosas,
OIl_ k — cpennee apupMETHIECKOE 3HAYCHHE PErH-
CTPHUPYEMOTO CUTHaJA /Ul BEIOOPKH CHIBOPOTOK KPOBH
MaIMEHTOB, MOMYYCHHBIX 10 HOs10ps 2019 1. Pesynprar
aHalM3a CUMUTaIM nojoxurenasHsM npu UIT> 1,1, or-
punarensasiM — mnipu UIT < 0,9, HeonpenenéHubM —
mpu 0,9 <UII < 1,1.

Jnst ycraHOBNeHHsT XapakTepa UMMYHHUTETa Obl-
JIM WCIIONB30BaHbl JIaHHBIE aHaMHE3a MalUEHTOB M
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pe3yabTaTsl uccieoBaHus Ha Hanuuue [gG-anTuren
Kk Hykneokancugaomy (NC) 6enky SARS-CoV-2. Ilo-
ckoibKy aHtutena kK NC-0eliky mMoriu o0pa3oBaThCs
TOJILKO TIOCJIE TIEPEHECEHHON MH(EKIMH, ITH UCCIICIO-
BaHMSA [MO3BOJIMIIM BBISIBUTH HAJMUME CHEIU(PUUECKOTO
rubpuaHoro uMMmyHHoro otBeta k COVID-19, cdop-
MHPOBAHHOIO Kak mociie BakiuHaruu «['am-KOBU/I-
Bak», Tak u mocie nepeHecEHHOro 3a00JieBaHUs —
0ecCUMMITOMHOTO MJIM MajloCUMITOMHOTO.

B cooTBeTcTBMM C MONyYEHHBIMU JaHHBIMU BCE
COTPYAHUKH YUpeXIeHHs ObUIM pa3felicHbl Ha TpH
TPYIIIIBL:

* l-1 rpynma — TrHOPUAHBIA HUMMYHHTET —
IgG-anturena k RBD Spike SARS-CoV-2 B
pe3yibprare NpOBEIEHHOW BaKUMHALMM U IIe-
penecénnoro 3aboneanust COVID-19 (takxke
obutn oOHapysxeHs! IgG-anturena k NC SARS-
CoV-2);

* 2-1 Tpynma — MOCTBaKUMHAJIbHBIH HMMYHH-
teT— IgG-anturtena k RBD Spike SARS-CoV-2
nocie BakiuHauu «I'am-KOBU [-Baky;

* 3-1 rpynna — IgG-antutrena k RBD Spike
SARS-CoV-2 orcyTcTBOBaH.

IIpoBeneHbl pacy€Tbl CpEeAHUX T€OMETPUUYECKHUX
ypoBHeill aHTUTEN U 95% NOBEPUTENBHBIX HHTEPBAJIOB
(A1) mo merony Knonnepa—ITupcona’.

JlJ1 OIIeHKH TOCTOBEPHOCTH Pa3Iu4Ui MPUMEHs-
nu t-kputepuid CThIONEHTA, U1l CPABHEHHSI YPOBHSI BbI-
SBJICHHBIX aHTUTEN B TPyIMIax MallueHTOB — KPUTEPU
Manna—YuthHu. Mcnionb30BaHo porpaMMHoOe odecrie
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yenue «Origin 2019b» («OriginLab Corporation») u
«Microsoft Office Excel 2019» («Microsoft»).

Pesynbratbl

[To pesynbraTam wHCCIEAOBaHUS CHIBOPOTOK Ha
IgG-anturena k RBD Spike SARS-CoV-2 ycranosne-
HO, 4To 13 310 00C/IeIOBaHHBIX COTPYIHUKOB CIICIIHA-
JTU3UPOBAHHOTO CTAI[MOHAPA, TPUBUTHIX 2 103aMHU IPO-
tuB COVID-19 Bakuunoi «I'am-KOBHW/I-Baky, anTu-
Tena Obin 0OHapyxeHsl y 288 (92,9%). ¥V 22 (7,1%)
00CJICIOBAaHHBIX TIPUBUTBHIX AHTUTENIAa OBUIM MEHEe
13 BAU/Mi1, 94TO MHTEpHpPETHPYETCS KaK OTCYTCTBUE
cnenuduueckoro UMMYHHOTO OTBETA Y ITUX COTPY/IHH-
KOB, METUAaHHOE BPEMSI MOCIEC BaKIIMHAIIMN COCTABUIIO
93 mus.

OmpenenexHo, uro 67,4% (95% AN 61,9-72,6%)
COCTABJISIOT JIMIA C THOPUIHBIM UMMYHHUTETOM, 25,5%
(95% AU 20,7-30,7%) — nu1ia ¢ TOCTBAKIIMHAIBHBIM
AMMYHUTETOM [OCJIE UMMYyHU3aUUU BaKIMHOU «['am-
KOBUI-Bak», 7,1% (95% AU 4,5-10,6%) — He-
MMMYHHBIC. Pa3HOCTh MEXKy JIMLIaMU ¢ TUOPHUIHBIM
Y TOCTBaKIMHAIBHBIM HUMMYHHUTETOM JOCTOBEpHAas
(t>2).

Bo Bcex mpodeccHoHaNbHBIX TpyIax BbISB-
JSUTUCH JIMIA C Pa3HbIMUA BHJIAMH MMMYHUTETA. TH-
OpUIIHBIM, TIOCTBAKIIMHAIBLHBIM U C OTCYTCTBHEM
IgG-anturen k RBD Spike SARS-CoV-2. Ilpu stom
VICNBbHBIA BEC JIUI] C TUOPUIHBIM UMMYHUTETOM TaK-
e MPEBATMPOBAT BO BCeX MPOPeCCUOHANBHBIX KaTe-
rOpUsiX, HAXOAACH B mpejenax ot 76,1% (MakcuManb-
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11,8
- 1

20,5
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Doctors

CpeaHun

Nursing staff

Mnapwwun
MeOMULIMHCKUI NepcoHan MmeauUMHCKUI nepcoHan  Administration
Junior medical staff
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ALMUHUCTpauus

OlMmbpuaHbIn uMmyHuTeT, % | Hybrid immunity, %
@ lMocTBakuMHanNbHbIM UMMYHUTET, % | Post-vaccination immunity, %

mlgG—, %

Puc. 1. CpaBHuTenbHbIE AaHHBIE NO BUAAM UMMYHUTETA B PasnnyHbIX NPOdECCMOHanbHbIX rpymnnax.
Fig. 1. Comparative data on types of immunity in various occupational groups.

5 KanpKysasTop IOBEPHTENBHOTO HHTEpBala OMHOMHATIBHON Be-
POSITHOCTH.
URL: https://www.danielsoper.com/statcalc/calculator.aspx?id=85
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Puc. 2. CpaBHuTENbHLIE AAHHBIE MO BUAAM MMMYHUTETa B Pa3fUYHbIX BO3PaCTHbIX rpynnax.
Fig. 2. Comparative data on types of immunity in different age groups.

HBIi ypOBEHb CpeIu MIIAAIIETO OOCIYKHBAIOIIETO
nepconana) 10 55,2% (MuUHUMaNbHBIA YPOBEHb CPEIU
Bpaueii; puc. 1).

VY COTPYOHHMKOB C MOCTBaKIMHAJIbHBIM UMMYHU-
TETOM HauOOJBIINKA yAENTbHBIH BEC MMMYHHBIX OBLI
oT™MeueH cpenu Bpaueit (37,9%), 3areM cpemHero me-
JUIMHCKOTO TIepcoHaa, mpo4yero, MiIaiero, aIMHHN-
ctparuu (puc. 1).

BaxxHo momyepkHyTh, 4TO BO Bcex mpodeccHo-
HAJIBHBIX TPYMIAX ONPEeSUIUCH JIMIa, HE UMEIOIIne
IgG-anturen k RBD Spike SARS-CoV-2. bonbue
BCEr0 TaKUX COTPYIHUKOB OBUIO Cpelu MpeAcTaBHTE-
neit agmunuctpanmu (17,6%) u Tonsko 3,4% — cpeau
MJIaJIIIEr0 MEIUIMHCKOTO nepcoHana (puc. 1).

Bo Bcex BO3pacTHBIX TpymIax MNpeBaIHPOBAIU
JUIa ¢ HaJllM4ueM THOpUaHOro nMMmyHHuTera. Hanbo-
JIee BBICOKHU YAEJBbHBIM BEC COTPYAHUKOB C TaKUM
BHJOM UMMYHHUTETa OTMEUYEH B BO3PACTHOH TpyIIe
50-59 ner (72,3%), nanee ciepoBaia BO3pacTHas Ka-
teropus 60 net u crapie, 4049, 30-39 u 20-29 ner
(puc. 2). Cpeau nu1 ¢ TOCTBAKIIMHATBHBIM UMMYHH-
TETOM HAauOONBIINHA YIENbHBII BEC JHI C HAUYHEM
IgG-anturen x RBD Spike SARS-CoV-2 oTmeueH B
Bo3pacTtHo# rpynne 20-29 net (42,9%), caMblif HU3-

kuit — cpenu mun 50-59 net (18,1%). CorpynHuku
C CEpOHETAaTUBHBIMHU pPE3yiIbTaTaMU BCTPEYAIHNCh BO
BCEX BO3PACTHBIX TpyMNIax, HAUOONBLIMHA yHENb-
HbId BEC TAaKWX JIML OTMEYEH B BO3PACTHOW TIpyIlIie
50-59 ner (9,6%).

KonnuectBeHHast orieHKa ypoBHS CliCU(PUIECKUX
AHTUTEI BCEH KOTOPTHI 00CIEOBaHHBIX MEAUIIUHCKUX
COTPYIHUKOB IOKa3ajna, 4To ypoBeHb IgG-aHTuTEN K
RBD Spike SARS-CoV-2 150-300 BAU/mi 6bL1 BbI-
aBieH y 41,9% menununckux pabotarkos, IgG k RBD
Spike SARS-CoV-2 ot 13-150 BAU/Mn — y 39,4%,
oonee 300 BAU/Mn — y 11,6%, ocraBmuecs 7,1%
corpyanukoB umenu IgG xk RBD Spike SARS-CoV-2
menee 13 BAU/mu.

IIpu pacu€re cpenHell TeOMETPUYECKON KOJIHMYe-
ctBenHoro tutpa IgG-antuten k RBD Spike SARS-
CoV-2 y nun ¢ THOpUAHBIM UMMYHHTETOM OKa3aJlach
Bhie (162,4 BAU/mit), 4eM y JIHI ¢ TOCTBAKIWHAIIb-
HbIM ©MMyHUTETOM (104,5 BAU/MI).

IIpu cpaBHUTENBHON KOJIWYECTBEHHOM OLICHKE
YpOBHEH aHTHTEN Y JIMI ¢ THOPUIHBIM U C MOCTBAaK-
UUHAJbHBIM MMMYHUTETOM YCTAaHOBJIEHO 4TO Oolee
BbICOKHMI ypoBeHb IgG-antuten k RBD Spike SARS-
CoV-2 (p < 0,01) 6b11 B rpynmne MeapaOOTHUKOB C TH-

Pesynbrathl KonMyecTBeHHOro onpeaeneHust yposHs IgG-aHTtuTen k RBD Spike SARS-CoV-2 B COOTBETCTBUU CO CTaHAAPTOM

BO3 NIBSC 20/136

Results of quantitation of IgG antibodies to RBD Spike SARS-CoV-2 against the WHO standard NIBSC 20/136

IgG-anTuTEena, BAU/mn
IgG antibodies, BAU/mI

Bcero, abc. (%)
Total, abs. (%)

B ToM yncne ¢ rubpnaHeIM UIMMYHUTETOM,
% (95% W)
Including hybrid immunity,

B Tom uncne ¢ nocTBakuMHanbHbIM
nmmyHutetToM, % (95% W)
Including post-vaccination immunity,
% (95% ClI)

% (95% Cl)
<13 22 (7,1%) -
13-150 124 62,9 (53,8-71,4)
150-300 128 77,3 (69,1-84,3)
>300 36 88,9 (73,9-96,9)
WToro | Total 310 67,4 (61,9-72,6)

37,1 (28,6-46,2)
22,7 (15,7-30,9)
11,1 (3,1-26,1)
25,5 (20,7-30,7)
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OpuaHbBIM UMMYHUTETOM. [Ipu 3TOM B KOrOpTE C YpOB-
HeM anTuten >300 BAU/Mn 88,9% cocraBuiu coTpya-
HUKH ¢ THOpUIHBIM UMMyHHUTETOM, a 11,8% — nmua c
MOCTBAKIIMHAIILHBIM UMMYHUTETOM. Cpeau Bcex Mpu-
BUTHIX Y 7,1% JHIl ypOBEHb aHTUTEN COCTAaBUI MEHEE
13 BAU/ma (Tabauua).

B cootBercTBHM ¢ KpuTepuem ManHa—YuTHH 00-
Jiee BBICOKHM ypOBEHb aHTUTEN BBISIBJIECH Y MIIAJILIETO
M CTapIlero MEIWLMHCKOTO MEepCoHana ¢ THOPUIHBIM
ummyHuTeToM (p = 0,05). Mexay ocTaabHBIMU TpyI-
MaMH JIOCTOBEPHOH pa3HUIIBI HE 00HAPYKEHO, BO3MOXK-
HO, B CBSI3U C HEOOJBIINM KOJHMYECTBOM IALIMEHTOM B
psae rpym.

IgG-anTurena k RBD Spike SARS-CoV-2 B cpo-
KM 10 3 Mec onpeaesuiuck y 62,8% coTpyaHHUKOB, OT 3
1o 6 mec —y 25% u ot 6 Mmec —y 12,2%.

O6cyxpaeHune

Ha ceromusmnmii JeHb paboT MO M3yYEHHUIO UM-
MYHHUTETA II0CJIE NPOBEAEHHON UMMYHU3ALUU, IEpe-
HeCEHHOTO 3a00JIeBaHUS MM U TOTO W JIPYTroro Heo-
CTaTO4YHO, a CHUCTEMaTH4YecKHe 0030pbl MPaKTHYECKH
orcyTcTBYyIOT. [IpoBenéHnass HamMmu paboTa MO3BOJSET
JlaThb HEKOTOPYIO OLIEHKY T'yMOPaJbHOTO HMMYHHTE-
Ta TOJHOCTBIO MPHUBUTBHIX MEAULIMHCKUX PaOOTHHUKOB.
Hmeromuecst 1aHHBIE IO UCCIIEIOBAHUI0 UMMYHHUTETA
CpeAd MEOUIMHCKUX PAaOOTHUKOB XapaKTepH3YIOTCS
BapuabebHOCTHIO 3HAYEHUH B 3aBUCIMOCTH OT CPOKOB
BaKI[MHALUH, JaThl 3a00J1€BaHMsl, TSHKECTH TEUCHUS U
pana apyrux npuuuH. Hanpumep, B Mockse 110 nipose-
JleHus1 MaccoBoi BakiuHanuu [gG-anturena K BUpycy
SARS-CoV-2 o0HapyxuBanuch y 22,1% MeIUIUHCKUX
pabotnuxos, B Kazanu —y 16,4%, B Cankr-IletepOyp-
re —y 27,1%, uto ObUI0 00YCTIOBIEHO MCKIIOYUTENb-
HO HAJIMYMEM MOCTHH()EKIIMOHHOTO UMMYHUTETa [6, 7].
Ilo nanHpIM 3apyOexHbIX uccienoBaHuii, B 2020—
2021 rr. pacnpoctpanénHocth IgG-anturen k SARS-
CoV-2 cocraBuna 12,4% B CIIA, 7,7% B EBpome,
4,8% B Boctounoii A3uu. B Gonee no3nanux pabdorax,
npoBoauMBIX B Poccuu, ynenpHbINH BeC MEAMLIMHCKUX
pabornukoB ¢ Hamuuuem lgG-anturen k RBD Spike
SARS-CoV nocne BakiMHaIlMd U MEPEHECEHHOTO 3a-
OoneBaHus yBenuuwica U coctaBui 82,6% B Apxal-
renbckol obnact u 99,4% na Cpennem Ypaie [8, 9].

B Hamem uccrienoBaHuM 10758 METULIMHCKHX CO-
TpyauukoB ¢ IgG-anturenamun k RBD Spike SARS-
CoV-2, chopMupoBaBIIMMHCS KaK TTOCIIEC BAKIIMHAIUH
«'am-KOBH/I-Bak», Tak u B pe3yaprare nepeHeceH-
HOTO 3a0osneBanus, coctaBmia 92,9% u tonvko y 7,1%
OTCYTCTBOB&JI cHenu(UUecCKuid WMMYHHBIH OTBET.
VYcranoBneHo Taxxe, 4To 67,4% COTPYIHUKOB UMEIOT
cneunguueckue IgG-anturena k NC-0enky, 4To yka-
3bIBA€T Ha NMPHOOPETEHHE UX B PE3YJIbTaTe BCTPEUH C
«ITUKUM» BUPYCOM U BO3MOXKHOCTBIO TIepeHecTH 3a00-
nesanue COVID-19 B ManocuMnToMHOH 1iu O6eccum-
OTOMHOM (hopMme, B TO BpeMs Kak aHAMHECTHYECKHUE
JJaHHBIE CBMJICTEILCTBOBAJIM O IEPEHECEHHOM paHee
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3a00eBaHNH TOJIBKO Y 15,8% cOTpyaHHMKOB, y4acTBy-
IOLUX B UCClie0BaHUM. Harm pe3ynbTarsl TakKe yKa-
3BIBAIOT Ha TO, YTO Cpelu OOCIIeIOBAHHBIX IMPEBANIHU-
pYET oJIs U ¢ TUOPUIHBIM UMMYHHUTETOM — 67,4%
(95% AN 62,18-72,62%) nporus 25,5% (95% AU
20,65-30,35%) y TONBKO BaKIIMHUPOBAHHBIX.

Bonpiie Bcero Hamu OBLIO BBISIBICHO COTPYAHU-
KOB C THOPHIHBIM UMMYHHTETOM B KaT€rOPHH MJIa IIIe-
IO MEUIIMHCKOTO MepCcoHalIa, YTO, BO3MO)KHO, CBA3aHO
¢ Oosee ONU3KUMU U Oosee IIUTENbHBIMA KOHTAKTaMHU
IIpU yXOZE 3a MAlMeHTaMU U HETOJIHBIM COOMIONeHNU-
€M MU CaHUTAPHO-IPOTHBOAHIEMUIECKOTO PEXUMA.
Cpenu BpaueOHOTO MepcoHasa ropaszio HIKe, 4eM cpe-
U IPYyTUX KAaTeropuil ImepcoHana, yAeIbHbIA BEC JIMIL
¢ THOpPHIHBIM HUMMYHHUTETOM U BBIIIE YIEJIBHBIA BEC
JuL, TpUBUTHIX NMPoTUB SARS-CoV-2, yTo yKa3bIBaeT
Ha 3HAUMTEJIbHO MEHBIINE KOHTAaKThl C MallMeHTaMH,
OoJiee BHICOKHE OTBETCTBEHHOCTB, [PAMOTHOCTb W Ha-
CTOPOKEHHOCTB JIUL] ’TOW KaTErOPHH.

MBpI Takke BBISIBUIIM, YTO B CTApILIMX BO3PACTHBIX
kareropusx (50-59 u 60+ jer) yaenbHBI BeC JUIL C
rubpuaabiM uMMmynuTeToM (IgG k RBD Spike SARS-
CoV-2 u IgG k NC-0enky) npeBaqupoBai U COCTaBIISLI
72,3 u 67,1% COOTBETCTBECHHO, YTO COBHANACT C JaH-
HBIMU O(MIMATIBLHON CTaTUCTHKH 1O 3a00JeBaeMOCTH
COVID-19. Ilo uroram 2021 r. B BO3pacTHBIX IpyIIax
crapuie 50 JeT ylaelnbHbIM BeC 3a00JICBIIUX COCTABUII
44% [10]. C mocTBaKIMHAILHBIM UMMYHUTETOM O0Jiee
BBICOKHMH yAENbHBIA Bec Jul ¢ HamuuueM IgG-aHTu-
ten k RBD Spike SARS-CoV-2 0Obi1 oTMeueH cpenu
aun 20-29 net (42,9%). [lo 3apyOeXHBIM JaHHBIM, B
CILIA 6onee BbicoKkas pacrpocTpaHéHHOCTb [gG-aHTu-
TEJl CpeAr MEAULIUHCKUX pAaOOTHUKOB OTMEUECHA Y JIUI]
miamiie 40 net, B EBpornie u Boctounoit Azun — cpenu
MEIMIUHCKAX PaOOTHHUKOB CTApILIEro BO3pacTa, y JIUI]
B Bo3pacte 18—29 neT BBIABICH MaKCUMAaTIbHBIM MOKa-
3areNb CEPONO3UTHUBHBIX pe3yasraros (21,0%), B rpym-
e 60-69 ner — 18,2%, 35-54 ner — 54,5% [11-13].

N3BectHO, uTo okono 10% HaceneHus He BbIpa-
0aTBHIBAIOT aHTUTENA, YTO MOXKET OBITh CBA3aHO C OCO-
OCHHOCTSIMM UMMYHHOW CHCTEMBl WIH APYTHMMHU MpPU-
ypHaMu. B mpoBenénHom Hamu uccienoBanuu 7,1%
MEIUIUHCKAX PaOOTHUKOB OKa3aJlCh HEMMMYHHBIMH.
HaunOonpmmii ynenbHbIi Bec TaKUX JIML OTMEYEH Cpe-
i agmunuctparuu (17,6%) u cpenu ymil B Bo3pac-
e 50-59 7et (9,6%), 4acTh U3 KOTOPHIX TaKke ObUIH
MpeJCTaBUTENAMU agMUHUCTpauuy. [lonydeHnHsle pe-
3yJABTaThl TPEOYIOT AOTIOJIHUTEIBHOTO U3YUCHUSI.

B xoze uccnenoBaHus MoMy4YeHbl JaHHBIE O KOJHU-
yectBeHHOM ypoBHe IgG-antuten k RBD Spike SARS-
CoV-2. VYnenpHbI BEC COTPYIHUKOB C 3aIlIUTHBIMU
ypoBrasimMu antuten 300 BAU/mMa u Oonee cocraBui
ToNbKO 11,6% H3 Bcex 00CiIeq0BaHHbIX, JOJIA JIULL C TH-
OpHIHBIM UMMYHUTETOM NPEBAJIMPOBajia HaJl TEMH, KTO
HAMEN TAKUE K€ YPOBHHM IIOCIE NPOBEAEHHON UMMYHU-
3armu (10,3% npotus 1,3%). OnHako Ha CETOMHAITHHIMA
JIEHb HE U3BECTHO, KaK JIOJT0 COXPAaHSIOTCA aHTUTEa
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nocJie Kypca BaKLIMHAMY U PEBaKLMHALINY, a TAKXKe MO-
clie IEpPeHEeCEHHOT0 3a00JIeBaHMs M KAKOB IOIDKEH OBITH
WX 3alUTHBIA YPOBEHb, T.K. OOILETPHHSATOTO YPOBHS
QHTUTEJN, HEOOXOOUMOTO /IS 3alIMTHl, HA JAaHHBIA MO-
MEHT HE CyIIeCTBYeT. IMMYHHBIN OTBET Ha WH(EKIIHUIO
y pa3HbIX JIIOJCH OKa3bIBacTCsl BEChbMa BapuaOeIbHBIM.
ITo mamubiM S. Feng u cOaBT.,, 3alIUTHBIM SIBISETCA
ypoBenb IgG-antuten He menee 300 BAU/mn [14].
Heo0xonuMo OTMETUTh, YTO MOCHE BaKIMHALUK MPO-
TuB SARS-CoV-2 mnurensHocTs nupkynsauuu 1gG-an-
TUTEN HEOIMHAKOBA U BO MHOTOM 3aBHCHUT OT MHIMBH-
IOyaJIbHBIX 0COOCHHOCTEH opranu3ma. B Hamiem uccie-
noBanun IgG-antutena k RBD Spike SARS-CoV-2
B OOJBLIEM MPOILEHTE CIy4YaeB BBISBISUIMCH Ha Oosee
pPaHHUX CpOKax OT Hayaja BaKIMHAIMU: A0 3 Mec —y
62,8%, 3—6 mec — y 25%, ot 6 mec — y 12,2%. Ilo-
XOXKHM€ JaHHBIE TMOyYeHbI JPYTUMHU UCCIIEI0BATEISIMH,
OTIpECIISBIIMMH COXPaHEHHE HAIPSHKEHHOTO OCTBAK-
LMHATBFHOTO MMMYHUTETA HE MeHee 6 mec [15].

[Mony4eHHBIE Pe3yabTaThl CEPONIOTHUECKOTO HC-
CJICIOBaHUS ¢ yU4ETOM BO3PACTHBIX M NpodeccuoHab-
HBIX 4CTIEKTOB MOTYT CIIY>KUTh OCHOBOH IS KOPPEKTHU-
POBKH NPOQHUIAKTUYECKHX MEPONPHUITUH B MEAUINH-
CKUX YUPEKICHHUSX.

BbiBOADI

1. Cnenuduueckne IgG-antutena k RBD Spike
SARS-CoV-2 o6Hapyxensl y 92,9% oOcnenoBaH-

HBIX JIULI.
2. Ycranosieno, 4yro 67,4% cCOCTaBISIOT JUIA C
THOpPUIHBIM UMMYHHTETOM, 25,5% — nuna c

MOCTBaKIMHAJIbHBIM HMMYHUTETOM IIOCIE HM-
MyHu3anuu — BakuumHOM  «l'amM-KOBU/I-Baky,
7,1% — HEeUMMyHHBIE.

3. Hons nuu ¢ THOPUAHBIM HMMYHHUTETOM TpEBa-
poBana cpeau npodheccHoHaIbHBIX TPYII CPeaHe-
ro MEIWIMHCKOTO MepCcoHasa, MIIAAIIEro, aaMu-
HUCTpallMU ¥ MPOYEro MepcoHana, a Takke BO3-
pactabix rpynm 30-39, 40-49, 50-59 u 60+ nert.

4. bonee Bbicokuii ypoBeHb IgG-antuten x RBD
Spike SARS-CoV-2 BblsiBIIeH B TpyIIIe JIUI] C TH-
OpuaHeIM UMMYyHHUTETOM (P < 0,01).

5. 3amuTHbIN ypoBeHb anTUTEN Ooee 300 BAU/Mn
uMenu Tonbko 11,6% coTpyaHUKOB.

CIINCOK UCTOYHUKOB

1. Sethuraman N., Jeremiah S.S., Ryo A. Interpreting diagnostic
tests for SARS-CoV-2. JAMA. 2020; 323(22): 2249-51.
https://doi.org/10.1001/jama.2020.8259

2. Shenai M.B., Rahme R., Noorchashm H. Equivalency of
protection from natural immunity in COVID-19 recovered
versus fully vaccinated persons: a systematic review and pooled
analysis. Cureus. 2021; 13(10): e19102.
https://doi.org/10.7759/cureus.19102

3. Lumley S.F., WeiJ., O'Donnell D., Stoesser N.E., Matthews P.C.,
Howarth A., et al. The duration, dynamics, and determinants
of severe acute respiratory syndrome coronavirus 2 (SARS-

10.

I1.

12.

13.

14.

15

CoV-2) antibody responses in individual healthcare workers.
Clin. Infect. Dis. 2021; 73(3): €¢699-709.
https://doi.org/10.1093/cid/ciab004

. Munzgpas P®. BpemeHHblE METOAMUYECKHE PEKOMEHAALUU

«IIpodumnakTuka, AMarHOCTHKAa M JIeYeHWE HOBOW KOPOHABH-
pycHoit uadpexmu (COVID-19) Bepcust 11». M.; 2021.

Sachs J.D., Karim S.S.A., Aknin L., Allen J., Brosbel K.,
Colombo F., et al. The Lancet Commission on lessons for
the future from the COVID-19 pandemic. Lancet. 2022;
400(10359): 1224-80.
https://doi.org/10.1016/S0140-6736(22)01585-9

[omosa A.IO., ExnoBa E.b., MenpaukoBa A.A., AHzapee-
Ba E.E., Kombaposa C.1O., Anemkun A.B. u np. Ceponpesa-
JIEHTHOCTH K BUpYcY SARS-CoV-2 cpenu MeqUIMHCKUX paboT-
HUKOB T. MockBhI B anpene—aekadpe 2020 ropa. Hrgexyuon-
uvte boneznu. 2021; 19(3): 5-13.
https://doi.org/10.20953/1729-9225-2021-3-5-13
PemernukoBa W.JI., Araponosa E.B., Tropun lO.A., Kynu-
xoB C.H., I'mnszytaunosa [.®., Jlomymos 1.B. u ap. Oneit nsy-
YEHHs KOJUIEKTHBHOTO M NIEPCOHAIEHOI0 HIMMYHHUTETA K BUPYCY
SARS-CoV-2 y menuuuHckux paboTHHUKOB. [Ipobnems 0cobo
onacnuvix ungexyuiu. 2021; (2): 123-40.
https://doi.org/10.21055/0370-1069-2021-2-123-130
Camopona O.B., Kpurep E.A., Porymmnua H.JI. Onenka rymo-
paJbHOTO MMMYHHTETa K HEKOTOPHIM BAaKIMHOKOHTPOJIHpYE-
MBIM MHQEKIUSIM y MEIUINHCKHX PaOOTHHKOB WH(EKIMOH-
HBIX CTALMOHAPOB. DNUAEMUONO2US U BAKYUHONPODUIAKMUKA.
2022; 21(4): 37-47.
https://doi.org/10.31631/2073-3046-2022-21-4-37-47
[TnatonoBa T.A., Tomy6koBa A.A., Cxsip M.C., KapboBHu-
yasg E.A., CmupHoBa C.C. K Bompocy oueHku 3¢)(eKTUBHOCTH
BaKIMHAI[MN COTPYIHUKOB MEIUINHCKIX OpraHU3aIMii TPOTHB
COVID-19. Snuoemuonoeus u eaxyurnonpogunakmura. 2022;
21(1): 61-6.
https://doi.org/10.31631/2073-3046-2022-21-1-61-66
TocynapcTBeHHbId oknan «O COCTOSHHH CaHUTapHO-3ITH/IC-
MHOJIOTHYECKOro Onaronoinydus HaceneHus B Poccuiickoit de-
nepauuu B 2021 rogy». M.; 2022.

AradonoBa E.B., Kymuko C.H., Pemernuxosa U.[., Tro-
pus I0.A., I'uszytaunosa I.®., Jlonmymos /[.B. u np. Pe3syns-
TaThl HCCeNoBaHus ceporpeBaieHTHOCTH K SARS-CoV-2 y
MEIUIMHCKUX PaOOTHUKOB: BO3PAcTHBIE U IPO(ECCHOHAIBHBIC
aCmeKThl. Dnudemuonocuss u eaxyunonpogurakmura. 2021;
20(2): 49-57.
https://doi.org/10.31631/2073-3046-2021-20-2-49-5

Balou H.A., Yaghubi Kalurazi T., Joukar F., Hassanipour S.,
Shenagari M., Khoshsorour M., et al. High seroprevalence
of SARS-CoV-2 (COVID-19)-specific antibodies among
healthcare workers: A cross-sectional study in Guilan, Iran. J.
Environ. Public Health. 2021; 2021: 9081491.
https://doi.org/10.1155/2021/908149

Hossain A., Nasrullah S.M., Tasnim Z., Hasan MK,
Hasan M.M. Seroprevalence of SARS-CoV-2 IgG antibodies
among health care workers prior to vaccine administration in
Europe, the USA and East Asia: A systematic review and meta-
analysis. EClinicalMedicine. 2021; 33: 100770.
https://doi.org/10.1016/j.eclinm.2021.100770

Feng S., Phillips D.J., White T., Sayal H., Aley P.K., Bibi S.,
et al. Correlates of protection against symptomatic and asym-
ptomatic SARS-CoV-2 infection. Nat. Med. 2021; 27(11):
2032-40.

https://doi.org/10.1038/541591-021-01540-1

. AunpeeB U.B., Heuwaii K.O., Auapee A.U., 3ybapéra A.IL,

Ecaymnosa /I.P., AnenoBa A.M. u np. [locTBakIMHANBbHBINA U
MOCTHH(EKIMOHHBII TYMOpPAIbHBIH HMMYHHBIH OTBET Ha HH-
dexmuro SARS-CoV-2. Humynonoeus. 2022; 43(1): 18-32.
https://doi.org/10.33029/0206- 4952-2022-43-1-18-32


https://doi.org/10.33029/0206- 4952-2022-43-1-18-32

102

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023;100(1)

DOI: https://doi.org/10.36233/0372-9311-254

REFERENCES

1. Sethuraman N., Jeremiah S.S., Ryo A. Interpreting diagnostic
tests for SARS-CoV-2. JAMA. 2020; 323(22): 2249-51.
https://doi.org/10.1001/jama.2020.8259

2. Shenai M.B., Rahme R., Noorchashm H. Equivalency of
protection from natural immunity in COVID-19 recovered
versus fully vaccinated persons: a systematic review and pooled
analysis. Cureus. 2021; 13(10): €19102.
https://doi.org/10.7759/cureus.19102

3. Lumley S.F., Wei J., O'Donnell D., Stoesser N.E., Mat-
thews P.C., Howarth A., et al. The duration, dynamics, and
determinants of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) antibody responses in individual healthcare
workers. Clin. Infect. Dis. 2021; 73(3): €699-709.
https://doi.org/10.1093/cid/ciab004

4. The Ministry of Health of the Russian Federation. Temporary
guidelines «Prevention, diagnosis and treatment of new coro-
navirus infection (COVID-19) Version 11». Moscow; 2021. (in
Russian)

5. Sachs J.D., Karim S.S.A., Aknin L., Allen J., Brosbel K., Co-
lombo F., et al. The Lancet Commission on lessons for the fu-
ture from the COVID-19 pandemic. Lancet. 2022; 400(10359):
1224-80. https://doi.org/10.1016/S0140-6736(22)01585-9

6. Popova A.Yu., Ezhlova E.B., Mel'nikova A.A., Andreeva E.E.,
Kombarova S.Yu., Aleshkin A.V.,, et al. Seroprevalence of an-
ti-SARS-CoV-2 antibodies among healthcare professionals in
Moscow in April-December 2020. Infektsionnye bolezni. 2021,
19(3): 5-13.
https://doi.org/10.20953/1729-9225-2021-3-5-13 (in Russian)

7. Reshetnikova I.D., Agafonova E.V., Tyurin Yu.A., Kulikov S.N.,
Gilyazutdinova G.F., Lopushov D.V., et al. Experience in study-
ing herd and individual immunity to the SARS-CoV-2 virus in
medical workers. Problemy osobo opasnykh infektsiy. 2021; (2):
123-40. https://doi.org/10.21055/0370-1069-2021-2-123-130
(in Russian)

8. Samodova O.V., Kriger E.A., Rogushina N.L. Assessment
of humoral immunity to certain vaccine-controlled infec-
tions in medical workers of infectious hospitals. Epidemiolo-

UHpopmayusi 06 asmopax

Myp3uHa AnéHa AHdpeeeHa™ — M.H.c., HUWM BakumH n cbisopo-
TOK UMm. N.N. MeununkoBa, Mocksa, Poccus, alena_11_08@mail.ru,
https://orcid.org/0000-0001-9029-9613

Bopucosa Ornbea BacunbeeHa — K.X.H., 3aB. nab. MeguumHckon 6mo-
TexHonorum HAW BakumH n ceiBopotok nm. .. MeuHukoBa, Mockea,
Poccus, https://orcid.org/0000-0002-7664-2945

KanbHuH Meops Bopucosuy — K.M.H., TOCNUTanbHbIA 3NAEMUOIIOT,
Mecuxmatpuyeckan 6onbHuua um. B.U. AkoeeHko, noc. Meluepckoe,
MockoBckas o6n., Poccus, https://orcid.org/0000-0002-8807-8245

Medsedesa EseeHusi AnekcaHOposHa — K.M.H., [MaBHbIA cnewuuma-
nuct OTtaena meguumHckmx Hayk PAH, Mockea, Poccus,
https://orcid.org/0000-0001-7786-3777

MapbuH lepmaH eHHadbesuY — [.M.H., 3aM. akaieMuKa-cekpeTapsi
Nno Hay4yHO-OpraHusauuoHHou pabote OTaena MeauLMHCKMX Hayk
PAH, Mocksa, Poccus,

https://orcid.org/0000-0003-2179-8421

Kaupa Anna HukonaeeHa — f.M.H., 3aB. nab. anMaemMmnonornyeckoro
aHanu3a 1 MOHUTOpPUHra 3a MHEeKUMOHHbIMK 3aboneBaHnamu HAN
BaKLUWH U CbIBOPOTOK M. .. MeyHnkoBa, Mocksa, Poccus,
https://orcid.org/0000-0002-9378-64 14

Yyacmue aemopoe. Bce aBTOpbl BHECNN CYLLECTBEHHLIN BKNazg B

npoBeAeHNE MOUCKOBO-aHaNMTUYeCcKon paboTbl U MOArOTOBKY CTa-

TbU1, MPOYNU 1 0[o0PUIN MHANBHYIO BEPCUIO A0 MyGnvkaumm.
Cratbsi noctynuna B pegakuuio 06.08.2022;

npuHsTa k nyénukaumm 10.10.2022;
ony6nukoBaHa 14.02.2022

ORIGINAL RESEARCHES

giya i vaktsinoprofilaktika. 2022; 21(4): 37-47. https://doi.
org/10.31631/2073-3046-2022-21-4-37-47 (in Russian)

9. Platonova T.A., Golubkova A.A., Sklyar M.S., Karbovni-
chayaE.A.,SmirnovaS.S. Ontheissue ofevaluating the effective-
ness of vaccination ofemployees of medical organizations against
COVID-19. Epidemiologiya i vaktsinoprofilaktika. 2022; 21(1):
61-6.  https://doi.org/10.31631/2073-3046-2022-21-1-61-66
(in Russian)

10. State Report «On the state of sanitary and epidemiological wel-
fare of the population in the Russian Federation in 2021». Mos-
cow; 2022. (in Russian)

11. Agafonova E.V., Kulikov S.N., Reshetnikova 1.D., Tyu-
rin Yu.A., Gilyazutdinova G.F., Lopushov D.V,, et al. Seroprev-
alence study results to SARS-CoV-2 in healthcare workers: age
and professional aspects. Epidemiologiya i vaktsinoprofilaktika.
2021; 20(2): 49-57. https://doi.org/10.31631/2073-3046-2021-
20-2-49-5 (in Russian)

12. Balou H.A., Yaghubi Kalurazi T., Joukar F., Hassanipour S.,
Shenagari M., Khoshsorour M., et al. High seroprevalence of
SARS-CoV-2 (COVID-19)-specific antibodies among health-
care workers: A cross-sectional study in Guilan, Iran. J. Envi-
ron. Public Health. 2021; 2021: 9081491.
https://doi.org/10.1155/2021/908149

13. Hossain A., Nasrullah S.M., Tasnim Z., Hasan M.K.,
Hasan M.M. Seroprevalence of SARS-CoV-2 IgG antibodies
among health care workers prior to vaccine administration in
Europe, the USA and East Asia: A systematic review and me-
ta-analysis. EClinicalMedicine. 2021; 33: 100770.
https://doi.org/10.1016/j.eclinm.2021.100770

14. Feng S., Phillips D.J., White T., Sayal H., Aley P.K., Bibi S., et al.
Correlates of protection against symptomatic and asymptomatic
SARS-CoV-2 infection. Nat. Med. 2021;27(11): 2032—-40.
https://doi.org/10.1038/s41591-021-01540-1

15. Andreev 1.V., Nechai K.O., Andreev A.l., Zubareva A.P., Esa-
ulova D.R., Alyonova A.M., et al. Post-vaccination and post-in-
fectious humoral immune response to SARS-CoV-2 infection.
Immunology. 2022; 43 (1): 18-32.
https://doi.org/10.33029/0206- 4952-2022-43-1-18-32.

Information about the authors

Alyona A. Murzina® — junior researcher, |.I. Mechnikov Research
Institute for Vaccines and Sera, Moscow, Russia,
alena_11_08@mail.ru, https://orcid.org/0000-0001-9029-9613

Olga V. Borisova — Cand. Sci. (Chem.), Head, Laboratory of medical
biotechnology, I.I. Mechnikov Research Institute for Vaccines and Se-
ra, Moscow, Russia, https://orcid.org/0000-0002-7664-2945

Igor B. Kalnin — Cand. Sci. (Med.), Hospital epidemiologist, V.I. Yako-
venko Psychiatric Hospital, Meshcherskoe, Moscow region, Russia,
https://orcid.org/0000-0002-8807-8245

Evgenia A. Medvedeva — Cand. Sci. (Med.), Chief Specialist, De-
partment of Medical Sciences of the Russian Academy of Sciences,
Moscow, Russia, https://orcid.org/0000-0001-7786-3777

German G. Marin — D. Sci. (Med.), Professor, deputy Academician-
Secretary for Scientific and Organizational Work, Department of Me-
dical Sciences of the Russian Academy of Sciences, Moscow, Rus-
sia, https://orcid.org/0000-0003-2179-8421

Alla N. Kaira — D. Sci. (Med.), Head, Laboratory for epidemiological
analysis and monitoring of infectious diseases, |.I. Mechnikov Re-
search Institute for Vaccines and Sera, Moscow, Russia; Professor,
Department of epidemiology, Russian Medical Academy of Continu-
ing Professional Education, Moscow, Russia,
https://orcid.org/0000-0002-9378-6414

Author contribution. All authors made a substantial contribution

to the conception of the work, acquisition, analysis, interpretation of

data for the work, drafting and revising the work, final approval of the
version to be published.

The article was submitted 06.08.2022;

accepted for publication 10.10.2022;

published 14.02.2022


https://orcid.org/0000-0001-9029-9613
https://orcid.org/0000-0001-7786-3777
https://orcid.org/0000-0003-2179-8421
 SPIN-код: 5207-4570, https://orcid.org/0000-0002-9378-6414
https://orcid.org/0000-0001-9029-9613
https://orcid.org/0000-0001-7786-3777
https://orcid.org/0000-0003-2179-8421
https://orcid.org/0000-0002-9378-6414

KYPHAJ1 MUKPOBUOJIOTUIN, SMTMAEMNONOTUN N UMMYHOBUOJOIMMI. 2023; 100(1) 103
DOI: https://doi.org/10.36233/0372-9311-316

OPUTMHANBbHbBIE UCCNEOOBAHUA

OpuirnHanbHoe nccnefoBaHune
DOI: https://doi.org/10.36233/0372-9311-316

UccnepgoBaHne NpoTMBOBUPYCHOW aKTUBHOCT BOAOPAaCTBOPMMOTO
MenaHuHa u3 ante4yHom yarm (Inonotus obliquus) B oTHOWeHUN BUpYyca
rpunna A cy6Tunos H5N1, H3N2 n HIN1pdmO09 B 3kcnepumeHTax
invitro

®ununnosa E.WN., Makapesuu E.B., MpoueHko M.A.*, Masypkos O.10.,
Tennakosa T.B., Ma3sypkosa H.A.

focynapcTBeHHbIV HayUHBbIN LLEHTP BUpPYconorum n buotexHonorum «Bektop», KonbLoso, Poccus

AHHOMayus

AxTyanbHocTb. Bupyc rpunna A saBnaeTcs NpUYnMHON BO3HUKHOBEHWS SNUAEMUI U NAHAEMUA, HAHOCALLMX KO-
noccarnbHbI BpeL 340POBbI0 U COLMarnibHO-3KOHOMUYECKOMY MOMOXEHUIO HaceneHus. B cBs3n ¢ Heobxoanmo-
CTbi0 pa3paboTKM HOBbLIX METOAOB STUOTPOMHON Tepanuu, a Takke C BO3pacTalollenl CMOoCOOHOCTLIO BMPYCOB
NpOTMBOAENCTBOBATL NMPUMEHAEMbIM Npenapatam NonCK HOBbIX hapMakonormyeckn akTMBHbLIX BELLECTB U MNo-
cnepyLlee U3y4eHne Ux NekapCcTBEHHbIX CBOMCTB 0bragaeT HEOCNOPMMOW aKTyarnbHOCTbIO.

Llenb — n3y4yeHne npoTUMBOBUPYCHbLIX CBOMCTB MEMNaHnHa, Nnony4eHHoro 13 anteyHon varu (/nonotus obliquus),
B OTHOLLEHMW pasHbIX Cy6TMNOB BUpYyca rpunna.

Matepuansi u metoabl. Obpasey BogopacTBOpUMOro MenaHuHa /nonotus obliquus, NonyyYeHHbIn MeToaoM
LLIeNOYHOTro r’Maponunsa u BbicylweHHbIM npy 40°C, 6bin nccnegoBaH Ha TOKCUYHOCTb M MPOTUBOBUPYCHYHO aK-
TMBHOCTb. B kayecTBe pedepeHc-npenapata 1cnonb3oBaH KOMMepPYECKui NPOTUBOrPUNMNO3HbLIN Npenapat Ta-
Mucnto®. Ctatuctudeckasi obpaboTtka nonyveHHbIX AaHHbIX NpoBegeHa no metogy CnmpmeHa—Kep6Gepa.
Pesynbratbl. [nda kynetypbl knetok MDCK 6binv ycTaHOBMNEHbI MapKepbl TOKCUMHOCTU MernaHuHa n3 yarum (06-
paseL 20-24), Takme kak MakcuMarbHO NepeHocnMas KoOHUEeHTpaums, coctasnsowasn 237 mkr/mn, a Takke 50%
LIMTOTOKCUYECKasi KOHLIEHTpaLums (Ll,T,ElsO), paBHas 153,45 mkr/mn. Mop aencteuem uccnegyemoro obpasua B
oTHowweHun cybtunos Bupyca rpunna A H5N1, H3N2 n H1N1pdm09 obHapyXeHO CHWkeHe MHEKLNOHHOCTM
Bupyca rpunna Ha 2,5-3,5 Ig, a Takke ycraHosreHsl 50% addektvsHble fo3bl (3,), coctasnsiowme 1,55—
9,52 mkr/mn. Ha ocHoBaHUM nosyyeHHbIX 3HadeHnin LT, v Ofl,, Gbinn paccymtaHbl XMMUOTEpaneBTueckmne
nHaekcbl obpasua, xapakTepuaytoLme ero NepcrnekTMBHOCTb AN AanbHENLNX NCCNEAOBaHNA.

3akntoyeHune. MenaHuH, NOMyYeHHbIN U3 anTEYHON Yaru, NPOSiBUMN HAUBOMbLLYIO aKTUBHOCTb MPOTMB LUTaMMa
naHgemuyeckoro Bupyca rpunna yenoseka A/California/04/2009 (H1N1)pdm09, Bbi3biBan CHXeHWUE ero MHek-
LUMOHHOCTM Ha 3,5 Ig n obnagan 3[l,, paBHoii 1,6 MKr/Mn. Mony4eHHblIe pesyrbTaThl YKasbiBaloT Ha NepCrekT1B-
HOCTb CO34aHuNs NPOTMBOBMPYCHOrO Npenaparta Ha OCHOBE MENaHWHOB U3 Yarn B OTHOLLEHWM BMpYyCca rpunna.

KnioueBble crioBa: MesiaHuH, a2apukoMuyemsl, MPomugogupycHoe cpedcmeo, supyc apurna A

UcmoyHuk ¢puHaHcupoeaHusi. CTaTba NOArOTOBNEHa B PaMKaX BbINONMHEHUs rocyAapcTBEHHOro 3ananus MHL, supy-
conoruu n GuotexHonornn «Bektop» PocnotpeGHaasopa.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBS-
3aHHbIX C NyGnnKaumen HacTosiLLen cTaTby.
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obliquus) B oTHoweHun Bupyca rpunna A cybtunos H5N1, H3N2 n H1N1pdmO09 B akcnepumeHTax in vitro. XKypHan
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Research on the antiviral activity of water-soluble melanin
from the pharmaceutical chaga mushroom (Inonotus obliquus)
against influenza A virus subtypes H5N1, H3N2 and HIN1pdm09

in experiments in vitro

Ekaterina . Filippova, Elena V. Makarevich, Maria A. Protsenko™, Oleg Yu. Mazurkov,

Tamara V. Teplyakova, Natalya A. Mazurkova

State Research Center of Virology and Biotechnology “Vector’, Koltsovo, Russia

Abstract

Introduction. Influenza A virus is the cause of epidemics and pandemics that severely affect the health and
socioeconomic status of the world's population. The need to develop new methods of etiotropic therapy, and
the increasing ability of viruses to counteract the antiviral drugs makes extremely relevant the search for new
pharmacologically active substances and the subsequent study of their medicinal properties.

The aim of the study is to conduct research into the antiviral properties of melanin obtained from the pharmaceutical
chaga mushroom in relation to different subtypes of the influenza A virus.

Materials and methods. A sample of water-soluble melanin from Inonotus obliquus obtained by alkaline
hydrolysis and dried at 40°C was tested for toxicity and antiviral activity. The commercial anti-influenza drug
Tamiflu® was used as a reference drug. Statistical processing of the obtained data was carried out according to
the Spearman-Kerber method.

Results. Inonotus obliquus melanin (sample 20-24) toxicity markers, such as a maximum tolerable concentration
(MTC) of 237.0 pg/mL, and a 50% cytotoxic concentration (CC, ) of 153,45 ug/mL were established for MDCK cell
culture. The assessment of antiviral activity of test sample against three subtypes of the influenza A virus (H5N1,
H3N2 and H1N1pdm09) demonstrated a decrease in the infectivity of the influenza virus by 2.5-3.5 Ig with 50%
virus-inhibiting concentrations (IC;) of 1.55-9.52 ug/mL. Based on the obtained values of CC_, and IC,, the
selectivity indices (SI) of the sample were calculated, characterizing its prospects for further research.
Conclusions. Melanin obtained from the pharmaceutical chaga mushroom showed the highest activity against
the strain of the human pandemic influenza virus A/California/04/2009 (H1N1)pdmQ9, caused a decrease in
its infectivity by 3.5 Ig and had an IC,; of 1.6 ug/ml. The obtained results indicate the prospects for creating an

50’

antiviral drug based on Inonotus obliquus melanins against the influenza virus.

Keywords: melanins, agaricales, antiviral agents, influenza A virus
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BsepeHune

Iupokoe pa3HOOOpa3ue 300HO3HBIX BHPYCOB,
CHOCOOHBIX MPEOJI0NEBaTh MEKBUIOBOH Oapbep, BENET
K TOSIBJICHUIO B YE€JIOBEYECKOW MOMYJISIIUU HOBBIX, TO-
TEHIHATBHO MAaHAEMHYECKUX BUPYCOB. 3a TOCIEAHNE
10 et yenoBeyeCcTBO CTOJIKHYJIOCH C IByMs HaHIeMUsI-
MU: TpHIlna cBUHOTO npoucxoxaenus A/HIN1pdm09 B
2009 r. u COVID-19 B 2019 . CoBMECTHO C BUpyCamH,
MMCIOIMMH TaHJEeMUYECKOE 3HAuUCHHE, LUPKYIUpPYeT
MHOXKECTBO CE30HHBIX PECITUPATOPHBIX BUPYCOB, KOTO-
pBI€ BHOCST CBOM BKJIQJ B CTPYKTYPY 3a00JIEBACMOCTH
JIIOICH, a coYeTaHHbIe MHPEKIUN OTAr4aloT COCTOSIHNE
3aboneBmmx [1].

Bupyc rpumnmna xapakrepusyercs akTUBHON C€30H-
HOW LMpKYJsIIKEH, 3aTparuBatonield OONbLIYIO 4acTh
HaceneHus 3eMiH (1o 1 MipA cilydaeB TpUIIIa eKerol-
HO), TPYIIBI pUCKa — JIETH PaHHETro BO3pacTa, MOKH-
JIbI€ JIFOJH, JIUIA C COMYTCTBYIOIMMHU XPOHUYECKUMU
3a00JicBaHUSIMM M OCJIAa0JICHHBIM MMMYyHHTETOM [2].
Bricokuii ypoBEeHb FeHETUUECKON U3MEHUYUBOCTH BUPY-
coB rpunmna odycinosnuBaet orcyrcreue 100% 3ddek-
TUBHOM BaKIIMHBI, a TAK)Ke BOBHUKHOBEHHE PE3UCTEHT-
HOCTH IITAaMMOB BHpYCa K MMEIOIIUMCS HNPOTHBOBU-
PYCHBIM Ipenaparam [3].

B Hacrosimiee Bpemst B MUpe aKTMBHO IIPOBOASATCS
MOUCK W pPa3pabOTKa MPOTUBOBUPYCHBIX IpenaparoB
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OPUTVUHANbHbBIE NCCITIEAOBAHNA

Ha OCHOBE COCIMHEHWI MPUPOAHOTO MPOUCXOXKACHHMS,
oOnmafaronux 0Ooyiee MATKHM TEPareBTUYCCKUM JICH-
CTBHEM U HU3KOH TOKCHYHOCTBIO TI0 CPAaBHEHHIO C CHH-
TETUYECKUMH JICKapCTBEHHBIMU cCpelcTBaMU. B sToM
OTHOILCHUH Oa3uauajibHble TPUObI MPEACTABIAIOT 3HA-
YUTENBHBI MHTEPEC KaK MCTOYHUKH JIEYEOHBIX U TPO-
(UITAKTUYECKUX CPEACTB C TIPOTHBOOITYXOJIEBOM, HIMMY-
HOCTUMYJIUPYIOLIEH U IIPOTUBOBUPYCHOM aKTUBHOCTBIO.

C 2008 1. B 'HLI BupycOnOTHU 1 OMOTEXHOIOTHH
«BekTop» NpOBOAATCS WU3y4YEHHE NPOTUBOBUPYCHOU
AKTUBHOCTH ILJIOAOBKIX Tes rpuboB FOro-3ananxoii Cu-
OupH U BBIJICICHHE WX B YUCTYIO KyabTypy. Ha ocHoBe
CKpPMHUHTA NOIHUCAXapUI0B U METaHUHA U3 TPHOOB, ca-
MBI IIUPOKHUN CIEKTP IMIPOTUBOBUPYCHON aKTUBHOCTH
oOHapyxeH y uaru (Inonotus obliquus (Ach. ex Pers.)
Pilat; TpyToBuK cKOlIEHHBIH) [4, 5].

W3BecTHa BBICOKAsh MPOTEKTHUBHAS AKTHBHOCTD
00pa3IloB MEJIAHWHOB W3 Yard in Vitro B OTHOLICHUH
Bupyca rpunmna cyotuna HIN1pdm09, Bupyca nmmy-
HogeduuuTa yenmoeka l-ro tunma (BHUY-1), Bupyca
npocroro repreca 2-ro tuna (BIII'-2), Bupyca 3anan-
Horo Huna, BUpyca HaTypaJIbHOM OCIIBI U BUPYCa OCIIO-
BaKIMHBI [6].

[Tokazana BeICOKasi MPOTUBOBUPYCHAsI AKTUBHOCTD
B orHOmeHHH SARS-CoV-2 BOAHBIX IKCTPAKTOB yarw,
cozep)KaliuX MeJTaHHMH M TYMHHOBBIC BemecTBa. JlaH-
HBIC SKCTPAKThI 00NAaI HU3KOH TOKCHYHOCThIO, 50%
sddexruBHO n030i (D) 0,75 MKr/MII, BBICOKMM XH-
MuoTepaneBTuiaeckum unaexcom (XTHU) — 155,5 [7].

BonHble 3KCTPaKThl, MOMYyYEHHBIE M3 CKICPOLHS
Yard, MHruOMpoBanyd WHPEKIMOHHOCTh ITAMMOB BU-
pyca rpunma A/chicken/Kurgan/05/2005 (H5N1) u
A/Moscow/226/2009(HIN1)pdm09 ¢ unaekcamu Hew-
Tpanuzanmu 4,7 u 3,2 lg coorBercTBeHHO. [IpoTHBO-
TPUNINO3HOE ACHCTBHE AaHHBIX 00pa3loB OBLIO COMO-
CTaBUMO C aKTUBHOCTHIO npemnapara Tamuduo® [6].

Heabo HACTOSILETO MCCICAOBAHUS SBISETCS U3-
yueHHE MPOTUBOTPUIIIO3HBIX CBOHCTB MENaHWHA, TO-
JYYEHHOTO M3 alTEeYHOW Yard. 3aJadd MCCICAOBAHMUS:
MOJy4eHHe BOJAOPACTBOPUMOTO MEJIaHUHA, ONpeerne-
HUE TOKCHYHOCTH TOJyYE€HHOTO 00pasia, TeCTHpOBa-
HUE CMOCOOHOCTH MeNlaHWHA MOJaBIATh MH(EKINOH-
HOCTb BUpYyCa rpuria, onpenenacHue 50% TOKCHUeCKUX
u 50% MHruOUpyomUX BUPYC TPUIINA KOHIEHTPAaLUH
00pasIos.

MaTepman bl 1 MeToAbl

Kynemypa knemok

[ns onpenenenus TOKCHYHOCTHU U IPOTUBOBHUPYC-
HOW aKTUBHOCTH TPHOHBIX MEIaHWHOB HCIOJIb30BAIU
nepesuBaeMyto JuHHIo kietok MDCK, nonydeHnnyro
n3 koyekuuu KyneTyp kierok I'HIT Bb «Bekrtop».
Knetku BeipamuBanu B cpene DMEM (OOO «buo-
not») B npucyTctBuM 10% HHAKTUBUPOBAHHOU CBI-
BOPOTKH KpoBHU II010B KOpoBbl (OOO «buonor») u
antuouotukoB (mennuwuimH 100 ME/mn, crpemnto-

murmH 100 Mkr/mi). Knerounyio cycneH3nio BHOCH-
1 B 96-myHouHble TuaHmeTsl no 100 MK B JTYHKY B
kourentpanuu 1,0—1,5 x 10° kmetox/mut. TnaHmeTs! ¢
KJIETKaMu roMemanu B repmoctar npu 37°C, 5% CO, u
100% BnaxxnocTtu Ha 2—3 cyT 10 00pa30BaHUs KJIETOU-
HOTO MOHOCJIOSI.

Bupycei

B pabore wucnonp3oBanmd IMTaMMBI  BHpYycCa
rpunmna A: mramMMm Bupyca rpummna nruy A/chicken/
Kurgan/05/2005 (H5N1) ¢ uHGEKUHOHHBIM THTPOM
7,25 £ 0,49 Ig T/, /Mn; mramm aJanTMpOBaHHOTO
K J1abOpaTopHBIM MBIIIAM BUpYyCa TPHIINA YelIOBEKa
A/Aichi/2/68 (H3N2) ¢ uH(EKIUOHHBIM THTPOM
4,50+0,691g TL[I[SO/MJI; [ITAaMM IaHIEMHIYECKOTO BUPYCa
rpumnna yenoseka A/California/04/2009 (HIN1)pdm09 ¢
vHpexmonHbM THTpoM 5,00 + 0,57 1g TLL, /M. Bee
WCTIOJIb3yeMble IITaMMbI MONy4YeHbl U3 [ocymapcTBeH-
HOWU Kosutekuuu Mukpoopranuszmos I'HIT Bb «Bekrop».

KoHnentpauuio Bupyca Kaxaoro cyotumna ompe-
JIeJISTU IyTEM TUTPOBaHUA B KynbType kietok MDCK
NpU KyJBTUBUPOBAHUH B TEUEHHUE 3 CYT B TEPMOCTATE
npu 37°C, 5% CO, n 100% Bnaxxnoctu. Tutpsl BUpyca
paccuuthiBanu o merony Crnupmena—KepOepa, Bripa-
JKalli B JECATUYHBIX Jorapudmax 50% TkaHEeBBIX 1H-
tonarndeckux 103 B 1 mu (Ig TIJL, /M) u npencras-
nsuta B BUune M + [ juist (tne M — cpeznee 3Ha4deHue,
I,; — 95% noBepuTenbHBIA UHTEPBAIT) U CPABHUBAIIH
no merony Cnupmena—KepOepa ¢ momomipio makera
KOMIIBIOTEPHBIX MporpaMM «Statistica 6.0» [8, 9].

Wccnedyembie 06pasyel

J1g mosmyyeHust BOZOPacTBOPUMOTO MENaHUHA U3
anTeyHol yaru (oopaser; 20-24) k 5 © CyXoro u3Melb-
4yéHHOro (10 1 MM) MPUPOAHOTO CHIPbS Yaru a00aB-
msmm 100 vt 2% NaOH u BeIiepKHUBalid B aBTOKJIaBe
30 muH npu u3bsITouHOM Aasnenuu 0,7 atm. [lanee mo-
JYYeHHBIH pacTBOP (UIBTPOBAIM 4Yepe3 KallpPOHOBBIN
1 OyMaKHBIA QUILTPBL. MenaHuH oca)Iand KOHIIeH-
TPUPOBAHHOMN COJISHOM KHCIIOTOW U IIEHTPUQYTrupoBa-
mu (uentpudyra «Centra CL3») 20 mun npu 4000 06/
MuH. Jlanee npoBonunu 3-kpatHoe nepeocaxaenue 1H
COJIIHOM KMCIJIOTOM U TPUMAbI POMBIBAJIM OCAJOK JUC-
TuiposanHoi Bono# (1 : 10). I[Tomyuennslit npenapar
HE pacTBOPSAETCS B BOJIE, HO XOPOIIO PacCTBOPSETCS B I1ie-
nouax. BonopactBopumyro ¢opmy MenaHHHA MOTy4ann
MyTéM pPacTBOpEHHUs MoiydeHHoro nurmenra B 10%
BOJHOM pacTBope ammuaka (3HaueHue pH ot 7 go 8)
C MOCJIEAYIOINUM MATKUM BBIIIAPUBAHUEM OCTATOYHOIO
aMMHaKa ¥ BOJIbI JIO CYXOI0 COCTOSIHUSI IIPU TEMIIepaTy-
pe Bo3nymHoro nortoka 30°C. IlomyuyeHHslil npenapar
MOJHOCTBIO PAacTBOPUM B Boje. [l MpoBeneHus 3Kc-
MEPUMEHTOB 10 U3YyYEHHIO TOKCUYHOCTHU U IPOTUBOBU-
PYCHO# aKTUBHOCTH CyXOW MeJIaHHH ObLI paCTBOPEH B
JUCTUIITMPOBAHHOM BOJIE 10 KOHICHTPALUK 2 MI/MJL.

B kauectBe pedepeHc-npenapara HCHOIB30BaAIN
Tamudmo® («Hoffmann-La Roche Ltd.»).
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OnpedeneHue MAKCUMasabHO NepeHoCUMbIX
KOHUeHmpayuti o06pasyos u usyyeHue
UX CNOCOBHOCMU N00ABIAMb UHEKYUOHHOCMb
8upyca apunna in vitro

IIpu ompenenceHUM TOKCUYECKUX KOHLEHTPALMM
MEJIaHMHA M3 Yard MCXOJHYIO KOHLIEHTpauuio oOpas-
ua (800 mkr/mi) passogunu B 1,5; 2,3; 3,4; 5,0; 7,6;
11,4; 17,1; 25,6; 38,5; 57,5; 86,5; 129,7 paza (c marom
1,5) cpenoit DMEM, BHocuiu o 100 MK pa3BeaeHwMit
MeJIaHHHA B JIYHKH 96-JIyHOYHOTO IUIaHIIETa ¢ KIeToY-
HBIM MOHOCIJOEM (110 4 JTYHKH Ha KaXXI0€ pa3BeleHUE
oOpasia) u youpaiu B Tepmoctar Ha 2 ¢yt nipu 37°C,
5% CO, u 100% Bnaxknoctu. Crycts 2 CyT ¢ HOMOIIBIO
MHBEPTUPOBAHHOTO MUKPOCKOIIA TIPOU3BOUIIN OLIEHKY
JIECTPYKTUBHBIX M3MeHEHU I MoHOCIO0s kKiieTok MDCK,
WHKYOMPOBaHHBIX C pPAa3JIMYHBIMH KOHLEHTPALHUSIMH
uccnenyemoro obpasua. [lapamnensHo, B KadecTBe
KJIETOYHOTO KOHTPOJIS, UCIOIb30BAIIM MOHOCIION KYJIb-
Typsl MDCK 6e3 BHEceHuUs penapaTa. 3a MaKCHMAaJlb-
HO nepeHocuMyto KoHeHrpanuio (MIIK) npuaumanu
Ty KOHIIEHTPAHIO, TIPH KOTOPOH HE OBLIO BBISBICHO
IUTOTOKCUYECKOT0 A deKTa.

HccnenoBanue ciocoOHOCTH TPUOHOTO METIaHWHA
20-24 BnusATh Ha MHPEKIHOHHYIO aKTHBHOCTH (TUTP)
BUpyca TpHumna A B MOHOCIOE KJIETOK ObLIO MpoBe-
neHo npu ucnonb3oBanuu MIIK mist manHo# KieTod-
HO#t KynbTyphl. [Ipenapar cpaBHenus Tamuduo® Obut
UCTIONB30BaH B KoHueHTpanuu 100 Mxr/mi. B myHku
96-TyHOUHBIX TUIAHIIETOB C KJIETOYHBIM MOHOCIIOEM
3a 1 u o 3apaxkenus BHocuad no 100 mxn oOpasua,
pa3BenéHHOTO A0 HEOOXOIMMOW KOHLIEHTpAlMU Ccpe-
noii DMEM, coneprxareit 2 mxr/ma tpuricuaa TPCK
(«Sigmay). NupunupoBaHue MOHOCIOA KIIETOK OCY-
HIECTBISIN JCCATUKPATHBIMHA Pa3BEICHUSMH BHpYyca
TpUIIIa, IPUTOTOBICHHBIMH Ha 3TOM )K€ cpene, B 00bE-
me 100 Mx/myHKy (110 4 TyHKH Ha Ka)J10€ pa3BeAeHUE
Bupyca). Knetku nakyouposanu 2 cyt npu 37°C, 5%
CO, n 100% Brnaxknoctu. Jlanee onpenesnsim HaluIue
BHpYCa IpUINa B KyJIBTUBUPYEMOU CpeJie MO peaKIiu
reMarmioTuHanuu ¢ 1% cycrneHsueit KypuHbIX SpUTPO-
uTOB. TUTp BUpyca rpummna B OmnbITe (C UCCIETyEMbIM
0o0pa3loM), a TakkKe B COOTBETCTBYIOILIEM KOHTPOJIE
(6e3 obpasua) onpenensm B lg TIJL, /Mn u paccuu-
ThIBaJIM UHJEKC HerTpanuzauuu (MH), cocraBnsiomuit
pasHHIly MEXIy TUTpaM{ BHpyca B KOHTPOJIC U ONbBITE
(Ig) [10]. B cooTBeTcTBHM C PYKOBOICTBOM IO JKCIIE-
PUMEHTAIBHOMY (JOKITMHUYECKOMY) M3yUYEHHIO HOBBIX
(apmaxonorunyeckux BeiecTs [10] BemecTBo obnamaet
BBICOKOH aKTHBHOCTBIO, €CJIM MOJABIsAeT MH(EKLIHUOH-
HoCTh Bupyca B 100 u 6onee pa3 (MH > 2,0 1g).

OnpedeneHue 50% yumomokcuyeckux u 50%
UH2UbUpyoWUX 8UPYC 2pUnnad KoHYyeHmpayut
obpasyos in vitro

HN3yyanu W3MEHEHHE ONTUYECKOW IUIOTHOCTHU
(OIT) pactBOpa KpacuTels, MOMIOMEHHOTO >KHUBHI-
MU KJIE€TKaMH B MOHOcJO€ KynbTypbl kietok MDCK,
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ompenensimi - 50%  murorokcuueckue (LTI, ) wu
50% Bupycunrubupyromue (3/1 ) KoHUEHTpauu
[IpernaparoB  KoJlopuMeTpudeckuM wmerogoMm [11].
B »skcnepumente wucnonp3oBasd psan 12-KpaTHBIX U
[IOCJIEZIOBAaTENbHBIX 2-KpaTHBIX pPa3BelEeHUI BOJHO-
ro pacTBOpa MejlaHWHa u3 daru: B 2, 4, 8, 16, 32, 64,
128, 256, 512, 1024, 2051, 4000 pa3 cpenoii DMEM
(nvana3oH HcciaenyeMbIX KOHIEHTpAIMil COCTaBIIsI
0,38-800 mkr/mi). Ilpenapar cpaBHenus Tamuduro®
pasBogmiu 8 pas c¢ marom 3 cpegoi DMEM (nuana-
30H HccielyeMbIXx KoHueHTpauuil coctasnsan 0,046—
100,0 Mxr/mi).

Has onpenenenus LITI, ) psa momy4eHHbIX pas-
BEIEHWI BHOCHUIM Ha MOHOCJIOH KJIETOK B 00BEME
100 Mxn/myHKY 96-TyHOUHOTO TUIAHIIIETA U CTABHUIIU B
tepmocrar npu 37°C, 5% CO, n 100% Bnaxnocth Ha
3 cyT. B xauecTBe KJIETOYHOTO KOHTPOJIS UCTIOJIb30BAIH
MHTAKTHBIH MOHOCJOW (0e3 BHECEHHUS HCCIEIyeMOro
oOpasia).

Huist onpenenenus O B OTHOLIEHUH 3 IITAMMOB
BHpYyca rpunna A B TyHKH 96-ITyHOUHBIX IIAHILIETOB C
MOHOCIIOEM KIIETOK BHOCHJIM Psifi Pa3BeAeHUil oOpas-
oB B 00béMe 100 MKII/MyHKY, Yyepe3 2 4 MHKyOHpoBa-
nus nipu 37°C, 5% CO, u 100% BnaxkHocTu mnpenapar
yAalsiau U3 JyHOK M BHocuiM no 100 Mxi passerne-
HUSl BHpYCa C MHO)XECTBEHHOCTHIO HH(DHLIUPOBAHUS
0,1 T/, /xnerky. Crycrst 1 4 ancopOuuu Bupyca Ha
KJIETKaX YyAAJIsiad BHPYCCOAEPXKAILYI0 >KUIKOCTh U
CHOBa BHOCHJIM MccieqyeMble 00pa3ibl Ha MOHOCTIOH.
B xadyecTBe KOHTpOJISI BUpYyca HCIOIb30BAIN WHPHULIHN-
POBaHHBIM MOHOCJION KJIETOK (0€3 BHECSHHMsI Ipernapa-
ta). [lnanmersl momernanu B Tepmoctar mpu 37°C, 5%
CO, 1 100% BraxHOCTH Ha 3 CYT.

[Mocne wHKYOMpOBaHMS B JIyHKH IUIAQHILIETA, CO-
JiepKalliue KyJIbTypajbHYI0 CpeAy, BHOCHJIM BHUTaJlb-
HBIH (IPUKU3HEHHBIN) KpacuTelnb HEWTpaJIbHBIN Kpac-
Heid (50 MKI/myHKY) M nHKyOupoBanu 2 4 npu 37°C.
Hanee kJIeTKH NPOMBIBANK ABYKPaTHO (U3UOIOTHYC-
CKUM pacTBOpoM B 00bémMe 400 MKI/TyHKY, BHOCHIIH
au3upyromui 0ydep (cMech paBHBIX yacTein 96% 31u-
noBoro cnupta u 0,01 M pactBopa MoHOaMMOHUIOC-
¢ara, pH 3,5) u uepe3 30 mun onpeaensu OI1. Bennuu-
Hy OIT u3mMepsin ¢ MOMOIIBI0 MHOTO(QYHKIIMOHATIBHOTO
cnektpodoromerpa «xMark Microplate Absorbance
Reader» mpu mnuHe Bonubl 540 HM, KOTOpast SBISETCS
[I0Ka3aTeNeM KOJIMYECTBa >KU3HECHOCOOHBIX KIIETOK B
MOHOCJIO€, COXPAaHHUBILUXCS MPU LUTONATHUECKOM AeH-
CTBMHU BHpPYCa WM TOKCUYECKOM JIEHCTBUH HCCIIEAYEMO-
ro oOpasua. 3aTeM IpH MOMOIIM KOMITBIOTEPHOH Mpo-
rpammbl «SoftMaxPro 4.0» pesynsrarer OIl npencras-
JSUTH B TIOMTYJIOrapuMUUIEcKoi cructemMe KoopauHar. Ha
OCHOBAaHUH TOJNYYCHHBIX aHHBIX paccunThbiBanu LT/,
u OJI, nns ucenenyempix npenaparos. LT/ — semu-
YMHa KOHLEHTPAIMHU onpeaeaéHHoro odpasma npenapa-
Ta B JIyHKE IJIaHILETAa, [10J] BO3/IEHICTBUEM KOTOPOTO pa3-
pyuaerest 50% Ki1eTouHOro MOHOCIOs, IJ1, | — BeNIM4K-
Ha KOHLIEHTPALMHK oNpeaeaEHHOro oOpasia mpenapara B
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JyHKE IUIAHIIETa, MO BO3ICHCTBHEM KOTOPOTO COXpa-
usieres 50% >KU3HeCTOCOOHOTO KIETOYHOTO MOHOCIIOS.
[Tony4yeHnsle HaHHBIC 10T BO3MOXKHOCTH PacCUUTATh
xuMmuoTepanesrudeckuii uaaeke (XTU) npenapara mo
popmyne: XTU = LTI, /1, . AKTUBHBIMU CUMTAOTCS
coenunenus ¢ XTU > 8 [10].

Pesynbratbl

[lpu BH3yanbHOM H3YYEHHH LUTOTOKCHYHOCTH
BOJIHOTO pacTBOpa MeEJaHMHAa M3 Yaru YyCTaHOBIIE-
Ho, yto MIIK nmanHoro mpemapara, HE OKa3bIBaOIAS
Ha KJISTKU TOKCHYECKOIO AchcTBHUs, cocTaBmia 237,0
MKI/MI1. Pe3ynbrarsl onpeaeneHus: mpoTUBOBHPYCHON
AaKTHBHOCTH SKCIIEpHUMEHTalbHOro obOpasua 20-24,
CHIDKAIOMIET0 MH(PEKIMOHHOCTh (TUTPHI) 3 IMTaMMOB
BHpYyca rpummna B KynsType kiaerok MDCK, npencras-
JieHbl B Ta0uI. 1.

[Moxg gelicTBueM wHccieayeMoro obOpasna 4Yaru
HaOJIOIAI0Ch CHIDKEHUE TUTpa Bupyca rpunmna A/Ca-
lifornia/04/2009 (HIN1)pdmO09 B 3162 pa3a, Tutpa
Bupyca A/Aichi/2/68 (H3N2) — B 1000 pa3, Tutpa Bu-
pyca A/chicken/Kurgan/05/2005 (H5N1) — B 316 pa3
OTHOCHUTEIHHO COOTBETCTBYIOIIMX KOHTpoOJeH (0e3 00-
pasua). UH cocrasnsum 2,5-3,5 1g.

OrnpeneneHsl T, u 9,)150 Juist obopasua 20-24 u
Tamuguo® B OTHOLIEHHH 3 IITAMMOB BUpYyCa IpHina A
A paccuuTaHbl COOTBeTCTByromuMe 3HaueHus XTU
(Tadu. 2). OJ1, obpasua 20-24 s 3 cyOTUIIOB BUpyCa

TpUIINa HAXOAWIKCH B Tipeaenax ot 1,6 10 9,5 Mkr/mur.
B oTHOmEHMM TaHAEMHUYECKOrO BHpyca TpHIIa
A/HIN1pdm09 uccnemyemblii oOpa3ser; okaszaiucs Hau-
0oJsiee aKTUBHBIM, T.K. IposiBui 50% BHPYCHHTHOUDY-
IOLIYI0 aKTUBHOCTh NPU HAUMEHBIIEH KOHIEHTPAaLUU

(O, = 1,6 mxr/mn).

O6cyxaeHne

[IpoBenénnbie uccnenoBanus MOKa3ai, 4To 00-
pazen menanuHa 20-24, moay4eHHBIN U3 yaru, oonazia-
€T IIPOTUBOBUPYCHBIM JEHCTBUEM B CUCTEME in Vilro B
OTHOILIEHUH HCCIIEAYEMBIX IITAMMOB BHpYycCa TpHUIIA:
A/California/04/2009 (HIN1)pdm09, A/Aichi/2/68
(H3N2) u A/chicken/Kurgan/05/2005 (H5N1). B wuc-
CIICIOBAHMM MO H3YyYEHHIO CHWKEHHUsSI HH(EKIMOH-
HOCTHU TIOJ JCHCTBHEM MeJIaHMHA U3 4ard Juis 3 cyO-
TUIIOB BHpyca Ipumnmna A BBISBIEHbI CTaTUCTUYECKUE
OTJIMYUS OT COOTBETCTBYIOIIMX KOHTPOJICH Bupyca (6e3
BHECEHHs 00pa3ia), ycTaHOBJICHHBIE 10 MeToy Criup-
mena—Kepbepa (tabn. 1). B maHHOM 3kcnepuMeHTe
00HapyXeHO, YTO MPOTHUBOBUPYCHOE AeHCTBHE 00pa3-
1a 20-24 B OTHOIIEHHUHU BCEX UCCIEAYEMBIX IITaMMOB
BUpYyCa Ipulna ObUIO COMOCTAaBUMO C aeicTBHeM Ta-
Mudiio®. PasHUIA WHAEKCOB HEHTPaTH3AIMUA MEXKTY
pedepeHc-npenapatoM U TECTHPYEMBIM 00pa3loM He
npesbimana 1,0 1g.

IIpu cpaBuenuu 3Hauenuit XTH g menanuna,
MOJTyYEHHOT'0 U3 Yaru, B OTHOUIEHUH 3 IITaMMOB BUPY-

Tabnuua 1. CHwKeHne nHdekumoHHoCTM BUpYyca rpunna A B kynetype knetok MDCK noa gencrsnem BogopacTtBOpMMOro

MenaHuHa 13 yaru u pedpepeHc-npenapata Tamudno®

Table 1. Reduction of the influenza A virus infectivity under the influence of water-soluble melanin 20-24 obtained from

Inonotus obliquus and reference drug Tamiflu®

TuTp Bupyca rpunna, Ig TUA, /mMn VH, Ig
U-Ilr-:falrévrlsz;lF\)/%lrilas '31;‘;23 E)?pnebrli-rrr/reonk{/rggrﬂ?ol Virus titer, Ig TCIDSO/mLSO Neutralization
M=l n=4) index (IN), Ig
A/California/04/2009 (H1N1)pdm09 O6pasey 20-24 1,50 + 0,00* 3,50
Sample 20-24
Tamudonio® 2,25+ 0,49 2,75
Tamiflu®
KoHTponb Bupyca 5,00 £ 0,57 -
Virus control
A/Aichi/2/68 (H3N2) Ob6pasey 20-24 1,50 + 0,00* 3,00
Sample 20-24
Tamudno® 0,50 + 0,00* 4,00
Tamiflu®
KoHTponb Bupyca 4,50 + 0,69 -
Virus control
A/chicken/Kurgan/05/2005 (H5N1) Ob6pasey 20-24 4,75 + 0,49* 2,50
Sample 20-24
Tamudpno® 5,00 +0,57* 2,25
Tamiflu®
KoHTponb Bupyca 7,25+ 0,49 —

Virus control

MpumeyaHue. N — YNUCNO NMYHOK C MOHOCIOEM KNETOK, MH(ULIMPOBAHHBIX pasHbIMW pa3BeaeHusMY Bupyca. *p < 0,05 no cpaBHeHUIO C KOH-

Tponewm (6e3 obpasua) no metogy CnupmeHa—Kepbepa.

Notes. TCID,, — 50% tissue culture infectious doses; M (mean) and SD (standard deviation) for 95% confidence interval calculated by the
Spearman-Kerber method; n means the number of wells with the cell monolayer infected with viruses in different concentrations. *p < 0.05
compared to the control (sample-free) by the Spearman—Kerber method.
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Ta6nuua 2. MpoTnBOBMPYCHas akTUBHOCTb BOAOPACTBOPUMOro MenaHuHa 20-24 13 yaru un pedbepeHc-npenapara Tamudnio®

B OTHOLLEHMU BUpyca rpunna A B Kynstype krnetok MDCK

Table 2. Antiviral activity of water-soluble melanin 20-24 obtained from Inonotus obliquus and reference drug Tamiflu® against

influenza A virus in MDCK cell culture

Litamm Bupyca rpunna OnbIT/KOHTPONb UTAO,, MKr/mn 3, MKr/Mn XTN
Influenza virus strain Experiment/control CC,,, ug/mL IC,,, ug/mL Sl

A/California/04/ Ob6pasey 20-24 | Sample 20-24 153,45 1,55 99,00
2009 (H1N1)pdm09 Tamucbrio® | Tamiflu® > 100,00 0,94 > 106,38

A/Aichi/2/68 (H3N2) Obpasey 20-24 | Sample 20-24 153,45 5,70 26,92
Tamucpno® | Tamiflu® > 100,00 0,06 > 1666,67

Al/chicken/Kurgan/ 05/2005 (H5N1) Obpasey 20-24 | Sample 20-24 153,45 9,52 16,07
Tamudpnto® | Tamiflu® > 100,00 0,02 > 5000,00

Note. CC_, — 50% cytotoxic concentration; IC,, — 50% inhibitory (effective) concentration; Sl — selectivity index.

ca rpuIIa yCTaHOBIIEHO, YTO CAMOE BBICOKOE 3HaYECHUE
JTAHHOTO MoKa3arelsi, cocrasistomiee 99,0 (conocraBu-
moe co 3HauenneM XTU Tamudiio®), 66110 00HApYKE-
HO U1 BUpyca rpunma A/California/04/2009 (HIN1)
pdm09. T.B. TemisaxkoBoii 1 cOaBT. yCTAaHOBJIEHO BHICO-
koe 3HaueHrue X TH MenaHuHOB, BBIJCIICHHBIX U3 KYlb-
TypaJbHOH KHIKOCTH M OMOMAacchl KyJbTHBUPYEMOTO
munenus yary (mramm F-1244), kotopoe nocturasno 160
B OTHOIIIEHUH 3TOT0 )K€ ITaMMa BUpyca rpumnmna [6, 12].
B orHomenun Bupyca rpumma A cyotumoB H3N2
v H5N1 vamu Obuin nosyvenst 3uavenus JJ1, 5,7 u
9,52 mxr/mi, a XTU — 26,92 u 16,07 COOTBETCTBEHHO.

Takum o6pazom, MenanuH u3 yaru 20-24 nposBuiI
BBICOKYIO aKTHBHOCTb B OTHOIICHHH BHpYycCa TpHIINa
A pazsbix cyorunoB (HINIpdm09, H3N2, H5NI).
[Tpu >ToM HamOONBIIYIO aKTHBHOCTH 0Opasel Mela-
HUHA OKa3aJl MPOTHB MaHJAEMUYECKOr0 BUpyca TpHIINa
A/HINIpdmO9 (cumxkan ero HHGEKIUOHHOCTH Ha
3,5 1g u obmanan OJI, 1,6 mxr/mn) [6].

[Mony4eHHble pe3ynbTaThl yKa3blBAlOT Ha Iep-
CHEKTUBHOCTh CO3JaHMsI IPOTHBOTPHIIIIO3HOTO Tpera-
para Ha OCHOBE MenanuHa Inonotus obliquus mpoko-
IO CIIEKTPa, CHUXKAIOIIETO BUPYCHYIO HArPY3KY.
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M|/|Kp06|/|0'ra KenyaoyHoO-KMILEeYHOro TpakTta n KaHueporeHes
B Pa3J/INYHbIX OpraHax yeJsioBeKa

Koctun P.K."™, Mantorun [.A.%, ConeHoBa J1.[3, Kynaesa E.[1.*

'MepBbIt MOCKOBCKMI FOCYAAPCTBEHHDBIN MEAVULMHCKII YHUBepcuTeT nmeHn .M. CeueHoBa

(CeyeHoBcknin YHuBepcuteT), MockBa, Poccus;

2BOPOHEKCKUI rOCy[apCTBEHHBIN MEAULMHCKII YHUBepcuTeT umeHun H.H. BypaeHko, BopoHex, Poccus;
3HayuyHo-uccneqoBaTeNnbCKMN MHCTUTYT KaHLeporeHe3a HaunoHanbHOro MeguUMHCKOro UCCIeAOBaTENbCKOTO LIeHTpa
oHkonorum nmenn H.H. bnoxuHa, Mocksa, Poccus;

*IOxHbIN pepepanbHbll yHUBepcuTeT, PocToB-Ha-[loHy, Poccua

AHHOMauusi

HayyHble nccrnegoBaHnsi NOCNEAHMX NET BbISIBUMNM CYLLLECTBEHHYHO POrib MUKpOBMOMa YernoBeka B KaHLieporeHe-
3e, YTO NOCNYXMIo 060CHOBaHNEM BKITHOYEHNSI MONIMMOPXHbLIX MUKPOGUOMOB B YMCHIO KITHOYEBbLIX XapaKTEPUCTUK
KaHLeporeHesa Kak Ba)KHOW MEXaHWCTUYECKOW AETEPMUHAHTbI paka B LAOMOINHEHWE K ApYrMM OCHOBoMonara-
IOWMM OMONOrMyecknm npoueccam, NpPOoSBISIOWLMMCS B XOA4€ MHOroCTaguMHOIO KaHueporeHesa. Mukpobuom
Kenyao4HO-KMLLEYHOro TpakTa Haubornee akTMBHO y4acTBYET B MaTOreHe3e 3roKavyecTBEeHHbIX HOBOOOpa3oBa-
HUIA NULLLEBAPUTENBHOW CUCTEMbI BCNEeACTBUE U3MEHEHUS KONTMYECTBEHHOMO N Ka4eCTBEHHOrO cocTaBa GUOThI,
yBENMYEHWs1 NPOOYKLUNN reHOTOKCUYHBIX BakTepuanbHbiX MeTabonmToB Kak hakTopoB kaHueporeHesa. B o63ope
Takke oTpaXKeHbl U3MEHEHNSI MMKPOOMOMa Npu pake NErkoro, CBsI3aHHbIE rMaBHbIM 06pa3oM ¢ NpoayKumen Ko-
POTKOLLEMOYEYHbIX XUPHbIX KUCMOT, a NPy pake MOTOYHOWN Xene3abl U 3HOOMETPUSA — CO CneLmdUn4ecknMmn name-
HEeHMsIMK cocTaBa GakTepuanbHOro coobLecTesa B CTOPOHY BUAOB — YYaCTHMKOB npoLecca metabonuama npea-
LLIECTBEHHUKOB 3CTporeHa. PaccMoTpeHbl BEpPOSTHbIE MEXaHU3MbI Y4acTUsi MUKPOOPraHM3MOB B pa3BUTMU paka
npeacTaTenbHOM Xenesbl (BMMAHUE NUnononucaxapuaos, aHTUOMOTUKOB M AEKOHBIOTMPOBAHHOIO 3CTPOreHa).
[aHHble 0 B3anMOCBA3M coCTaBa U METaboNMYecknx XxapakTepUCTUK MUKPOOMOMa Npy pasnnyHbIX OHKOMOrnye-
CKMX 3aboneBaHNsIX OTKPbLIBAOT MEPCNeKTMBbI €ro UCMoNb30BaHMUsS B OUArHOCTUKE, NeYeHMn 1 npodunakTmke
310Ka4eCTBEHHbIX HOBOOOPa3oBaHU 1 060CHOBLIBAOT HEOOXOAUMOCTL AaNbHENLUMX UCCINEAOBAHWI B 3TON 00-
nacrtu.

KnioueBble cnoBa: Mukpobuom, 3riokadecmeeHHble Hogoobpa3sosaHus, Helicobacter pylori, acmpoeeH, nunorno-
nucaxapud, aHmubuomukK, KOPOMKOUENOYEYHbIE XUPHbIE KUCTOMbI

UcmoyHuk (pUHaHCUpOSaHUﬂ. ABTOpr 3as9BNs0T 00 OTCYTCTBUU BHELLHEro chHchmpOBava npun nposegeHUn nc-
cnegoBaHuA.

KoHdpbnnukm unmepecos. ABTOpbI AeKNapupYIOT OTCYTCTBME SBHbIX U MOTEHLUMAanNbHbIX KOHMIMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnmkaumen HacTosILLen cTaTby.

Ansa yumupoeanusi: KoctvH PK., Mantorud O.A., Conexosa J1.I., Kynaesa E.[l. Mukpo6uroTa »enynoyHo-KMLLEYHOTO
TpaKTa 1 KaHLeporeHe3 B pa3nunyHbIX opraHax venoseka. XKypHan mukpobuonoauu, 3nudemuono2uu u UMMyHobuoo-
auu. 2023;100(1):110-125.
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Abstract

Scientific research in recent years has revealed a significant role of the human microbiome in carcinogenesis.
These data served as a rationale for the inclusion of polymorphic microbiomes in the key characteristics of
carcinogenesis as an important mechanistic determinant of cancer, in addition to other fundamental biological
processes manifested during multi-stage carcinogenesis. The microbiome of the gastrointestinal tract is most
actively involved in the pathogenesis of malignant neoplasms of the digestive system due to changes in the
quantitative and qualitative composition of the microbiota, and increase in the production of genotoxic bacterial
metabolites as factors of carcinogenesis. This review also addresses the changes in the microbiome in lung
cancer, associated mainly with the production of short-chain fatty aicids, and in breast and endometrial cancers
with specific changes in the composition of the bacterial community towar)ds species involved in the metabolism
of estrogen precursors. The probable mechanisms of microorganisms’ participation in the development of prostate
cancer (the effect of lipopolysaccharides, antibiotics and deconjugated estrogen) are considered.

Data on the relationship between the composition and metabolic characteristics of the microbiome in various
cancer sites open up perspectives for its use in the diagnosis, treatment and prevention of malignant neoplasms
and justify the need for further research in this area.

Keywords: review, microbiome, cancer, Helicobacter pylori, estrogen, lipopolysaccharide, antibiotic, short-chain

fatty acids
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BBepeHne

370KaueCTBEHHBIE  HOBOOOpa30BaHHUA  BXOIAT
B YHCJIO BEIYLIMX COIMAaJbHO 3HAYMMBIX 3a0ojeBa-
Huil. BBy BBICOKOI 3200JIEBAEMOCTH U CMEPTHOCTH
JaHHBbIC 3a00JIEBaHMSI COIPSDKEHBI ¢ OONBLIMMHU  CO-
LHAJIBHBIMU IIOTEPSIMU CYIIECTBEHHOM HAarpy3koud Ha
3paBOOXPAaHEHNE M BBICOKMMH SKOHOMHUYECKUMH 3a-
Tparamu [ 1]. BeisiBienue GakTopoB, BIUSIONIMX HA OH-
KOJIOTUYECKHE PUCKH, HE TEePSET CBOCH aKTyaJlbHOCTH
W BXOIUT B YHCJIO HAyYHBIX NPUOPHUTETOB. Hapsmy c
OoNbIIMM TIepevyHeM (U3NYECKHX U XUMHYECKHX KaH-
LEPOTeHOB, STHOJIOTUYECKUMH (PaKTOpaMH B Pa3BUTUU
OHKOIIATOJIOT MU MTPU3HAHBI MUKPOOPTaHU3MEI (BUPYCHI,
Oakrepuu, npocreiimue). B nocieqnue roasl ocoboe
BHUMaHHE HAyYHOTO COOOIIEeCTBAa MPHUBIICKAET H3y4e-
HUE MUKPOOPTaHU3MOB, HACEISIOLUINX OPTraHu3M YeJIo-
BEKa M CIIOCOOHBIX MOTU(PHUIIMPOBATH OHKOJIOTHUECKUE
pHcKH, 00yCIOBIICHHBIE NEHCTBUEM 3HJOTCHHBIX U K-
30T€HHBIX KaHIEpOTeHHBIX (akTopoB. [logapmnsromas
Macca STHX MUKPOOPTaHW3MOB, M0 CBOEH MPUPOJE SIB-
JISIIOIIMXCS] CAMOMOHTAaMH, COCPEIOTOYCHA B KETY04-
Ho-kumiedHoM tpakte (JKKT).

Muxkpobuom JKKT uenoBexka — 3T0 Oomblioe,
CIIOKHOE, TUHAMUYHOE MHUKpOOHOE co0O0IIecTBo, Co-
crosiee u3 10" mukpoopranuszmoB Gosee yem 1000
BHJIOB, 4TO dKBHMBaleHTHO 4 x 10° remam [1]. B XKKT
YeJI0BEKa yalle Bcero BecTpevatores Firmicutes (= 51%)
u Bacteroidetes (= 48%), nanee ClIeyrOT peaACTaBUTe-
T OpYTUX TUIOB OakTepuil, BKItovast Actinobacteria,
Cyanobacteria, Fusobacteria, Proteobacteria n
Verrucomicrobia |2, 3]. B aucranpubix otaenax JKKT
YBEJIMYUBACTCSl YUCICHHOCTh MHUKPOOMOTHI, OHA CTa-
HOBHTCSI OoJiee pa3HooOpasHoii (puc. 1).

Mukpobuora JKKT Brnusier Ha MMMyHOJIOTHYE-
CKHE W MeTabOJIMUYecKUe MpOoLEecChl B OpraHu3Me ue-
JIOBEKA Pa3IMYHBIMH MYTIMH, OCHOBHBIMH U3 KOTOPBIX
SBIISIFOTCSL:

1) cTUMyYNALUS WITH, HATIPOTHB, IO/IaBJICHUE BhI/IC-
JICHUsI IIUTOKUHOB: (pakTopa Hekposa onyxonu (ODHO),
uHtepdepona-y, uarepneiikuno (MJI) — mposocmna-
mutenshbix (UJI-1, -2, -6, -8) niam npoTHBOBOCHAIH-
tenbnbix (UJ1-4, -10) [4];

2) MHAYKLUSA BOCHAJIUTEIbHBIX PEAKIUH mocpen-
CTBOM 00pa30BaHUsl TOKCHHOB ¥ TEHOTOKCHYHBIX METa-
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Puc. 1. Mukpo6bruom pasnuunbix otgaenos XKKT v ero pacnpegeneHve B Cnosix KuleyHuka (agantmposaHo 13 [3]).
Fig. 1. Microbiome of different parts of the gastrointestinal tract and its distribution in intestinal layers (adapted from [3]).

oonurtoB (konmubaktun Escherichia coli, uuTonerans-
HBIN paspeixisitonuii Tokcun Compylobacter jejuni), a
TaKXe HapyLIeHUs] HOPMaIbHOW (YHKIMU CIM3HCTOTO
Oapwepa [4];

3) TpoAyKUUS KOPOTKOLETOUEYHBIX IKHUPHBIX
kucnot (KLKK), xoropsie HeoOXoauMBbI 111 IOAIED-
JKaHHUs KJIETOYHOTO TOMEOCTa3a, MOCKOJIbKY OHH CIO-
COOCTBYIOT MOZYJSILIMA THCTOHOBBIX Jl€alleTHIIa3, YTo
NPUBOANT K NPUKPEIUICHUIO KIETOK OakTepuid K CTeH-
kaMm JKKT, Murpaunu MMMYHHBIX KJIETOK, BBIPaOOTKe
LUTOKUHOB, XeMOTaKCHCYy U anomnTo3sy [4];

4) KaHUEpOreHHOE JEWCTBUE IHUIONONNCaXapH-
noB (JITIC) kneTodHoM CTEHKU (I TPaMOTPHIIATEIIb-
HBIX OakTepuil);

5) U3MEeHeHrne MECTHOTO U CUCTEMHOT0 UMMYHH-
TeTa MOCPEJCTBOM HECKOJIBKMX MEXaHU3MOB:

* M3MEHEHHYIO SKCIIPECCHIO TEHOB, KOAUPYIOLIUX

0eJIKH, y4acTBYIOIME B BOCIAJIUTEIBLHON peak-
IHH;

* Tpoaudepanrio 1 anonTos;

* yepe3 psiJ UMMYHHO-OIIOCPEIOBAHHBIX N3MEHe-
HUI (aHOMaJibHAsl SKCOpPECCHsl CyOmOmysuii
JIEUKOIIUTOB, W3MEHEHHE CEKpEeIUH aHTUTEN,
OUTOKHHOB H UMMYHOTIJIOOYJIMHOB);

6) BIMSIHUE HA YPOBEHb LHUPKYIUPYIOIIHX 3CTpOre-
HOB U OaJIaHC B 3HEpreTudeckoM oomene [1, 5] (puc. 2).

[lonumaHnue MexaHU3MOB KaHIEpOTeHe3a, CBf-
3aHHBIX C MHKpoopranuzmamu, Hacenstommumu KKT,
a TarKke pa3paboTka HOBBIX MOAXOMOB K PeryaupoBa-
HUIO KOJIMYECTBEHHOTO M KaueCTBEHHOTO COCTaBa MU-
kpoOuotel JKKT B najbHeleM BayKHbI PH CO3JaHUU
MHHOBALIMOHHBIX METOJOB JICUCHUS] U MPOQUIAKTHKH
OHKoJIOTHYeckux 3abojeBanuii. IlocTossHHO mMOMON-
HSIOUIUICS 00BEM IKCIICPUMEHTAIBHBIX U 3IUICMHO-

JIOTMYECKUX HCCIENOBaHUH AenaeT HEOOXOJUMBIM HX
00001IeHHE, CTPYKTYPUPOBAHUE U aHAJIN3 KaK OCHOBBI
HX TPaKTHYECKOTO UCTIONb30BaHUSA B OHKOJIOTHH.

Heans wuccnenoBanus — 0000IIEHUE TEKYIIMX
JaHHbBIX 0 poiu Mukpoobuotsl XXKT B marorenese oH-
KOJIOTMYECKHX 3a00JIeBaHMH B pa3IMYHBIX OpraHax
YeJIoBeKa ¢ aKIEHTOM Ha MOJEKYJISIpPHbIE MEXaHHU3MBbI
B3aUMOZCUCTBHSI MUKPOOUOTHI U MAKPOOPTaHU3MA.

[Mpoananu3upoBaHbl  cTarbu  0a3bl  JaHHBIX
MEDLINE (PubMed). [Touck BBIIOMHSIICS TIO pacHin-
PEHHOMY MEPEYHIO KIIIOYEBBIX CJIOB, BKJIIOYAIOIIEMY
BCE paccMaTpuBacMble B 0030pe JIOKaJIM3aliK 3JI0Ka-
YeCTBEHHBIX HOBOOOpa3oBaHMK. MBI CO34alH CTPOKY
[IOKCKa, UCTIONIB3Ysl IOTHUECKHUH OTepaTop COeNNHEHUs
(AND) u noruyeckuii omeparop nu3btoHkKuuu (OR).
[Nouck ObUT OCHOBaH Ha METaAaHHBIX, BKIIIOYas Ha3Ba-
HUE, aHHOTAIUI0 U KJIIOUEBblE CJIOBAa. BBIIM yuTeHbI
CIIEIYIOIIME MapaMeTphl: MyONuKaluy 3a TOCIeIHUE
10 ner, OecruIaTHBIN MOTHBIN AOCTYN K TEKCTY CTaTby,
SI3BIK IYOJIMKAUN — aH[IMHCKUH.

Bcero 0but0 HatigeHo 1233 crarbu (KIMHAYECKHE
WCIIBITaHUS, OPUTMHAJIBHBIE HUCCIIEOBAHUS, METaaHa-
JIN3Bl, PaHAOMHU3UPOBAHHBIE KOHTPOJIUPYEMbIE HCCIIe-
JIOBaHUS, TPAAMLMOHHBIE, CHUCTEMaTHYeCKHe U 30H-
TUYHBIE 0030pHI). [lanee mpocMaTprBaIiCh 3ar0J0BKY,
AHHOTALlUM, IIOJHOTEKCTOBBIE BEPCUM CTareil. bbuin
otoOpanbl 30 COOTBETCTBYIOIIMX TEMaTHUKE CTaTeH.
B npouecce n3ydeHus uccieaoBaHuil Takxke MpocMa-
TPUBAJIUCH APYTHE UCTOUYHUKH, BKIIOUEHHBIE B CITUCOK
JUTEPaTyphl OTOOPAaHHBIX CTATEH.

MwuKpo6uoTa npu pake nuweBoaa

MexaHu3m AZICHOKApPIIMHOMBI TMMUIICBOJAa AaKTHUB-
HO U3y4acTCs B CBA3U C BO3I[CI>'ICTBHCM TCHCTHYCCKHX,
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IMeyenb/6unuapHbil mpakm:
* BospevicTBre 6akTepuii unu/m nx MetabonmToB Ha cucTemy
BOPOTHOW BEHbI
* MpoayKUMsi BTOPUYHBIX XEMNYHbIX KACMOT, HapyLuaoLas
DYHKUMIO UMMYHHOW cucTembl (NK-kneTok), 4To Bnusiet
Ha poCT NepBUYHON OMyXONu U MeTacTa3oB
* MNospexaeHne JHK 1 renaToTOKCMYHOCTb, BbI3BaHHbIE
BTOPWYHBLIMU >KENYHbIMU KUCNOTamMu (M APYrMMU MeXaHn3mamm)
* lHpyumpoBaHue HeankoronbHOro creatorenatuta u apyrmx
COCTOSIHWIA, BedyLUMX K LMppos3y, a B nocrneayoLem —
K KaHLeporeHesy

Liver/biliary tract:
« Bacteria and/or metabolites affect the portal venous system
* Production of secondary bile acids may impair immune function
(NKT cells) influencing tumor growth (primary and metastasis)
» Secondary bile acids induce DNA damage and hepatotoxicity
« Induction of nonalcoholic steatohepatitis and other conditions
that lead to cirrhosis and subsequent cancerogenesis

Xenydok:
* VIHoyumpoBaHue XpoHMYeCKoro BocnaneHus
* HenocpeacTBeHHbIN reHOTOKCUYHBIN APEKT Ha CAN3NUCTYI0
o6ornouky xenyaka
Stomach:
« Induction of a chronic inflammatory state
» Genotoxic effects on gastric mucosa

Mono4Hasi xene3a:
* BnivsiHne Ha ypoBeHb LMPKYUPYIOLWNX 3CTPOreHoB
* NameHeHne GanaHca B aHepreTnyeckom obmeHe
Breast:
« Alteration of levels of circulating estrogens
« Alteration of balance in energy metabolism

Toncmbil KUWEYHUK:

* XpoHuyeckoe BocnaneHve, MHAyLMpPOBaHHOE
TOKCMHaMM UNW HapyLUEHNSIMWU CUTHanMbHbIX NyTen

* MNoTeHuMpoBaHVe BoCNanuTenbLHOro npolecca
NocpeacTBOM HapyLUEeHWS HOpMarbHOW OyHKLMN
cnuancToro 6apbepa

* MNpoAyKLUMSA reHOTOKCUYHBIX MeTabonuToB

* YBenuyeHne nokanbHon NPoAyKLMM aKTUBHbIX hopm
Kucnopoaa

» AkTnBaums B-catenin/Wnt-nytu, npuogsiias K
KaHLepOreHHbIM U3MEHEHUSIM TPaHCKPUMLMK

* HapyLlueHne npoTtrBoonyxonesow dyHKLMM MMMYHHOM
cuUCTEMBI

Colon:

« Toxins or alterations in signaling pathways induce
chronic inflammatory state

* Breakdown of normal mucosal barrier potentiates
inflammatory state

* Production of genotoxic metabolites

« Increasing local production of reactive oxygen species

« Induction of oncogenic transcriptional activity potentially
via B-catenin/Wnt signaling pathways

« Impairment of antitumor immune function

Pwuc. 2. BnusHue KnweyHon MnkpobmnoTsl Ha pas3BUTME 3roKavyeCcTBEHHbIX HOBOOOpa3oBaHWin (aganTnposBaHo us [6]).
Fig. 2. Influence of intestinal microflora on the malignant neoplasms development (adapted from [6]).

CPEIOBBIX, MOBE/ICHUCCKUX (HaKTOPOB [7]. AHANHU3 MU-
KpOOHOTHI 00pa310B TKaHU 30POBOTO MUILEBOAA, TKa-
HU 1pu nuieBoae bapperrta u npu 330¢aruTe moxasain
3HAUUTEJIbHBIC PA3/IN4Ks B HUX OaKTepHaIbHOTO COCTa-
Ba. [Ipu »30¢arute 1071 rpaMOTpULIATEIBHBIX aHA3PO-
00B 1 MuUKpoaspo¢uiIoB OblIa yBenauyeHna B 15,4 pasa,
npu numeBoae bapperra — B 16,5 pa3za [7]. B uccne-
JOBaHHH, IPOBEAEHHOM Ha 34 mauueHTax, oOHapyxke-
HO, 4TO Streptococcus — Hambonee pacnpocTpaHEH-
HBIH TAKCOH B HOPMaJIbHOM MHUIIEBOJE 1 TP pedIItoKc-
a3odarure, HO npu numeBoae bapperra npeobnaxatoT
Veillonella (ana’poOb1), Prevotella (oOnurarHbie aH-
a’poObl), Haemophilus (pakynpraTuBHBIC aHAIPOOHI),
Neisseria (adpo0b1) u Rothia [7]; pon Fusobacterium
(ctporue ana’poOb1) ObLT 0OHAPYIKEH TOIBKO B MUILEBO-
e ¢ pedutrokc-330daruTom wik nuiieBoje bapperra[8].
B npyrom mccnenoBaHuu B KOropTe MalMeHTOB C M-
meBooM bapperTa BbIsBIIEHa CBSA3b MEXAY COOTHO-
LIEHWEM MHUKpPOOPTaHU3MOB pOJOB Streptococcus W
Prevotella v aOOMUHANBHBIM OXUPECHUEM, & TaKXKe
JUTMHOH TPBIKH MUIIEBOJHOTO OTBEPCTHS TUadparmsl,
KOTOpBIE SIBIISIIOTCSl ABYMsI HM3BECTHBIMU (DaKTOpaMu
pHUCKa aeHOKapLIUHOMBI [8].

Takne KOMIIOHEHTBI OaKTepHii, KaK KIETOYHas
creka 1 JIHK, moryT BeicTynare B KauyecTBE JIMTaH-
JIOB Il HEKOTOPBIX PELIENTOPOB Ha AMUTEIUH TMHULIe-
Bofga. Mukpoduopa nuiieBoga, B KOTOpoW mpeobna-
JIAI0T rpaMoTpulareibHbie Oakrepun (Proteobacteria,
Bacteroidetes, Fusobacteria [9]), conepxut 0oJbIoe
konuuectBo JIIIC [10]. JITIC ke mMoryT 3aaep)kuBaTh
OIIOPOKHEHHE JKETyAKA C TOMOUIBIO [IUKIOOKCHTCHA3BI

1/2 uamM HEMOCPEACTBEHHO BIMATH HAa (YHKIHMIO HIK-
HETO MUILEBOAHOTO C(UHKTEpA, MOBBIMIAs BHYTpPHKE-
JYIOYHOE JIaBJIEHHE W CIIOCOOCTBYS BO3SHHKHOBEHHUIO
ractpo3sodareabHON pedUIFOKCHOM 00JIe3HH, YTO MO-
JKET MPUBOJUTH K Pa3BUTHIO ajeHOKapuuHOMEI [10].
JIIC (a Taxke MENTUIOMIMKAH U (JareJuliH) BBICTY-
MarT B KadecTBe JWraHaa Juia Toju-mopoOHOro pe-
uentopa 4 (TLR4), akruBupyst ero skcmpeccuto [10].
AxrtuBanus TLR4 3anyckaer myts NF-xB, cBs3annbrit
¢ kanneporene3om [11]. Kpome Toro, mocie Toro xak
KJIIETKM IMINEBOAA bapperra B3auMOJEHCTBOBANIMU C
JIIC, yeemnuuBanuchk 3xcmpeccusi NOD-nopoOHoro
peuenTopHoro Oenka 3, akTUBHOCTH Kacmasbl-1 u ce-
kpeuust MJI-1B u -18, uto O6b1TO CBA3aHO C aKTUBaLKEH
akTUBHBIX (hopM kuciopoxaa non zaeiicreuem JIIIC u
CIoCOOCTBOBANIO pa3BuUTHIO paka [11].

[Tpu NI0CKOKIIETOUHOM pake B TKaHSIX MHIICBOJIA,
copepxkammx Fusobacterium nucleatum, yBenM4eHO
KOJIM4ecTBO crienuduyeckux renoB xemoknHa CCL20,
4TO YKa3bIBaeT Ha TO, UTO F. nucleatum MOXeT Crioco0-
CTBOBaTh OIYXOJEBOH HHBa3UM MYTEM CTHMYJISALUU
xeMOKHHOB [12]. M3BecTHO, 4TO XEMOKHHBI U UX pe-
LENTOPBl YYaCTBYIOT B Pa3BUTUHU U IPOTPECCUPOBAHUHT
omyxounu [11].

benok, acconuupoBaHHBIM C HUTOTOKCHHOM A
(CagA), u Bakyonusupyromuii TuToTokcuH A (VacA),
npoayuupyemeie Helicobacter pylori, MoryTt cru-
MynupoBaTh KaHieporene3. CagA uMHAyLUpYET IIO-
Bpexaenne JIHK uepe3 omocpenoBaHHYIO XO35SHHOM
MOBBIILICHHYIO BBIPAOOTKY aKTHUBHBIX (OPM KHCIOPO-
na [11]. VacA MoxeT U3MEHSTh IPOHUIIAEMOCTh MEM-
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OpaH u yBenuyuBaTh CKOpOCTh amonro3a [11]. CagAl*
H. pylori moxer Bb3bIBaTh pa3peiBbl JIHK B anuTenu-
aJBHBIX KJIETKAX MUINEBOJA, YTO MPUBOJUT K aTUITHY-
HOWM TUNEPIUIa3UM IUIOCKUX SMUTEIMAIBHBIX KIIETOK
numesoaa [13, 14].

MuKpo6uoTa npu pake xenyaka

B Poccuu B 2020 1. 320071€BAEMOCTh PAKOM Ke-
nmynka cocraBuia 21,89 cmyuas Ha 100 Thic. HaceneHus,
a KOJIMYECTBO HOBBIX 3apPETHCTPHPOBAHHBIX CITyda-
eB— 32 063 [15]. Beicokast pactipocTpaHEHHOCTb 3TOM
MaToJIOTMK BO MHOTOM OIpeAessieT uHTepec K (akTo-
pamM pHCKa €ro pa3BUTHS, BKJIOYash OHOJIOTHYECKUC
(baxTopsl.

XKenynounast MUKpOOHOTa OONBHBIX PAKOM KEITy/I-
Ka XapaKTepU3yeTcs CHIDKCHHEM KOJTMYEeCTBa MpecTa-
Butener Porphyromonas, Neisseria, Saccharibacteria,
Prevotella pallens, Streptococcus sinensis W 0THO-
BPEMCHHBIM  YBEJIMYCHUEM KOJIHMYECTBA OaKTEpHii
Lactobacillus coleohominis, Klebsiella pneumoniae,
Acinetobacter baumannii w Lachnospiraceae [16].
B kwuieuHrke OOJNBHBIX PakOM IKelyAKa HaOIoia-
eTCsl TOBBIINICHUE 4YHcla (PaKyJIbTaTUBHBIX aHAdPO-
00B — mpezncTaBuTENe cemeiicTBa Streptococcaceae
u cemeiictBa Enterobacteriaceae, pona Escherichia.
B oTHomieHun 0OMUraTHBIX aHAa’pPOOOB HAOIIONASTCS
oOparHasi TEHICHIUS — B YaCTHOCTH, COICPKAHUEC B
KuIeuHuke Oakrepuit Faecalibacterium y OHKOJO-
TUYeCKUX OONIbHBIX HIKe Ha 61,4% MO CpaBHEHHUIO
C JAHHBIMH Y JIIONIEH, HE CTPAJAIONIUX OHKOJIOTHYe-
CKUMH 3a00JI€BaHUSIMH. DTO CBHIETEIBCTBYET O KHC-
JIOPO/I3aBUCUMBIX HM3MEHCHHSAX KHIICYHOW MHKPO-
OMOTHI y TIAIIMEHTOB C pakoM xenynka. B cryne atux
MAI[MCHTOB Yallle BCTPEYAIOTCS MPEICTABUTEIN THUIIA
Proteobacteria (p = 0,0155), a 3HAYMMBIX OTJIUYHUN 110
COACP)KAHMIO TpeACTaBUTENeH TUNOB Bacteroidetes
u Firmicutes MEXJy OHKOJOTMYECKUMHU OOJBHBIMU
W 310pOBBIMH He oOHapyxeHo [17]. MukpoOHoe co-
o0miecTBo 'y H. pylori-mONOKUTENBHBIX JIUI] TaKKe
XapaKkTepu3yeTcsl yBeIUUYEHHEM B MHUKpOOHMOME XKe-
nynka nonu Proteobacteria (a3poObl U aHa3poObI),
Spirochaetales (a3po0bl U aHa’poObI) U Acidobacteria
(MpenMyIEeCTBEHHO a’po0bl), a TaKke CHHKCHUEM
nonu  Actinobacteria (peUMYILIECTBEHHO a3po0bi),
Bacteroidetes (ana’po06s1) u Firmicutes (ana’po0Osr) [9].
HaoGopor, y H. pylori-oTpunaTenbHbIX JIOAEH OTMEYa-
eTCs OBBIIIEHNE KonndecTBa Firmicutes, Bacteroidetes
u Actinobacteria [18].

U3BecTHO, 4TO pak *emyaKa acCOLUUPOBAH C BOC-
MAMTEIILHBIME TIPOLIECCAMH CIIU3UCTON OOOJIOUKH, U
Ba)KHEHIIIAs POJIb B BOCHAIUTEIILHOM IPOLIECCE IPUHA/I-
nexut H. pylori. B xenyake muu, nHOUIUPOBAHHBIX H.
pylori, oTMe4aeTcs: OBBIIICHHOE HAKOIJIGHUE MPOBOC-
MATUTENLHBIX [IMTOKMHOB, B TOM YHCIIe HHTep(EpoHa-y,
®HO-a, UJI-1, -1B, -6, -7, -8, -10 u -18 [9]. Uaduuu-
poBanue CagA-TOJNIOXKUTENbHBIMU IITAMMaMH IPUBO-
JIAT K aKTHBAIIMU B YKETYAKE OHKOTEHHBIX CHTHAIBHBIX
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nyteii (ERK/MAPK, PI3K/Akt, NF-xB, Wnt/B-catenin,
Ras, Sonic Hedgehog, STAT3) 1 BO3HUKHOBEHHIO MyTa-
uuii rena P53 [19, 20]. VacA aktuBupyet (hakTop pocTa
SHJIOTEJHS COCYIOB M YCHJIMBAET aKTHBHOCTH CHI'HAJIb-
HOro mytd Wnt/B-kaTeHuH, HEOOXOAUMOTO I POCTa U
i dhepeHIMPOBKHY KIIETOK, a Takxke HHruoupyer GSK3
yepes curHainbHbId myTh PI3K/Akt [21-23].

BaxHO OTMETHTb, 4TO IpaMKAIIMOHHAS TEPAITHSI
npu uHGUIMpoBaHuu H. pylori MOXXET ClIoCOOCTBOBATH
BOCCTAHOBJICHUIO MHKPOOHOTBI JKENylKa, YBEJINYH-
Basi KOJMYECTBO TaKMX OaKkTepuil, kak Actinobacteria,
Bacteroidetes w Firmicutes, a taxke OakTepuil pona
Lactobacillus w Bifidobacterium [24]. DddexkruBHas
apagukanus H. pylori cnocoOCTBYeT CHUKECHHUIO PUCKA
BO3HHKHOBEHHMSI pPaKa eyaKa (OTHOCUTENLHBIH PUCK

(OP) = 0,46; 95% U 0,32-0,66) [25].

Ponb MnKkpo6uoTbl B pa3Butun
rena‘rouenmonﬂpuoﬁl KapunHOMbI

Cpenu omyxoseil NeueHU TrenaToLeUTIoNsIpHas
kapuuHoma (I'LIK) auarnoctupyercst 6omnee uem B 80%
cinyuaeB. ['TIK siBisieTcst arpeccUBHON OITyXOJblO: MPH
HEKOTOpHIX €€ opMax OT MOMEHTA IMOSABJICHUS BBIpa-
JKEHHOW KJIMHUYECKOW KapTUHBI 0 CMEPTHU NALUEHTa
MPOXONUT BCETr0 HECKOIBKO MecsiteB [25]. Yacto peru-
CTPUPYIOTCSl CKPBIThIE (POPMBI, KOTIa CUMIITOMBI MPO-
SIBIIIOTCS YK€ TPU 3HAYUTENBHBIX pazMepax OIyXOilu
U HAJIMYMMU OTJAJEHHBIX MeTacTta3oB. B cBA3u ¢ 3TUM
0COOEHHO aKTyaJlbHO BBISIBICHHE (DAaKTOPOB pHUCKA
I'lIK, moMuMo y»e XOpOIIIO U3BECTHBIX: IUPPO3a Iie-
YeHU, HHPUIUPOBaHUs BupycoM renarura B w/mmm C,
HEAJIKOTOJILHON KUPOBOM OONIE3HU MEYEHU U CBSA3AH-
HOM C aJIKorojem >HUpPOBOW Ooyie3HH medeHu [25].
Jna 'K xapakTepHO CHMXKEHHE B KHILIEYHUKE KO-
muuectBa Lactobacillus spp., Bifidobacterium spp. u
Enterococcus spp., Ipu 3TOM HaOmIomaeTcst yBeauye-
nue uncna E. coli [26].

B neuenp nocpeacTBoM NOpTaIbHOM BEHBI IOIA-
JAar0T pa3ln4Hble KUIIEYHbIE METa0O0INTHI, B TOM YHC-
Jie MUKpOOHBIE, KOTOPBIE MOTYT BBI3BAaTh BOCIIAIHTEIb-
Hbl€ M3MEHEHMs] U OKa3aTbCsl TIeNaTOTOKCHYECKUMH,
MO3TOMY TOTEHIHAIbHO MOTYT CIOCOOCTBOBATH KaH-
ueporenesy. Hampumep, MHUKpOOBI, MpHHAIJICKALINE
k knacrepam Clostridium X1 u X1V, monudunupyror
[IEPBUYHBIE JKEITYHBIE KHCIOTHI, IPOAYLUPYyEMBIE Meye-
HBIO, 1O BTOPUYHBIX JKEIYHBIX KHUCIIOT, TAKUX KakK Je3-
OKCHXOJIEBasl KUCIIOTA, KOTOpasi BBI3BIBAET IOBPEXKIE-
Hue /IHK remarouutos [27]. VacA u CagA, npoayuu-
pyemsie H. pylori, Obuin OOHAPYKEHBI B TKAHSX MEUCHU
¢ 'LIK [9]. JITIC u3 H. pylori HEOCPEIACTBEHHO CIIO-
cOOCTBYET POCTY M MHUIPalliH KJIETOK paka MEeYeHHU 3a
cuét nosblieHust yposueir NJI-8 u tpanchopmupyto-
uiero (akropa pocra-pl [9].

Kpome Toro, HapylieHue OajlaHCa NEPBUYHBIX U
BTOPUYHBIX KEITYHBIX KHCIOT U3MEHSET aKKYMYJISIIUIO
€CTECTBEHHBIX KJIETOK-KWIJIEPOB B IEYEHH, KOTOpBIE
MOTYT MpeNOTBpallaTh NEPBUYHBIA M MeTacTaTHue-
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CKHI pOCT OIYXOJIM Ha MOZeINxX Mbltei (p < 0,05) [28].
JAucOuo3 KHIIeYHUKa KOPPEIUPYET C BHICOKUM YPOB-
HEM >KETUHBIX KUCIJIOT, BKJIIOYast Ie30KCUX0JIEBYIO KHC-
JIOTY, YTO MOXET YCKOPATh MPOIPECCHIO OIMyXOiH 3a
CuéT ycuieHus skcipeccuu reHos /L6 u TNFa, pexpy-
TUPOBaHUsI MakpodaroB B meueHb U akTuBanuu TLR4,
410 OBUIO [TOKA3aHO Ha MBIIUHOM Moaenu. TLR4 ycuiu-
BaeT aKTHBAIMIO 3BE3YaThIX KJIETOK, KOTOpBIE OIocpe-
IYIOT XeMoTakcuc kietok Kyndepa u ceHcuOunmzanuio
MOCJIETHUX K CHUTHAJIaM TpaHC(hOpMHPYIOIIEro Gakropa
pocra-B, uto ciocodcTByeT pubdpo3y nedyenu [29].

Mukpo6uoTa npu pake nopXenyao4yHom
Kene3bl
HenaBHue uccnenoBanus MoKa3alid, YTO MUKPO-
ouota XXKT MoOXeT BIMATh HA KAHIEPOICHE3 IOKE-
nynounoit xenessl [30]. H. pylori sBnsercs 3HaYUMBIM
(akTOpoM pHCKa aJeHOKapIUHOMBI MIPOTOKOB ITOJIKE-
JIyIOYHOM KeJe3bl, a TAKXKe ayTOMMMYHHOT'O, OCTPOTrO
U xpoHudeckoro nankpearuta [31]. Mudunuposanue
H. pylori aktuBupyeT TPaHCKPUIIMOHHBIC (aKTOPHI

NF-«kB u AP-1, Br3biBaeT nosslienue yposHs MJI-8,
YTO HApyLIaeT PETyJISAIHIO KIETOYHBIX TPOLECCOB, BbI-
3pIBaeT BOCHalieHHe M Kauieporenes [19, 32]. JIIIC
H. pylori BeI3BIBaIOT MyTaluu MpoTooHKOreHa KRAS,
KOTOpbIe HaOIOnat0TCs B 85% CllydyacB Mpu aJieHOKap-
LIUHOME TIOJKENYJ0YHOM kene3sl [33]. H. pylori akTu-
BUpYeT curHanbHbIA 0e10k STAT3, uTo ycunuBaet 3Kc-
MPECCUI0 aHTHAMONTOTHYECKUX U MPONU(epaTHBHBIX
OenxoB, Takux kak Bcl-xL, MCL-1, cypBuBuH, c-Myc
u uukiauH D1 [34-36].

Axtusanus Toll-nogo6Hbx 1 Nod-1moo0HbIX pe-
LENTOPOB MUKPOOHBIMU MOJIEKYJISIPHBIMH MaTTEPHAMHU
MOJIEP’)KUBAET XPOHUYECKOE BOCIMAJIEHHE MOKEIly-
JIOYHOM JK€Je3bl U BBI3bIBAET aKTUBALMIO CUTHAIBHBIX
nyteid NF-kB u MAPK, 4ro cnocoGcTByeT pa3BUTHIO
MaHKpeaTuTa U KaHueporenesy [37]. MexaHu3msl, mo-
CPEACTBOM KOTOPBIX KHILIEUHAsi MUKPOOMOTA BIUACT Ha
pa3BUTHE paka MOIKEIyA0YHOM Kele3bl, MpecTaBie-
HEI Ha puc. 3.

N-3-0KCOA0€KaHOMI-TOMOCEPHUH,  CUTHaJbHas
MOJIEKYJia CHCTEMBI «1yBCTBa KBOpyMa» Pseudomonas

| Oucbaktepnos |

I
|
|
|

-l-.

MeTtabonuTbl kuwevHon mukpobuoTel: KLIXKK, nunononucaxapwabl v ap.

AktmBaums TLR n NLR |

v

AxtnBaumsa NF-kB n MAPK-nyTten |

MyTtauusa rena KRAS XpoHuyeckoe BoCnaneHne u UMMYHHbIN OTBET OXnpeHue, NnaHKpeaTuT, caxapHbli
<> <— anabert, apyrve dakTopbl pucka
(kypeHue, cTapeHue)

. KneTkn onyxonu nogxenyaodHon xenesbl
Makpodoar

T-perynsTopHas kneTka

T-xennep [eHapuTHas knetka

Pwuc. 3. Ponb KnwweYHON MMKPOOMOTLI B pa3BUTMK paka nogpkenyaoyHon xeness [30].
Fig. 3. The role of the intestinal microbiota in the development of pancreatic cancer [30].
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aeruginosa, CBA3BIBAsCH C IKCIPECCHUPYEMbIM B KIIET-
Kax TOKeNyI04HOM xene3nl Oenkom TAS2R38 (pe-
LENTOP TOPLKOTO BKYCa), TOBBILIAET aKTUBHOCTH Oell-
Ka MHOYKECTBEHHOH JIEKapCTBEHHOH ycToiunBocTu 1
(ABCBL1), cnocoOcTBys MHBa3Wu OakTepuii M MeTa-
crasupoBanuio paka [38]. bakrepuu, KOIOHU3UPYIO-
HIMe POTOBYIO MOJOCTb, IPU TMEPEHOCE B TOIKETY-
JOYHYIO JKeJle3y MOTYT CIIOCOOCTBOBATH OHKOTEHE3Y.
Hanpumep, Fusobacterium spp. Oblia oOHapykeHa B
OITyX0JIEBOW TKaHU B 8,8% ciryyaeB paka MoKeIy104-
HOH xene3bl [39].

Ponb Mnkpo6moTbi B pasBuTun
KOJIOPEKTAJIbHOIoO paka

Konopekranensiii pak (KPP) — pacnpocrpanén-
Hoe 3a0oJeBaHue, 01 KOTOPOTo B CTPYKTYPE OHKO-
JIOTHYECKOH 3a00JIeBaEMOCTH HACEJIEHUSI COCTaBISIET
12,3%. B 2020 r. B Poccuu ObLIO 3aperucTpupoBaHO
68 264 noBrix cinyyast KPP, a 3a6oneBaemMocTh cocra-
Buiia 46,61 na 100 Teic. Hacenenus [15].

KPP — onuH u3 nepBbeIX BUAOB paka, Ipu KOTO-
pOoM ObuIa BBISIBIICHA CBSI3b MUKPOOHMOTHI C KaHIEpOre-
He3oM [40]. MukpoOuoTa, criocoOCTBYOIIas pa3BUTHIO
OIyXOJIEH, CYLIECTBEHHO OTIAMYACTCS OT MUKPOOHOTEI
3nopoBoli ciusuctor (p < 0,05) [41]. B meraananu-
3¢ M0 OLEHKE MHUKPOOHOTHI KWIIEUHUKA TALMEHTOB C
KPP 6b10 mOKa3aHO yBeTHUEHHE COACPIKAHMS TaKHX
OakTepuii, kak Peptostreptococcus stomatis, Gemella
morbillorum, Bacteroides fragilis, Parvimonas spp.,
F. nucleatum, Solobacterium moorei n Clostridium
symbiosum, O cpaBHEHHIO C (IIOPON 31OPOBBIX JIMIL
[42]. Bonee Toro, B 3KCIepUMEHTE MHUKPOOHOM OOJIb-
Hbeix KPP criocoOeH BBI3BIBATH MPEIOYX0JICBbIC U3ME-
HEHUSI Y 370POBBIX JKUBOTHBIX M YCHJIUBATH UHIYLIU-
POBaHHBII KaHIIEpOTeHe3, YTO OBIJIO MTOKa3aHO B OIBITE
¢ nobasieHueM Qekanuii or nauuentoB ¢ KPP B kopm
CTEPHJIBHBIM U HECTEPWIIBHBIM MBIIIAM, KOTOPBIM JIJIsI
WHIYKIMW OMYyXOJNeH KUIICYHUKA BBOAMIM a30KCHMe-
TaH. Y OOJNBLUIMHCTBA CTEPHIBHBIX )KUBOTHBIX HaOII0-
JAJI0Ch YCHJICHHE Mpoiudepanuud B TKAHSIX TOJICTON
kuku (p < 0,05), a y HeCTepUIbHBIX — YBEIMUYEHHUE
JUCIUTa3Md M YHUCJA MaKPOCKONMHMYECKUX TOJHUIIOB
(» < 0,01) o cpaBHEHHIO C JIOJICH MBIIICH, KOTOPHIM
BBOJIMJIACH OMOTA 3I0POBBIX JuIl [43].

[lo sKcmepuMeHTaIbHBIM U KIMHHUYECKHM JaH-
HBIM, QaktopoM pazsutusi KPP sBnsercs nucbakrepu-
03 KHLICYHOH OHOTHI [43, 44], KOTOPBIH BO3HUKAET MPH
npueMe aHTUOMOTHKOB [45]. BbUIO BBISBICHO MOBBIIIIE-
Hue pucka KPP npu npueme nenunmuinHa 0osee yem
3a | ToJ 10 MOCTAaHOBKU AuarHo3a. Puck Bozpactal ¢
yBEJTUYEHHEM YHciia Ha3HAaYeHHBIX KyPCOB aHTHOMOTH-
koB (> 10 xypcos; OP = 1,2; 95% AU 1,1-1,3) [46].

BrusiHue aHTHOMOTUKOB HAa MHKPOOHMOTY JaKe
NPy KPaTKOCPOYHOM NMPUMEHEHUH MOXKET UMETh JUIU-
TeNbHBIN 3((eKT, KOTOPBIA CO BpeMEHEM MOXKET CIO-
co0CTBOBaThH 00JIce aKTHBHOMY MPOSIBICHHIO JCHCTBHS
KaHIIepOreHHbIX (aktopoB. [IpuMeHenne aHTHOMOTH-
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KOB pa3HbIX KjaccoB (0OeTa-lakTaMoB U (TOPXHHOJIO-
HOB) CTaTUCTHUYECKH 3HauuMo (p < 0,001) yBeauuuBaeT
PUCK OHKOJIOTUYECKHMX 3a00JIeBaHUN KPOBETBOPHOI
CUCTeMbI (MHOXXECTBEHHOW MHEJIOMBI M JIUM(OMBI),
MUILEBAPUTEIBHON CHCTEMBI (KOJIIOPEKTaIBLHOTO, Tera-
TOOMJIMAPHOTO paka, paka MOHKEITyAOUYHON Keje3bl U
JKENMyJIKa), a TakKe JETKUX U MOYEIIOIOBOM CHUCTEMBI
(paka mpeacrarenbHoi sxene3sl (PIDK), moyeBoro my-
3BIps ¥ TIOYEK) [47].

BBuay Toro, 4Tto aHTHOMOTHKH H3MEHSIOT CO-
CTaB U YMEHBIIAIOT 00Iee pasHOOOpa3re MHKPOOUO-
TBl YeJIOBEKa, MPOMCXOIAT WHAYKIHUS XPOHUYECKOTO
BOCTIAJICHUS], TIOJIABJICHUE IBIXaTeIbHOH aKTUBHOCTH
HMMYHHBIX KJIETOK M, CJIEAOBAaTeNbHO, CHIKCHUE HX
(arounTapHoi akTUBHOCTH [48], M3MEHEHHE TKaHe-
cnernuduueckoro Mmeradonusma [46].

OtnenbHble BUABI OaKTEPUil CIIOCOOHBI MPOAY-
LUPOBAaTh TOKCHHBI, KOTOpPbIE IPOBOLMPYIOT BOCHa-
JUTENbHBIE PEaKUWH M TOBBILIAIOT MPOAYKLHUIO aK-
TUBHBIX (OPM KHCIOpoja, Hanpumep B. fragilis [49,
50], npyrue xe (F. nucleatum) U3MEHSIOT CUTHAJILHBIC
OyTH WM CHIWKAIOT 3(PQEeKTUBHOCTH MPOTHBOOMY-
XOJIEBBIX MMMYHHBIX (aktopoB [51]. Tak, uzodop-
Mbl MaTpuKcHBIX Metautonporea3 (BFT-1, BFT-2)
B. fragilis akxTUBUPYIOT BHYTPHKJIETOUHBIC CHUTHAJb-
uele mytd Ras/mTOR u p38 mMuTOoreH-akTUBHpYeMOM
MPOTeUHKUHA3bl. MeTtaiuionporeassl B. fragilis nuay-
LUPYIOT SKCHPECCHI0 MHruOuTOpa Oeyika amornTosa-2,
YTO TIPUBOAUT K YCHIICHHIO POCTa OMYXOJIM U WHTUOU-
poBanuto amonrto3a [52]. Tokcuusl B. fragilis Takxke
YBEIMYUBAIOT NPONU(Epaniio ¥ NPOHUIAEMOCTb Kile-
TOK KHIIEYHUKA, UHAYLHPYS SKCIPECCHIO C-myC MO-
cie pacierienns E-kagrepuHa u nokanuzanuu B-ka-
TeHuHa B siape [52]. boxee Toro, SHTEPOTOKCUTECHHBIM
B. fragilis ciocoOCTByeT SIUTIEHETHYECKUM H3MCHE-
HusM u nospexyenuto JAHK, nnnynuupys pekpytupo-
Banue JJHK-metuntpancdepassl 1, a Taxke cogepxa-
mryto 1oMeH JmjC ructoHoByI0 AeMeTuiasy 2B B kiet-
kax KPP [52].

Cesi3piBanue aaresuHa A F. nucleatum (FadA)
¢ E-xaarepmHoM cmocoOCTBYyeT aKTHUBallUd IyTH
B-catenin—-Wnt u ycunuBaeT CHHTE3 aHHEKCHHa Al,
KOTOPBI CTHMYNIHUPYEeT Npoiaudepanuio SIUTENH-
albHBIX KieToK. FadA Taxke oOnazaer aMuIIOWIO-
MOAOOHBIMU CBOMCTBAMM, YTO YCHJIMBAET aATe3UI0
F. nucleatum x paxoBbiM kietkam [52]. Bemok-ayro-
tparcnoptép 2 F. nucleatum (Fap2) cesi3piBaer d-ra-
nakto3y-p(1-3)-N-anerun-d-ranakto3aMul Ha pako-
BBIX KIJIETKAaX U PEKpyTUpYeT F. nucleatum B OMyXOiH.
Fap2 takke cBsi3pIBaeTcsa ¢ UMMyHOpeLenTopom T-kie-
TOK C IOMOUIBIO JOMEHOB MHTHOMPYIOIIETO MOTHBA Ha
OCHOBE HMMYHOIJIOOYJIMHA U UMMYHOpPELeNTopa Ha oc-
HOBE THPO3WHA U CHIKAET HUTOTOKCHYHOCTh T-KIETOK
U €CTECTBEHHBIX KIIETOK-KHJUIEPOB, CIOCOOCTBYS MX
ru0eny, YTO MPUBOJUT K BBIXOJY OITYXOJH HU3-IIOJ HM-
MyHoJnoruyeckoro koutpouss [52]. JIIC F. nucleatum
nHayuupyet skcnpeccuro MUKpoPHK-21 B anutenu-
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AITBHBIX KJETKax Toiictoi kumku TLR4-3aBucumbiM
00pa3oM, YTO BBI3BIBAET HEKOHTPOIUPYEMYIO KJIETOU-
HYIO TIpOJUQepanuio U pocT omyxoiu [52].

Hrammer E. coli, cuHTe3UpyIOIINE MONUKETH-
cunrasy (pks*), MOryT BeIpaOaThIBaTh FCHOTOKCHUYHBIC
merabonuthl [52]. Tak, KOIUOAKTHH, CBS3bIBASCH C
JHK, obpasyer monepeunsie ceszu JHK n mexue-
[IOYEYHBIE Pa3phIBbl, KOTOPhIE HAPYLIAIOT PETYIISALMIO
KJIETOYHOTO JIJIEHUS M YCWJINBAIOT MyTareHes. Cren-
npudHas A7 KONMMOaKTUHA MYyTallMOHHAsi CUTHATYpA,
XapaKTepu3yloIascs OIHOOCHOBHBIMU 3aMEHaMH, Jie-
JeUussMA M BCTaBKaMM B T-cailTax, XapakTepHa IIpU
KPP [52].

Ponb MUKPO6MOTbI B pa3BUTUMN paKa NErKoro

Pax tpaxen, OpoHXOB M JIEKOTO 3aHHMAaeT 3-¢
MECTO B CTPYKTYpE OHKOJIOTHUECKOH 3a00JeBaeMOCTH
HaceneHus B nenoM (9,8%) u 1-e MecTo y MyX4uuH
(16,5%). B 2020 r. 8 Poccuu 3a0051€Ba€MOCTh COCTaBH-
na 37,13 cnygas va 100 ThIC. NTHIT MYy>KCKOTO Tona [15].
OcHOBHBIMH (DaKTOPaMH PHCKA pa3BUTHA PaKa JETKOTo
SIBJISIFOTCSL KypEHUE, 3arpsi3HEHNE OKPYKaIoIeH Cpeibl,
KAHILIEPOTE€HHBIE IPOU3BOACTBEHHBIE BO3AeHCTBUS. T[]0
MOCIETHUM JaHHBIM, HE HMCKJIIOYEHO U BO3IeiCTBHE
KHLIEYHOH MUKPOOUOTHI [53-55].

Mexnay nbIxaTebHOW M NULIEBAPUTEIBHOU CHU-
CTeMaMH HMEETCsl B3aUMOCBS3b, O0pasyiomas och
«xumeyHuk—nérkuey». [lepenoc mukpoodbuorsr KKT B
NErkrMe BO3MOXKCH MPU aCIHpPaLUy JKEITyIOUHO-TIHIIe-
BOJHOTO COAECPKUMOTO (HampuMmep, pH PBOTE), CyLIe-
CTBYET TaKXe CBA3b JIETKUX U KUIIEYHUKA Yepe3 KpoBe-
HOCHYIO U JINM(aTUIECKYI0 CUCTEMBI.

IIpu pake JNErkoro CylmeCTBEHHO MEHSETCA CO-
cTaB KuleyHOH MUKpooOuotsl. [lo nanueiM H. Zhuang
U COaBT., MOBBHIIICHHOE COAEp)KaHHe OakTepuil pona
Enterococcus B KMIIIEYHOW MUKPOOHOTE aCCOLIMMPOBA-
HO C BO3HUKHOBeHHMEM paka nerkux (p = 0,0187) [56].
VY nauueHToB ¢ pakoM JIETKUX OoJiee HU3KOE colepKa-
Hue Oakrepuii pona Kluyvera, Escherichia, Shigella n
Enterobacter, a Taxxe QUPMHUKYTHBIX OakTepuil pozaa
Dialister nu Faecalibacterium, B TO BpeMsi KaK KOJIU-
yectBO Oakrtepuit poma Veillonella, Fusobacterium w
Bacteroides 31aunTenbHO BBIIIE IO CPABHEHHUIO CO 3710-
poBeiMH JitoneMu (p < 0,05) [57]. CHmKeHHE YHCIICH-
HOCTH OyTHpaT-IpoayLHUPYIOIUX OaKTepuii KMIIEYHON
mukpoouotel (Clostridium leptum, Faecalibacterium
prausnitzii, Ruminococcus) XxapakTepHO AJIs MAIUEHTOB
C HEMEJIKOKJIETOYHbIM pakoM Jiérkoro (p = 0,001) [58].
Bricokoe comepxxanue Oaxtepuit Bacillus w Akker-
mansia muciniphila B KWIIEYHOW MHKpPOOUOTE yBe-
JUYMBAaCT PHUCK BO3HUKHOBEHHMS paka JErKUX
(» <0,05) [59]. KommuecTBo Prevotella, Lactobacillus,
Rikenellaceae, Streptococcus, Enterobacteriaceae,
Oscillospira w Bacteroides plebius 3HaYUTEIBHO
BBIIIIE B KHUILIEYHOW OMOTE y MAIIEHTOB C HEMEJKO-
KJIETOUYHBIM PAKOM JIETKOTO, YEM Yy 3I0POBBIX JIFOIEH
(» <0,05) [60].

MexaHn3MBbl BIUSHHAS KUIIEYHOH MUKPOOHOTHI Ha
oHKOreHe3 B JIErkux pasnooOpasubl. KIDKK, sBiussch
MPOAYKTAaMU MeTa0O0JIM3Ma KHIEYHOW MHKPOOUOTHI
U JEUCTBYS B JIETKHUX KaK CUTHAJIbHBIE MOJIEKYJbI, pe-
TYIUPYIOT (DYHKIIMM UMMYHHBIX KJIETOK U CHIDKAIOT
WHTCHCUBHOCTh BOCHAJUTEIbHBIX M aJUICPIHYCCKUX
peaknuii [31]. B To >xe BpeMsl Ha MBIIIMHBIX MOJAETISX
YCTAQHOBJIGHO, YTO HEKOTOpble OaKkTepuu, KOJIOHU3U-
pytomue n€rkue, CnocoOHbl CTUMYIHPOBATh MPOIYK-
o UJI-1p u UJI-23 mMuenouaHbpIMU KIIETKAaMU 4epes
MyD88-3aBUCHMBI CUTHAIBHBIA MyTh. JTO, B CBOIO
ouepellb, MPUBOIUT K MPOTUQEpallid U aKTUBAIUU
v6-T-mTuMGpONUTOB C TOCIEAYIONIMM IOBBIIICHUEM
npoaykuuu 3¢ deKkTopHbIX MoneKy, Takux kak WJI-17
U JIp., YTO MPUBOJUT K BOCIAJICHUIO U MPOIU(epariun
KJIETOK omyxounu [61].

B omyxomax nérkux MbIIEH IpU KyIBTHUBUPO-
BaHWUU OBUIM BBIICICHBI MpPEACTaBUTEIN pona Lacto-
bacillus (L. murinus, L. reuteri), Streptococcus (S. aci-
dominimus), a Ttakke Aneurinibacillus aneurini-
Iyticus, Corynebacterium, Propionibacterium acnes,
Brevibacterium massiliense, Microbacterium lacticum,
Lactococcus, Bifidobacterium, Acinetobacter radio-
resistens, Staphylococcus [61].

IToMuMoO BO3EHUCTBUS HA UMMYHHBIE U BOCIIAJIN-
TEJIbHBIC PEAKIIUH, METa00NNUTHl OaKTepUil B IETKUX MO-
TYT OKa3bIBaThb TeHOTOKCHYHBIH 3¢ ekt [32]. Hanpu-
Mmep, E. faecalis ciocoOCTBYeT MOBBIIICHHON CEKPEIIUU
Makpodaramu 4-rUAPOKCHHOHCHANS, SIBIISIOLICTOCS
BBICOKOPEAKTUBHBIM ~ QIbJICTUIIOM, TOBPEKIAIOIIUM
JIHK [62]. bakrepuu pona Fusobacterium oka3pIBaloT
TeHOTOKCHYHBIH 3 dekT, 00pasys cepoBogopoxn [63],
a Bacteroides — 3a cu€t reHepalmu akTUBHBIX (hopm
kuciopozaa [64]. bakrepuanbHbie OCIKOBBIC TOKCHHBI,
TAKUE KaK LUTOJETAJIbHBIA Pa3phIXJISIFOLIUI TOKCUH,
UUTOTOKCUYECKHH HEKPOTH3UPYIOWIHMK (aKkTop, BHI3bI-
BalOT AByuenodeuynsie paspuiBel JJHK, a xonmnbaktun
MPOSIBIISIET KaHLIEPOTeHHBIH 3 (hekT 3a cueT ankuimupo-
Banus JIHK [65].

Takum 00pa3oM, U3MEHEHHs KUIICYHOW MHUKPO-
OMOTHI y TALIMEHTOB C PAKOM JIETKHX XapaKTepU3YIOTCS
CHIDKEHHEM YHCJICHHOCTH OakTepuii HOpMallbHOW MU-
KpOOHOTBHI, YBEITUYCHUEM YHCIEHHOCTH yCIOBHO-TIATO-
TeHHBIX OaKTEepHii, a TAaK)Ke CHIDKEHUEM COOTHOIICHUS
Bacteroidetes/Firmicutes, 4to, B CBOIO O4epe/ib, COKpa-
maet koiauuectBo nupkKynmupyromux KIDKK, naayu-
PYIOIUX aIloNTo3, U YMEHBIIACT HHTEHCUBHOCTh MM-
MYHHBIX ¥ BOCHAIUTEIbHBIX peakuuii [53].

MwuKpo61oTa npu pake MOJIOYHOM Xene3bl

B Poccun pax momounoit xenessl (PMXK) 3anu-
MaeT 1-e MecTo B CTPYKType OHKOJIOrMYecKon 3abore-
BaeMoCTH Yy sxeHIuH (21,7%) npu nokazarene 3aboie-
BaemocTH 82,77 Ha 100 ThIC. nHIT KeHCKoTo Tona [15].
daxropamu pucka PMXK sBnstores Bospact 40—60 ner,
HaCJIEZICTBEHHAsl IPEIPACIIONOKEHHOCTh  (MyTaluu
B reHax BRCAI u BRCA2), no3gHue MEpBbIC POIbI
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(mocne 30 15eT), TOPMOHAIBHO-aKTUBHBIC OIMYXOJH
SMYHUKOB, JieueHue sctporeHamu (70% cimyuaeB PMOK
OTHOCATCSL K 3CTPOTrEH-pPELenTOP-ION0KUTEIBHOMY
noartuiy) [66], upe3mMepHoe ynoTpeOieHne anKoros 1
JKUPHOU MOJIOYHOH IPOAYKLIUH, KypEHHE.

[Ipeanonaraerca, 4To MHUKpOOMOTa KHIICYHUKA
MOKET BIMSTH Ha Pa3BUTHE 3JI0KAYECTBEHHBIX HOBO-
00pa30BaHUI MOJIOYHOM Kele3bl (UM KE MPETSITCTBO-
BaTh MX BOSHUKHOBEHUIO), IEHCTBYSI:

1) Ha MeTaboONM3M CTEPOMAOB, B YACTHOCTH, 3a
cuéT cBOEi CIOCOOHOCTH M3MEHSTh NPO(UIb LUPKY-
JUPYIOMKX 3CTporeHoB [67]. baktepuu kuieuHuka,
CHOCOOHBIE METa0ONU3UPOBaTh ICTPOrCHBI (TaKk Ha-
3BIBAEMBIH 3CTPOOOJIOM), BBIICISIOT B-IIIOKYpPOHH/IA-
3y U B-DIIOKO3UAa3y, KOTOpble JACKOHBIOTUPYIOT BbI-
JIEJICHHBIE C JKEMYbI0 SCTPOTEHBI M CIIOCOOCTBYIOT MX
peabcopOiuu B kpoBoTOK. [locne aekoHbroralu cBo-
OOIHBIA ACTPOTCH TPAHCHOPTUPYETCS B AUCTAIbHBIC
y4acTKH (BKJIOYass HIDKHUN OTAEN pEenpoOayKTHBHOMN
cdepsl), TAC OH CBSA3BIBACTCS C ACTPOTCHOBHIMH pe-
LENTOpaMU U 3alyCcKaeT BHYTPUKICTOUHYIO Mepeaady
curHanoB [68]. MHorue Oakrepuu C P-TIIOKypOHH-
Ja3HOH aKTUBHOCTBIO BCTPEUAIOTCS B 2 JOMUHHPYIO-
HIMX MOATPYMIaX, a UMEHHO B knactepax Clostridium
leptum u coccoides, KOTOpble IPUHAMIESKAT K QUITyMY
Firmicutes. bakrepuu u3 ponos Escherichia v Shigella,
oTHocsmmecs Kk Guinymy Proteobacteria, Taxxe obna-
naroT depmeHToM B-rmokyponuaasoi [69]. bakrepun
pona Bacteroides spp., Eubacterium spp., Roseburia
spp., Bifidobacterium spp. obnanaior B-riroko3ujas-
HOM aKTUBHOCTHIO [69];

2) Ha SHepPreTHYecKuil oOMeH, 3aMelIeHHe KO-
TOPOTO MPUBOAMT K OKUPEHUIO, MOBBIIAIOMIEMY PUCK
3JI0KaUECTBEHHBIX ~ HOBOOOpa3zoBaHWi. MuKpoOHO-
Ta yuyactByeT B cunte3e KIDKK u BropuuHbix cosneit
JKEITYHBIX KHCIJIOT, KOTOpPBIE PETYIHUPYIOT dHEpreTude-
ckuit obmeH [70];

3) Ha npoTuBOOIMyX0NeBblii UMMYyHUTET [19]. Ha-
npumep, KKK Gakrepuii OyTupar ¥ mponuoHar cro-
COOHBI MHTHOMPOBATh THCTOHOBBIC JCalleTUIA3bl OIY-
XOJIEBBIX KJIeTOK X03suHa. JIIIC, 0CHOBHOM KOMIIOHEHT
Hapy»XHOM MeMOpaHbI TPaMOTPHULIATEIILHBIX OaKTepHH,
aktuBupyer TLR4 Ha moBepXHOCTH KJIETKH XO35iMHA,
TaKuM 00pa3oM, peKpyTupys T-KIETKH MPOTHB OIyXO-
JNIEBBIX KIETOK. boinee Toro, nupuaokcut (Buramus B)
0aKTepUaNbHOTO MPOUCXOXKACHUS MOXKET CTHMYIHPO-
BaTh MPOTHBOOITYXOJIEBBI IMMYHHBIH Ha/130p X03IWHA
(p <0,05) [20].

Takum 00pazoM, MUKPOOHOTA KUILIEUHUKA OKa3bl-
BaeT pa3HOHANpPAaBJICHHOE ACHCTBHE HA PUCK BO3HUK-
HoBeHHd PMOK B 3aBUCHMOCTH OT KOJIMYECTBEHHOTO U
KaueCTBEHHOIO €€ COCTaBa.

Yyactne MUKpo6uoTbl B pasButun
paka aHgomeTpus
VYpOBHU LUPKYJIHPYIOLIEr0 3CTPOreéHa B oOpra-
HHU3ME YCJIOBEKA 3aBUCAT OT MI/IKpO6I/IOTI:I KHUIIICYHUKa

REVIEWS

[71], 9TO TO3BOJSAET BBOAUTH MOHATHE OCHU «KHIIIECU-
HUK—BIIATaJINIIE», OMOCPEIOBAHHON SCTporeHoM [68].
OcTpob0IIOM IEKOHBIOTUPYET BBIJICICHHBIC C )KETUbIO
3CTPOTEHBI U CIOCOOCTBYET UX peabcopOuuu B KpOBO-
TOK [68]. B cooTBeTCTBHM C PyHIAMEHTAILHON POJIBIO
3CTPOTCHOB W MPOTECTarcHOB B POCTE DHAOMETPHUS
(hakTOpOM pHUCKa paKa SHIOMETPHS SBISACTCS U30BITOK
ACTPOTCHOB WJIM K¢ 0oJiee aKTHMBHAs Iepeavya CUTHa-
JIOB ACTPOreHa, KOTOPOil HE MPOTHUBOCTOMT Meperadya
CUTHAJIOB IIporecTepoHa [72].

Hupkynupyromniye HeakTUBHBIE CTEPOUIBI TAKKE
MPEeBPAIIAOTCS B OUOJOTMYECKH aKTHBHBIE ACTPOTe-
HbI C TIOMOIIBI0 TIeY€HOUHOM cynbdarassl [73]. [Ipen-
MIOJIOKUTENLHO, KHICUHbIe OakTepuu B. fragilis n
thetaiotaomicron, A. muciniphila [74-76], obnanaro-
mye cyiab(hara3HoOW aKTUBHOCTBIO, CIIOCOOHBI THIIPO-
JIM30BaTh MOJICKYJIBI 3CTPOTCHA, KOTOPBIC MOJIBEPIIIUCH
cynb(darany B NEUEHH U BBIBEACHHUIO C KETYBIO B
KKT, 9T0 ToXe MOXKET BIUATh Ha CUCTEMHBIE YPOBHU
acTporena [67].

Tem He MeHEe YPOBEHb 3CTPOICHA Y JKEHIIHMH B
[IOCTMEHONAy3¢ HE 3aBUCUT OT MHUKPOOMOTHI WIIH akK-
THBHOCTH INIIOKYpOHUAA3HI [5]. CnemyeT OTMETUTD, YTO
JIMCOAKTEPHO3 MOXKET MPUBECTU K YMEHBIIICHHUIO KOJIU-
4yecTBa OakTepuil, 00JIaar0IIUX TIFOKYPOHUIA3HOM aK-
TUBHOCTBIO, YTO MTPUBOAUT K MEHBIIICH JCKOHBIOTAIIUU
3CTPOTCHOB U (PUTOICTPOTCHOB JIO UX AKTUBHBIX (POPM.
CHUXCHHE YPOBHS ICTPOTEHA BIIUSCT Ha aKTHBAIIUIO
PEUENTOPOB 3CTPOreHA, YTO MOXKET MPUBECTH K THUIIEP-
ACTPOTECHHBIM 3a00JIEBAHUSIM, OTIIMYHBIM OT OHKOJIO-
THYCCKHX: OKUPCHHUIO, META0OIMYECKOMY CHHIPOMY,
CEPJCUHO-COCYTUCTBIM 3a00JICBAHUSM W CHUKCHUIO
KOTHHTHBHBIX CIIOCOOHOCTEH [5].

Mukpo6uoTa npu pake npeacraTesibHOM
Kenes3bl

B onkonoruyeckoil 3a00NEBAEMOCTH MYKUUH
PIDK 3amumaer 2-¢ mecro (14,8%) ¢ mokazarenem
56,22 cnyyas na 100 TbIc. Myx)uuH [15]. Ero atuomno-
rus octaérest ManonoHsaTHol. K uuciy uaentudunu-
poBaHHBIX (akTopoB pucka PIDK oTHOCAT moxumoi
Bo3pacTt, Hanuuue ciayyaeB PIDK B cembe u HeKoTOpEIE
BapHaHThl FEHETUYECKOIN YyBCTBUTEIBHOCTH, YTO B CO-
BOKYITHOCTH OOBSICHSET OKOJIO TPETH CIIy4aeB, CBA3aH-
HBIX C CEeMEHHBIMH (pakTOpamu.

OOHapyKeHO, YTO KOJIMYECTBO BHIOB Strepto-
coccus M Bacteroides Boiie y myxuun ¢ PIDK [77].
MeTtareHOMHBIN aHalW3 TOKa3al, 4YTo (ONaTHbIE U
ApPrHHUHOBBIC MYTH B MUKPOOMOME KHIICYHUKA OBbLIH
3HAYUTEIHHO U3MEHEHBI. B uccnenoBanuu, B KOTOpoM
aHaJTM3UpOBajIach MUKpOOMOTa KullleuHNKa 20 MyKIUH
(8 ¢ moOpoKavuecTBEHHOM THIIepTpod el IpeacTaTeb-
Hoii skene3bl u 12 ¢ PIDK Beicokoro pucka), ObUT BbI-
sIBJICH TIOBBIILICHHBIA YPOBEHb Bacteroides massiliensis
10 CPAaBHEHHUIO C KOHTPOJbHOU rpynmnoit [78]. Ananus
MHUKpOOHOMa KHIIEYHHKa 152 AMOHCKUX MYXYHH, TIe-
peHécmx OHONCHIO TMPEACTAaTeIbHOM JKeNe3bl, Io-
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Kaszall, 4To KoJuuecTBO Rikenellaceae, Alistipes w
Lachnospira, 1.e. 6akrepuii, npoxynupyroumx KIPKK,
OBLIO 3HAYMTENBHO yBeanyeHo y 6onbHbIX PITK c BBI-
COKUM 3Ha4YeHHEM rpeiina mo mkane [ucona [79].

[Tpu noBeieHny ypoBHel Oakrepuanbhbix JIIIC
B KPOBH OHH CBSI3BIBAIOTCS C TPAHCIOPTHOW MOJIEKY-
noit CD14 u B nanpHeHIIEM ¢ OCHOBHBIM PELENTOPOM
JIIIC — TLR4. TLR4 skcmpeccupyeTcss B OIyXOJIU
MpeAcTaTeIbHOM KeJe3bl uenoBeka. Ha mabopaTtopHbix
moxensx PIDK mokasano, uro aktuBauust TLR4 JITIC
CHOCOOCTBYET BEDKHBAHMIO OITYyXOJIEBBIX KJIETOK B ycC-
JIOBUSIX HEXBATKH IMUTATEIILHBIX BEIIECTB B CHIBOPOTKE,
a TaKke MHIYLUUPYeT BbIpaboTKy (hakTopa pocra 3H-
notenust cocynoB u CCL2 (C-C motif ligand 2) [80].
[lepenaua curnanos JIIIC uepe3 penentop TLR4 ax-
TuBupyeT NF-kB, KOTOpBI Omocpenyer TpaHCKpUII-
LUI0 Pa3iNYHBIX COCOUHEHH, CBSI3aHHBIX CO CTpec-
coM, U ycunuBaeTrcs npu arpeccuBHom PIDK [81].
JITIC E. coli BBI3BIBacT 0OJice CHIIBHOE BOCIAJICHUE,
yem JITIC npyrux Oakrepuii, a Bacteroidales spp. no-
JaBJISIIOT [IPOBOCHANUTENBHYIO Tepenadyy CUTHAJIOB
JITIC 3a cuér anraronuctuyeckor Gopmer JIIIC [80].
g pacno3nasanus 0akrepuanbHbix JITIC ¢ momornisio
TLR4 neoOxonuMm ko-peuentop MD2, umeroruii pas-
HOC CTPOCHHE Y JIFOJIEH U MBIIICH, 4TO 00yCIOBIUBACT
PasHyIo peakuio (MPOBOCTIAIUTENBLHYIO HITH TPOTUBO-
BocnanutenbHy0) Ha ogau JIIIC. OgHako HAa MBIIIU-
ubix Mogensx JITIC Bacteroides dorei, kak u 'y moneH,
MPOSIBIISIET TPOTUBOBOCHATUTEIBHYIO aKTUBHOCTD, YTO
IaéT OCHOBAaHUS MPEANOJIOKUTh OTCYTCTBUE CBSI3H He-
HUMMYHOT€HHOCTH B. dorei co ctpoennem MD2. Takum
0o0pa3zoM, TOYHBIM MexaHu3M omocpenoanHoro JIIIC
aHTaroHu3Ma emi¢ He ycTaHOoBIIEH [82].

B peTpocneKkTHBHOM HCCIEAOBAaHUU OBUIM MPO-
aHayM3upoBaHbl AaHHble 27 212 OompHBIX PIDK m
105 940 xontponbHbIxX Jull. Puck pazsutus PITK cra-
TUCTHYECKH 3HAUYUMO TOBBIIAJICS MpPU NPUMEHEHHU
NEHULWIIMHA ¥ XMHOJIOHOB, CylIb()aHUIaMHIIOB U Te-
tparukiuaoB (OP = 1,2; 95% U 1,1-1,3) [46]. Kak
y’Ke TOBOPWJIOCH BBIIE, aHTUOMOTUKM He 00JamaoT
MOPSMBbIM KaHIEPOTEHHBIM JICHCTBUEM, HO OHHU BIMSIOT
Ha COCTaB MUKPOOUOTHI. DTHUM OOBSICHSIETCS HX OIO-
CpEIOBaHHBIA KaHLIEPOTEHHBIH 3PQEKT, KOTOphIH pea-
JU3YeTCs MPH AJIUTEIEHOM TOBTOPHOM MCIIOIb30BaHUN
B CBSI3U C M3MCHECHUEM 0aKTepUAIBHOTO Pa3HOOOpa3usl.

C.S. Plottel u coaBT. BBIIBUHYIM THUIOTE3Y, CO-
[IaCHO KOTOPOM ACTPOOOIJIOM CBsI3aH C PUCKOM pa3BU-
tusa PIDK [71] Ha ocHOBaHMH TOTO, YTO PELEHTOPHI
3CTPOTreHa-0 U -3 MPUCYTCTBYIOT MPH HEKOTOPBIX BUAAX
PMK, PILK, paka samomeTpusi, kocTei u nérkux [83].

3aKknio4yeHue

Nmeromecss 1aHHbIE NEMOHCTPUPYIOT HaJU4yue
ONPENENIEHHON CBSI3U MEXKY KOJIMYECTBEHHBIM U Kaye-
CTBEHHBIM cocTosiHneM MuKpoonotsl JKKT u puckom
pa3BUTHSL OMYXOJIeBbIX 3aboieBaHmii. bakTepuu Mo-
IyJUPYIOT MMMYHHBIE M BOCHAQJIUTENIbHBIE DPEAKLIMH,

a TaKke BbIPA0ATHIBAIOT META0OIUTHI, U3MEHSIOLIUC
OMOXMMHUYECKHE TMPOIECCHl, YTO B KOHEYHOM HUTOTE
BIIUSICT Ha KaHIeporene3. HopmanbHas MHKpoOHOTa
TOPMO3UT JIBTEPAIMIO TKAHEH, B TO BpeMs Kak Tma-
TOTCHHBIE M YCIOBHO-IIATOTCHHBICE MHUKPOOPTaHU3MBI
HapylIaloT HOPMAJIbHO MPOTEKAIOIINE IPOLECCH U
YBEIMYMBAIOT PUCK BO3HUKHOBEHHUS 3JI0KAYECTBEHHBIX
HOBOOOpa30BaHUI.

K Hacrosimemy BpeMeHH HanboJiee U3yUueHbBI CBSI-
3u Mukpoouothl JKKT u onmyxoseil numieBoza, xKemy-
Ka Y KUIIEYHHUKA, OTHAKO CYIIECTBYIOT JaHHBIC, CBUIC-
TENBCTBYIOIIKE O TOM, uTo MHUKpoOuoTta JKKT moxer
BIIUSITH Ha KaHIIEPOTEHE3 U B pyrux opranax. Hecmo-
TPsl HA TO YTO MUKPOOHOTA IPYTHX OPTaHOB MPEICTAB-
JIieT COOOW 3HAYMTENBHO MEHBIINYI OHOMaccy, oHa
TakK€ MOXKET BO3JEHCTBOBATH HA PAa3BUTHUE OIyXOJIEH
MOCPEACTBOM MOAYJISIIUHN (PU3UOJIOTHUSCKUX U OHOXU-
MHUYECKHUX MPOIIECCOB, & TAKKE B3aUMOJACUCTBUS C KH-
LIEYHOH MUKPOOHOTOH.

Oco0yto poJib B MEIUIUHCKON HAyKe U MPAKTHKE
MpHOOpETACT MPEBEHTUBHAS MEIUIMHA. B 3TOM acrek-
T€ CIEAYeT OTMETUTh, YTO CKPUHUHT COCTaBa MHUKPO-
OHOTBI MOJKET IOMOYb BBISBUTEL IAI[HCHTOB C IOBEI-
IIICHHBIM PUCKOM BO3HUKHOBEHUSI HOBOOOpa30BaHUM, a
MOJYJISIIIUS. MUKPOOHUOTHI Y HUX IO3BOJIUT MPEIOTBpa-
TUTb BOSHUKHOBEHHUE OITYXOJIH.

Ewmeé mHoroe mpeacTtouT y3HaTb O MEXaHU3MaXx,
JICKAIMX B OCHOBE B3aMMOJCHCTBHS KHUIICYHOM MH-
KpOOHMOTHI U MaKpOOpraHu3Ma, a Takke 00 oNTHMallb-
HBIX CTPATETUAX MOAYJSIIMM MHUKPOOUOTHI KUIIICYHHKA
WIH JIPYTHX OPraHoOB JUIs pa3pabOTKU MEpPONpPHUATHI
O JICUCHUIO M MPO(PHIAKTUKE OHKOJIOTHYSCKUX 3a00-
neBanuil. Ha cerogHsmHuil A€Hb HayKa HaXOIWUTCS B
Hadajieé HEMPOCTOrO MyTH U3YyYEHUS CIOKHOIO B3au-
MOJICHCTBHSI MUKPOOHOTBI 1 MAaKPOOPraHU3Ma, HO yiKe
MMEIOIIKEeCs JaHHBIC YKa3bIBAIOT Ha IIMPOKHUE Iep-
CIIEKTHUBBI HCIOIB30BAHUS PE3YAbTaTOB HCCIEAOBAHUN
B MEIMIIMHCKON ITPaKTHKE.
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JHAONN3UHDbI 6aKkTepnodaros
bapkoBa U.A.”, Uxxb6eppeeBa M.M., CayTkuHa A.A.

Bonrorpagckunin Hay4Ho-nccnegoBaTeNbCKU MPOTUBOYYMHbBIN MHCTUTYT, Bonrorpag, Poccusa

AHHOMauus

OHOonun3nHel 6akteprodaroB — OMONOrMYECKM aKTUBHbIE BELLIECTBA, UrpatoLLne ocobyro ponb B XXU3HeAesATENb-
HOCTM hbara, efCTBUE KOTOPbIX HAanpaBneHo Ha Aerpagaumnio NenTuaornukaHa 6akTepmmn-xo3sauHa Ans NpoHUK-
HOBEHUS BHYTPb U nocreayoLero BeicBOboxaeHA notomctea bakteprodpara. B ¢Bs3u ¢ yctonumsocTbio 6ak-
Tepwuii K aHTMBMOTNKAM SHOOMM3NHBI PACCMaTPMBAKOTCS B KAYECTBE anbTEPHATUBHbIX TEPANeBTUYECKUX CPELCTB.
Llenb 0630pa — 0606LueHne aaHHbIX 0 Guonornn, CTpyKType, MexaHnsmax AeNCcTBUst aHAONN3NHOB HakTepuo-
aros, a Takke 0 npenaparax Ha X OCHOBE, HaXOQALWMXCHA Ha PasHbIX CTaanaX UCCNEeAoBaHUN.

BbinonHeH novck pe3ynsraToB MccrnenoBaHuin 6aktepranbHbiX 3HAONM3UHOB 3a nocregHue 20 neT ¢ ucnonb3o-
BaHMeM UHTepHeT-pecypcoB PubMed, Web of Science, Scopus Ha aHMMUIACKOM si3blke MO KIHYEBLIM CrOBaM:
lysin, bacteriophages, holin, antibiotic resistance.

AHanua gaHHbIX NUTepaTypbl Nokasarn, YTo CTPyKTypa (ParoBbiX 3HAOMM3UHOB MPaMMONOXUTENBHBLIX U rpam-
oTpuuatenbHbIX 6akTepuii pasnuyaeTcsa 1 oTpaXkaeT pPasnnyns B apXMTEKTYpe KNETOYHOW CTEHKM Mexay 3TUMU
OCHOBHbIMU BakTepuanbHbIMK rpynnamu. B 3aBMcMMOCTM OT pacliennsaemMon cBa3v B NenTUAOrnvMKaHe SHAO-
NN3UHBI MOXHO Pa3fennTb Kak MMHUMYM Ha NSATb pasnuyHbIX rpynmn: rnuko3unaasel (2 rpynnsl — aMyMHUAassbl n
Mypamuaasbl), 3HAONENTMAA3bI, crneuuduyecke amugornaponassl U MMTUYECKMe TpaHcrnmMko3unasel. Ha ceroa-
HALIHWIA OeHb U3yYeHbl 3HAONN3NHBI, KOTopble 3ddeKTMBHBI NPOTMB psaa NaToreHoB, BKMNYasa Streptococcus
pneumoniae, S. pyogenes, St. agalactiae, Staphylococcus aureus, Mycobacterium spp., Pseudomonas
aeruginosa v ap. Ha cerogHsWHWIA AeHb B psage MccneaoBaHUii Moka3aH TepaneBTUYECKMI MOTeHUMan aHaonu-
3uHOB B 60pbbe ¢ aHTMBNOTUKOPEINCTEHTHBIMU NHAEKLIUAMMN.

KnioueBble cnoBa: 0630p, 3HO0MU3UHbI, bakmepuoghazu, epamnonoxumerbHbie, epamompuyamersHbie 6ak-
mepuu, nenmudoanukaH, aHmubuomuKkope3uCmMeHMHOCMb

McmoyHuk ¢puHaHcupogaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMMN BHELLUHEro (OMHAHCUPOBAHUS NPU NPOBEAEHUN UC-
crnepoBaHus.

KoHgbniukm uHmepecoe. ABTOPbI AeKNapupyoT OTCYTCTBUE SIBHBLIX U NOTEHLMANbHBLIX KOH(PIUKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6rMKkaumen HacTosILLEeN cTaTby.

Ansa yumupoeaHusi: Bapkosa U.A., Mxbepaeesa M.I1., CayTkuHa A.A. QHgonunsuHbl 6aktepunodaros. XKypHan Mukpo-
buonoauu, sanudemuonozuu u ummyHobuonoauu. 2023;100(1):126-134.
DOI: https://doi.org/10.36233/0372-9311-250
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Endolysins of bacteriophages
Irina A. Barkova™, Margarita P. Izhberdeeva, Anastasiya A. Sautkina

Volgograd Plague Control Research Institute, Volgograd, Russia

Abstract

Bacteriophage endolysins are a biologically active substances that play a specific role in the release of phage
progeny by degrading the peptidoglycan of the host bacterium. In the light of antibiotic resistance, endolysins are
considered as alternative therapeutic agents because of their exceptional ability to target bacterial cells.

Aim — summarization of the data on the biology, structure, mechanisms of action of bacteriophage endolysins,
as well as on preparations based on them, which are at different stages of research.

The results of studies of bacterial endolysins over the past 20 years were searched using the Internet resources
PubMed, Web of Science, Scopus in English for the keywords: lysin, bacteriophages, holin, antibiotic resistance.
The analysis of literature data showed that the structure of phage endolysins of Gram-positive and Gram-negative
bacteria differs from each other and reflects differences in their architecture due to variation in the cell wall com-
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position of these two major bacterial groups. Depending on the cleavable bond in peptidoglycan, endolysins can
be divided into at least five different groups: glycosidases (two groups — aminidases and muramidases), endo-
peptidases, specific amidogyrolases, and lytic transglycosylases. To date, endolysins effective against a number
of pathogens have been studied, including Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus
agalactiae, Staphylococcus aureus, Mycobacterium spp., Pseudomonas aeruginosa, etc. A number of studies
have shown the therapeutic potential of endolysins in combating antibiotic-resistant infections.

Keywords: review, endolysins, bacteriophages, gram-positive, gram-negative bacteria, peptidoglycan, antibiotic

resistance
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Wudexkunonnsie 601€3HN OCTAIOTCS OMHON U3 OC-
HOBHBIX ITPUYHH CMEPTHOCTH, Ha MX OO HPUXOAUTCS
710 30% exeroHo perucTpUPyEMBbIX JETAIbHBIX UCXO-
JIOB Ha IUIAHETE, YTO cocTaBisieT 14—17 MiH ciydaes.
B mae 2015 . Bcemupnast opranuzanusi 34paBooxpa-
HEHMs MpU3HANAa PE3UCTEHTHOCTh K AHTUOMOTHKAM
MPUYMHON KPU3UCA COBPEMEHHON MEIULMHBI U MpEN-
JIOXKWJIa T00aIbHBIN TIaH 0OpHOBI ¢ YCTOHUMBOCTHIO
K IPOTUBOMUKPOOHBIM Tipeniaparam [1].

OnHUM U3 TIEpCIEKTUBHBIX HApaBlIeHUH, TI03BO-
JSIOIIMX TPEONOJECTh aHTHOMOTHKOPE3UCTEHTHOCTb,
SIBIIICTCSl MPUMECHECHUE SHJOIM3UHOB OakTeprodaroB
nin  (ar-acCOlMUPOBaHHBIX JIM3UHOB, MOTYYHBLIMX
Ha3BaHHE «IH3UMOONOTUKOBY. OHHU TaK Ke crennupuy-
HBI K KOHKPETHBIM LITaMMaM HJIM BHJIaM OaKTepui, Kak
u Oakreprodaru, He pa3pylIalOT MOJE3HYI0 MHUKPO-
¢opy opranusma u ASHCTBYIOT IPOTUB aHTUOMOTUKO-
PE3UCTEHTHBIX OaKTEPHIA.

Hens 0630pa: 0000IICHUE JAaHHBIX O OMOJIOTHH,
CTPYKTYype, MeXaHu3Max JICHCTBUS HIOIU3HHOB Oak-
Teprodaros, a TAKKe Mpenaparax Ha UX OCHOBE, HAX0-
JSIIUXCSI HA pa3HbIX CTaJUsIX UCCIEIOBaHUH.

MexaHu3m AencTBUA, CTPYKTYpa,
KJ'IaCCI/I(I)I/IKaLII/Iﬂ SHAOJIN3NHOB

OHAoMM3uHBL (aroB akTUBHO U3y4aJllCh B Teue-
HUeE oJTyBeKa in vitro, TonbKo ¢ 2001 1. mosIBUIINCH 3KC-
MepUMEHTaIbHBIE pa0OTHI MO OLeHKE 3PPEKTUBHOCTH
SHIOJU3UHOB C UCIOJIb30BaHHEM OnoMoneneii [2].

JKuzHeHHBI LMK JUTHYECKOro OakTepuodara
BKJTIOUaeT B ce0s CIeyIOINe OCHOBHBIC ATAIbI:

1) cBsA3bIBaHME C PELIENTOPAMHU KIIETKH;

2) orpaHMYEeHHBIN JU3UC MYpPEHHA MEeNTHIOIIHU-
kaHOBOro cjosi u nponukHoBenue JJHK cara BHyTph
KJIETKH OaKkTepuu (TpaHCHeKIHs);

3) uHruOMpoBaHue OHOCHHTE3a HYKJICHHOBBIX
KHCJIOT XO35IMHA C MEPeKIIOUeHHEM Ha OMOCHHTE3 Te-
HOMa (ara;

4) perynupoBaHue COOCTBEHHOTO OEIIKOBOTO CHH-
Te3a;

5) cOopka BUPYCHBIX YacTHUI, JH3HUC KJIECTOUYHOU
CTEHKU OaKTepUH U BBIXOJ BUPYCHBIX YACTHLI.

Takum oOpa3om, B mpouecce HHOUIMPOBAHHS
0aKkTepUu TPOMCXOAT 2 3Tala JM3HCa MEeNTUAONIHU-
KaHOBOTO cJI0s: «JIu3uC u3BHE» («lysis from without»)
u npouukHoBenne THK ¢ara; a Taxke «imsuc u3Hy-
Tpm» («lysis from within») u BbIXon HOBBIX (haroBbIX
qyacTull. «JIM3uc n3BHE» MPOUCXOIMT MPH CBS3BIBAHUU
¢ara co cneunpUUHBIMU PELENITOPAMH, PACIIONOKEH-
HBIMH Ha KJIeTKe OaKTepHH, a 3aTeM Mpu oMol ¢ep-
MEHTOB (hara JU3UPYIOLUIMMH CIOH NENTUAOTIINKAHA 10
creneny, no3sossiromieit JJHK ¢ara okazarbest BHyTpH
KJeTku. TakuM 00pa3oM, «JIN3UC U3BHEY SBISIETCS TO-
YEYHBIM ¥ OTPaHUYEH B MPOCTPAHCTBE U BO BPEMEHHU.
OTH orpaHHYeHHs1 00YCIOBICHBI TEM, YTO BUPYCY LIS
YCIIEIIHOTO OCYLIECTBICHUS CBOEH CTpaTernu pasMHo-
JKEHUSI HEOOXOJMMO MPOHUKHYTH B KIETKY, IIPH 3TOM
He youB e€. OOBIYHO «JIM3UC U3BHEY» OCYLIECTBIACTCS
ACCOLMMPOBAHHBIM C KallCHJOM (aroiu3nHOM, Halpu-
Mep y Oakrepuodara T4 3To cTpyKTypHBIN Oenok Oa-
3aJIbHOM IUTACTHHKH gPS, KOTOPBIA COACPKUT (PyHKIH-
OHANBHBIN JOMEH [3, 4].

«Jlusuc M3HYTpU» B MPOTHBOMIOJIOKHOCTH <JTH-
3HUCY M3BHE» HE OIPaHUYEH B MPOCTPAHCTBE, HO YETKO
NpUBsA3aH KO BPEMEHHU. DHJONU3HUHBI CUHTE3UPYIOTCS
B LMTOIUIA3ME WH(HULIUPOBAHHBIX OakTepuil W aei-
CTBYIOT Ha HHMX W3HYTpH. [y 3ddexTrBHON pabOTHI
SHJIOJHM3MHAM B OOJIBIIMHCTBE CIy4yacB HEOOXOIMMO
NPUCYTCTBHE CIIEUUAIBHBIX PETYISTOPHBIX OEIKOB.
Takue Oenku B MEXKyHAPOIHOMN JINTEpaType Ha3bIBa-
totcst xonuHamu (holin — ot hole «apipay»), koTopble
HE CTOMT IyTaTh C IPEIIIeCTBEHHUKOM HelpoMeIraTo-
pa anerunxoiarHa — xonuHOM (choline). Onuromepst
JaHHOTO OeJKa (GOpMHUPYIOT OTBEPCTHS B LUTOIIa3Ma-
trdeckoit MmemOpane (L[IIM) GakTepuii, uepe3 KOTopbie
3HA0AU3UHbI nepecekatoT LIIM u nomydaror gocTyn
NENTUAOTIIMKAHOBOMY CJIOI0, TEM CaMbIM BBI3BIBAsI €r0
TOTANBHBIA JIM3UC C TOCIEAYIOMINM pa3pylIeHUEM U
BBICBOOOXICHUEM 3peibIX (ParoBbIX yacTuiy [5—7].

Knerouynas creHka y rpaMIoONOKUTEIBHBIX OaKTe-
puii cocrouT u3 nenrtugormukana u LIIM, a y rpamo-
TPHULATEIBHBIX OaKTEepUil — M3 Hapy>KHOW MeMOpaHHl,
nentugoriukana u L{IIM. Haubonee TpynHonpeogonu-
MYIO Tiperpany ¢ary Ha MyTH HHOHULUPOBAHUS CO3AaET
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MENTUIOTINKAHOBEIN ciaoi. OH MOCTPOCH U3 yYepeny-
[oIuxcsl octaTkoB N-aleTuianioko3amMuHa u N-are-
TWJIMYPaMOBOH KUCJIOTHI, COSAMHEHHBIX MEXKIY COOOH
nocpeactBoM P-1,4-mmuko3uaubix cBsized. K N-are-
TUIMYPaMOBOM KHCIJIOTE IPUCOECAUHEH IIENTHHBIN
(bparMeHT, cOCTOSIIMI U3 HECKOIBKUX aMHHOKHCIIOT.
Kak mpaBuio, IMEHHO pa3iiMuue B MENTHIHONW 4acTH
00yCIIOBIMBAaET MHOTOOOpa3ue MeNTUAOTIIMKAaHOB pa3-
JUYHBIX BUAOB OakTepuii. CHIMTBIE TENTUAOM MEXKIY
co0oii OJIOKM ITMKaHOB (MyperH) 00pa3yioT, 0 CyIlle-
CTBY, €IMHYIO TUTAHTCKYIO MaKpOMOJIEKYIY, KOTOpas
ompenesnsieT NPOYHOCTh MENTHUIAOIIUKAHOBOTO CIIOS M
€ro HeMpOHHLAEMOCTb AJISl BUPYCHBIX YaCTHIl M TOK-
cU4eCcKUX (akTopoB OoJbIION Macchl. CieI0BaTeNIbHO,
Uil npoHukHoBeHus (aroBoit JJHK BHYTps KieTkn
¢ary HEoOXOANMO JIOKaJbHO HAPYIIUTH LEJIOCTHOCTD
HE TOJBKO KIETOYHBIX MEMOpaH, HO ¥ MENTHIOINIHKA-
HOBOro ciost [8]. DHmonu3uHbl OakTepuodaroB mpH
HApy>XHOM NMPHUMEHEHHH MOTYT YHUYTOXHTH TPaMIIO-
JIOKUTENbHbIE OaKTEpUU W3-32 OTCYTCTBHS BHELIHEH
MeMOpaHbI B KJICTOYHOU CTeHKE [9].

Crpykrypa (aroBbIX SHAOIU3UHOB TPAMIIOIOKH-
TEJIHBIX M TPaMOTPULIATENBHBIX OaKTepuil OTIMYaeT-
Csl MLy cOOO0M U OTpaXkaeT pa3Inyusl B apXUTEKType
KJIETOYHOH CTEHKH MEKAY 3TUMH OCHOBHBIMU OakTe-
pHUATBHBIME TPYIIIIAMH.

OHAOMU3UHBI (aroB TPaMIIOIOKUTENBHBIX OaK-
TEepUd MMEIOT JBa TUMNa (QYHKUMOHANBHBIX JIOMEHOB!
JIOMEHBI CBS3BbIBAHMS C KIeTOYHOM cTeHkoi (cell wall
binding domains — CBD) u ¢epMeHTaTUBHO aKTHB-
HBIE JOMeHHI (enzymatically active domains — EAD),
KOTOpble 00bEAMHEHBI B MOLYJIbHYIO CTPYKTYpY C OII-
HuUM uiu 1Bymst N-kontieBeiMu EAD u ogauM min He-
ckonbkumu C-koH1eBbiMu CBD, cBsi3aHHBIE KOPOTKOM
nuHKepHO# obnacTeio. EAD obecnieunBaet pacuierie-
HHUE crieluruIecKux CBsi3eil BHYTpH OaKTepHaIbHOTO
nentuportukana. CBD nampasnsier 6enok Ha ero cy0-
CTpaT U JIEPXKUT €ro IUIOTHO CBSI3aHHBIM C OCTaTKaMH
KJIETOYHOM CTEHKH TOCJe JTU3UCA KIETOK, TEM CaMbIM,
BEPOSITHO, IpeAoTBpamas auddysuto u nmocieayrouiee
paspyLIeHHE OKPY>KAIOIIUX HEMOBPEKAEHHBIX KIETOK,
KOTOpbIe emé He ObuTH nHpUIUpoBaHkl Garom [10-12].

OHpoMu3uHb (HaroB rpaMOTPHUIATENBHBIX Opra-
HU3MOB NPEACTAaBISIOT cOo00i HeOOoNbIINMEe OFHOAO-
MEHHBIE [IOOYIApHbIe Oenku (MOJNEKyJsipHas macca
15-20 x/la), cocrosimmue TOIBLKO U3 OJHOTO KaTaaUTH-
yeckoro oMeHa (00braHo0 EAD). CBD B GonbmmHCTBe
CIIy4aeB OTCYTCTBYET B CBS3H C TEM, YTO Hapy>KHas
MeMOpaHa MPEMsATCTBYET CBSI3BIBAHHUIO DHJIOJIM3HMHA C
NEeNTUAOTIIMKAaHOM. Ho CyIIecTBYIOT M WCKITIOUYEHUS:
Hanpumep, dHa0nM3uH OakTepuodara KZ144, 3apaxa-
outero Pseudomonas, iMeeT MOAYIBHYIO CTPYKTYPY:
N-kon1eBoit CBD u C-KOHIIEBYIO TUTUYECKYIO TPAHC-
muko3miaszy [13-16].

EAD xaranusupyer pacnaj NEeNTUAOIIMKAHA.
B 3aBucumMocCTH OT paciieIUIIeMON CBA3U B IENTHUJIO-
IJIMKaHE SHAOJU3UHBI MOXKHO Pa3lIeIuTh KaAK MUHUMYM

REVIEWS

Ha 5 pa3NUYHBIX TPYMI: DIMKO3UAA3bl (2 rpynmnsl —
N-aneTunmnoko3aMuHuassl 1 N-aueTuiaMypamuia-
3b1), SHIAONENTUAA3bI, CTIEHU(PUUECKUE aMUIOTUAPOIIa-
3Bl U JINTUYECKUE TPAHCIIIUKO3MIA3HI [9].

Mypamuazbl M IIIOKO3aMHUHUZAA3bl IO CBOEH
MIPUPOJE SBIIAIOTCA IIMKO3UAAa3aMHU, TOTJa KakK TpaHC-
[IMKO3MIa3bl SBJIAIOTCA THAPOSA3aMU U PaCIICIUISIOT
[IIMKO3UAHBIE CBA3U. N-aneTwiMypamoui-L-anaHus-
aMHJa3bl SIBISIIOTCSA Hanbollee YacTo BCTPEUAIOIIMMHUCS
U paHee UACHTH()UIMPOBAHHBIMH IMENTHIOIIIMKAHTU-
naponazaMy. Ll{McTeMH-rUCTUINH-3aBUCUMbIE aMUJO0-
THIPOJIa3bl/IENTUAA3HbIE JOMEHBI MPECTaBIAIOT CO-
ooii EAD, Hecylue akTUBHOCTh aMMJIa3bl, TOTA KaK
npyrue EAD conepskaT akTHUBHOCTh 3HIOIMENTHA3bI
[17-19].

EAD o0ecneunBaroT crieliuuIHOCTH JTU3HHOB 32
CUéT JIeHCTBUS Ha TapreTHbIE MUILIEHH B NENTHUIOTIH-
kane. Cpeau 2HIOIM3UHOB HanOoJIee pacpoCTpaHeHbI
amMu/1a3bl 1 MypaMua3bl, HalleIEHHbIE HAa BHICOKOKOH-
CepBAaTUBHBIE CBSA3M IMENTHAONIMKAHOB: N-alleTHIMY-
pamoun-L-ananuH-aMua3el THAPOIU3YIOT aMHUIHYIO
CBA3b Mexy N-aleTmiMypaMoBOi KuciaoToil u L-ana-
HUHOM; JIU30LIUM-TIOIOOHBIE MypaMUAa3bl THIPOIU3Y-
10T fl1-4-cBa3b MexAy ocTarkamu N-aneThiMypamo-
BOM KUCJIOTHI U N-alleTWINTIOKO3aMIUHOM. DJIEKTpUYe-
ckuil 3apan EAD urpaer BaKHYIO poib B JIMTHYECKOM
AKTHBHOCTH DOHJIOJHM3MHOB, TOCKOJIBKY MEMOpaHbI
IPaMIIONIOKHUTEIBHBIX OPIraHU3MOB 3apsKEHBI OTPULIA-
TenbHO [20].

CBD pacno3HaoT U COeAUHSIOTCS co crnenugu-
YECKUMH JIUTaHIaMH Ha TIOBEPXHOCTH KJIETKH, o0ecrie-
yuBas aericteue pepmenta. Haubonee pacnpoctpanéH-
HbIM KoHcepBaTtuBHbIM CBD, 0 KoTopoM coo0iaercst B
aureparype, saBisiercss LysM, KOTOpBIN CBA3BIBAECTCS C
N-aneTuarmoKo3aMUHOM YTJIEBOJHOTO OCTOBA MEMNTH-
normukana [21, 22]. Apdunnocts cszeiBanust CBD ¢
COOTBETCTBYIOIIMMHU JIMTAaHIAMH COTNOCTaBMMa ¢ ag-
(PMHHOCTBIO CBSI3BIBAHUS AHTUTEII C AaHTUTeHAMHU [9].

Bzaumogeticteue EAD ¢ K1eTOYHOM CTEHKO OaK-
tepuit He 3aBucuT oT CBD. Pax sHponu3nHOB coxpa-
HSET WIM TOBBIIIAET CBOIO JINTUYECKYIO aKTHBHOCTh
0e3 CBD, Torma kak HEKOTOPBIC SHIOIHU3UHBI JEMOH-
CTPUPYIOT CHHKEHHUE CBOETO JIUTUUECKOTO MOTeHIIHaIa
IIpU JeNIeLIUN B T€HE, NMPOAYKTOM KOTOPOIO SBISAETCS
CBD. IlossimenHnas aktuBHOCTh EAD 10 cpaBHEHUIO
C TOJIHOPa3MEPHBIMU DHIOIM3HHAMH OOBSICHSAETCS HX
HEOONBIINM Pa3MepPOM, KOTOPBIH crlocoOCTByeT aAnd-
¢y3un EAD B knetky [22-25].

['upponus nenTuaomIMKaHa oA AEHCTBUEM 3HIO-
JIM3MHOB NPUBOAMT K JIMZUCY KIETKH, T.€. K e€ rubenu
1 parMeHTHUPOBAHUIO Ha cOcTaBHbIe YacTH. OO aKTUB-
HOCTH SHIOJTU3UHOB OaKTeproparoB MOXHO CYJUTH 110
YMEHBIIEHHIO MYTHOCTH OaKTepHalbHON CyCIIeH3UU
WM TIENTHIOTIMKAaHA, 110 30He JIM3Uca OaKkTepualbHO-
IO ra3oHa, a TaKKe M0 CHIKEHUIO KOJMYECTBa KU3HE-
cnocoOHbIX OakTepuii [24]. CymHocTh MeToaa Typou-
JUMETPUU 3aKII0YaeTcsl B (PUKCUPOBAHWU CKOPOCTH



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMMI. 2023; 100(1) 129

DOI: https://doi.org/10.36233/0372-9311-250

OB30PbI

MaJIeHUs ONITHUECKOHM TUIOTHOCTH BCIIEACTBUE pacmana
KJeTOK. OH MOXKET MPUMEHSATHCS 10 OTHOLICHHUIO K CY-
CTICH3UH JKUBBIX WM MHAKTUBUPOBAHHBIX OaKTepUaIIb-
HBIX KJIETOK, & TaKKe K CYCIICH3USIM MEeNTHAOTIINKAHA.
depMeHTaTUBHYIO aKTUBHOCTH DHJIOJIM3HHOB OOBIYHO
OLICHMBAIOT TI0 CHHXCHHUIO OINTHYECKOH IUIOTHOCTH
OakrepuanbHol cycnen3uu mpu 37°C B Te4eHHUe omnpe-
JeNEHHOTO TIeproia BpeMEeH! My TéM J00aBIeHus Qoc-
(darroro mnu Tpuc-oydepa (pH 7-8), comepkamiero
dbepmenr [9, 26, 27].

KonnyecTBeHHYI0 OLIEHKY (pepMEHTAaTHBHOM ak-
TUBHOCTH SHIOIU3UHOB NPOBOIAT IMyTEM MOACYeTa
4yepe3 peryispHble TPOMEKYTKH BPEMEHH KOIUYeCcTBa
KOJIOHHEOOpa3yIoIuX EAMHUI] MOCJIe BhICEBAa Ha MH-
TaTeJbHbIC CPeAbl cMecH (epMeHTa ¢ OaKTepuanbHON
B3BeChIO [27].

HauMeHbinas KOHIEHTpalysi, KOTOpas MOJaBiIs-
eT OaKTepUalbHBI POCT, HAa3bIBACTCS MHUHUMAaJIbHBIM
WHTUOMPYIOIIUM KOJIMYECTBOM 3HAonu3uHa. [ns e€
orpezeNieHns Ha OakTepHalbHBI MOCEB HAHOCAT He-
Oonbime 06beMbl (5—10 M) cycnieH3un GpepMeHTOB.
OHIOMU3UHBI, OXapaKTePHU30BaHHbIE HA CETONHSIIHUM
JICHb, MOKAa3aJi BBICOKYIO OaKTEPUOIMTUYECKYIO aK-
tuBHOCTE OT 10? 10 108 EJI/™Mr epmenta [9, 28].

3H,EIOJ1VI3|/IHbI KaK TepaneBTn4yeckmne cpeacrtea

Brnepeeie V.A. Fischetti u coaBr. Obul0 OOHa-
PY’KEHO, YTO NepopaibHOE BBEACHHE HSHAOIM3UHA
(Cpl-1) crpenTokokkoBoro 6akrepuodara Cp-1 3amu-
I[aJI0 MBIIIEH OT 3apa)KCHUS BEPXHHUX JBIXATCIbHBIX
nytei Streptococcus pyogenes (30% wunduupoBaH-
HBIX 0cO0el, Mmomy4yaBIINX JieueHue, npotuB 70% uH-
(UIMPOBAaHHBIX B KOHTPOJIBHOW IpyMIe). YBeIn4eHUe
J03bI TIperapara MpUBENIO K MMOJHOMY HMCUE3HOBEHHIO
CTPENTOKOKKOB uepe3 2 4 mociie BBeAeHus . Taxke ObLt
BBEJICH TEPMUH «IH3UOMOTHKY JIJIsl ONTUCAHMSI TEPaIICB-
THYECKOTO MOTCHITMAIa dHA0AU3UHOB [30].

Bckope ObuIH MOJTy4eHbI aHATIOTHYHBIC PE3yiIbTa-
ThI Juis 3HJ0Au3uHa Pal W3 MHEBMOKOKKOBOTO OakTte-
puodara Dp-1. Ounonuzun PlyG Obu1 uumeHTHUIH-
poBaH B «rammax-dare, cnenuduunom s Bacillus
anthracis. Enuananas no3a (50 EJlI/oco0b), BBenénHas
4yepe3 15 MHH nociie BHyTPUOPIOIIMHHOTO 3apaKeHUs,
M03BOJIMJIa BBDKUTE 68,4% 3KCIEpUMEHTAIBHBIX KHU-
BOTHBIX [2, 30].

Ha cerogusAmHuil J€Hb W3y4YE€HBl SHJIOJIHU3UHBI,
KoTOpble 3((EKTUBHBI IPOTHB Psijia MATOTCHOB, BKITIO-
yasi Streptococcus pneumoniae, S. pyogenes, S. aga-
lactiae, Staphylococcus aureus, Mycobacterium spp.,
Pseudomonas aeruginosa, Acinetobacter baumannii,
Escherichia coli, Klebsiella pneumonia, Stenotropho-
monas maltophilia, Burkholderia spp. [13, 15, 16, 19,
23,24, 28-31].

CTOUT OTMETHUTD, YTO BCE CTPENTOKOKKOBEIE SHI0-
JIU3UHBI (HaroB 00JIaat0T BHICOKOM MITaMM-CIISIU(pUY-
HOCTBIO, BKJIOYAsl MHKAICYJUPOBAaHHBIC M TECHUIIMII-
nuH-ycTtoiunBeie. Tak, Hampumep, Cpl-711 (xumepnas

THpoJia3a MyperHa) MpeaCcTaBisieT co00i XOINH-CBS-
3BIBAIOLIMH OEJIOK, CO3JaHHBIA MYTEM CIMSHUS ABYX
JM30LUMOB MTHEBMOKOKKOBBIX ()aroB, MpHUHaAIEKAIIIX
K cemeiicTBy mmkoswiruaponaz GH25, npyrumu cno-
BaMH, KaTaJUTUUYECKUN ToMeH npoucxonut ot Cpl-7, a
JIOMEH CBSI3bIBaHUS KJIETOYHOM cTeHKH — oT Cpl-1 [32,
33]. Jla"HBIA 3HIOIM3MH ObLI HAHOOJIee aKTUBHBIM H
crnenrn(UUHBIM B OTHOIICHUH ITHEBMOKOKKOB W 3aIlld-
hjag MbIIIEH, 3apaXEHHBIX IITaMMOM ITHEBMOKOKKA
D39 IU mpu ero OJHOKpaTHOH BHYTPUOPIOMIMHHOMN
nHbeKkuur. KoMOMHUpOBaHHOE JIeueHHEe SHAO0IN3NHOM
C aHTUOMOTHKAMHM WM OakTepodaraMu MOXKET OBITH
MEPCHIEKTUBHBIM 7151 O0pBOBI ¢ 3a001€BaHUSIMU, CIIPO-
BOLIMPOBAaHHBIMU TOJIUPE3UCTCHTHBIME  [ITAMMAaMHU.
Cunepreruueckuii Oaxrepuuuanbiii sgdexr Cpl-711
1 1edoTakcuma ObLT TOATBEPKIEH C HCIONb30BAHUEM
Mojesieid Mblei u peiook Danio rerio, ”HPUIUPOBaH-
HBIX TOJUPE3UCTECHTHBIM IITAMMOM ITHEBMOKOKKA [34].

B cBs3u ¢ pocrom uucna mTamMmoB S. aureus
C MHOXECTBCHHOH JIEKAPCTBEHHOW YCTOWYUBOCTBIO
(MJIY) 1 METHLMIIIIMHPE3UCTEHTHOCTBIO MTPUMEHEHHUE
AHTHOMOTHUKOB CTAHOBHUTCS HEI(PPEKTUBHBIM.

B Hacrosimee Bpems 3aBepiueHa BTopas ¢asza
KIMHAYECKUX HWCIBITAHUH Mpenapara 3HIOIHM3HMHA
CF-301 (exebacase) («ContraFect»). Ilpu npumene-
HUH N Vitro OH TPOSIBIIST BBICOKYIO aKTHUBHOCTh B OT-
HOLICHUU OMOMIEHOK CTaUIOKOKKA, paspylias ux 3a
KOpOTKHH niepuo. Ilnanupyercs nposeneHue TpeTben
¢a3pl — paHIOMU3UPOBAHHBIC JIBOWHBIEC CIIETbIC IIa-
1e00-KOHTPOJIMPYEMbIE KIMHUYECKHE HCCIIEI0BaHMS,
B KOTOPBIX MPUMYT y4acThe npuMepHo 350 manueHToB
¢ OakTepueMueii, B TOM YUCIIE C SHAOKAPIUTOM, OyIyT
orieHeHbI 3 peKTUBHOCTD U 6e3omacHocTh CF-301 [35].

Bropyro cTaauio KIMHUYECKUX UCIBITAHUN MPO-
xonut npenapar N-Rephasin® SAL200 («Intron Bio-
technology Inc.»). Ero ¢apmakonoruiuecku akTHBHBII
WHTPEUEHT MpPEACTaBICH PEKOMOMHAHTHOH (hopMoit
suponu3uHa ¢ara SAL-1 (rSAL-1). Dror 3Hn0MM3UH
(hara, B CBOIO ouepelb, ObLI MOJTydeH u3 OakTepuoda-
ra SAP-1, xoTopslii HHGUUKPYET WTaMMBbL S. aureus,
Takye KaK METHLIWUIMHPE3UCTEHTHBIC H YCTOHYNBBIC K
BaHkoMuIUHY [36, 37].

Mexnynapoanas kommanus «LYSANDO AG»
3aperuCcTPUPOBAa  TEXHOJIOTHYECKYIO  IIaThopMy
NOJT KOMMEPUECKHM Ha3BaHHeM «Artilysin®y, kotopas
NpEACTaBIsIeT CO00H KOMOMHALIMIO SHIIOJIM3HHOB C
JeCTaOUIU3UPYIOIUMU NenTuaaMu. OOHUM U3 TIPH-
MEpOB apTHIM3UHOB siBsieTcsl Art-175, obnamaromuit
HIUPOKUM CHEKTPOM JECHCTBUS, COCTOSIIIUNA U3 MOJU-
¢unmpoBanHoit Bepcun nuzuHa KZ144 P. aeruginosa
Y MOIIIHOTO aHTUMHKpOOHOTO nentuna SMAP-29, co-
crosmiero u3 29 aMMHOKUCIOT (MHUEIOUIHBIN MenTH
Oapana/sheep myeloid antimicrobial peptide-29).

Aptwimsud  Art-240, xumepHblii  Oenok  aH-
TUCTPENTOKOKKOBOTO JHAONM3WHA ASa2lys W moim-
katoHHoro mnenrtuga (the polycationic nonapeptide
(PCNP), mposiBisieT Takyro XK€ BHIOCHCIU(PUUHOCTD,
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KaK M MCXOAHBIN SHAOIN3WH, HO UMeeT 00IbIIyIO (IpH-
MEpPHO B 2 pa3a) OaKTEPUIIUIHYIO aKTUBHOCTD.

HoBas mentuanass cocTaBismomas MO3BOJISIET
MOJIEKyJaM MPOXOIUTh Yepe3 BHEIIHIOI0 MEMOpaHy M
JOCTUraTh nentuaoriukana. Takum obpasom, aecta-
OMIM3MpOBaHHAs CTEHKa OaKTepHajJbHOW KIIETKU CTa-
HOBHUTCSI HECTIOCOOHOH BBIJEP)KHUBATh BBHICOKOE OCMO-
TUYECKOE JIABJICHUE, YTO PUBOIUT K OBICTPOMY U 3(h-
(heKTUBHOMY JIN3UCY KJIETOK, YTO jAenaeT «Artilysin®»
oosiee 3(h(heKTUBHBIMU MPOTUB KaK TPaMIIOIOKUTEIb-
HBIX, TaK U TPaMOTpHUILIATENbHBIX OakTepuii [37—41].

HoBple mTammbl rpaMOTpHULIATENBHBIX MHUKPO-
opranuzMoB ¢ MJIY, ycroiiunBbie KO BCEM WIIU IOYTH
BCEM JIOCTYNHBIM aHTUOMOTHUKAM, PacCMaTpHBAIOTCS
KakK cepb€3Hasi yrpo3a 3/10pOBBIO.

Mo nanneiM CDC (Centers for Disease Control and
Prevention), B 2017 1. Oakrepuu pona Acinetobacter,
YCTOWYHBEIE K KapOarneHeMaM, ObUTH IPUYNHON HE Me-
Hee 8500 cnyyaeB nHGpEKIMOHHBIX 3a0oneBanuii, 700
U3 KOTOPBIX 3aKOHUMJIUCH JIETAIbHBIM HCXOA0M [42].

Jlmzun LysAB2, cneunuduunsiii mist A. bau-
mannii, ObLI BBIJICICH U3 JUTHYECKOTO (para OAB2
A. baumannii 1 cocToUT U3 N-KOHILIEBOTO JIHU3OLH-
MOTOI00OHOTO AOMEHA U TOJOKUTENBHO 3apsKCHHOM
C-xoHueBoit obnactu. LysAB2 obnamaer mmpoxoit
OakTepULMIHON aKTUBHOCTBIO in Vitro B OTHOLIE-
HUM MYJBTUPE3UCTCHTHBIX KaK IPamMOTPULATEIbHBIX
(A. baumannii u E. coli), Tak 1 rpaMIIONI0KUTEIBHBIX
(S. aureus) Gaxrepuii [43].

PlyF307, ecrectBennsbiii yim3un 16 k/la, xoto-
pBIii OB MACHTU(PHUUMPOBAH U3 MPUPOJHOTO HITAMMa
A. baumannii, coctout u3 N-KOHLIEBOTO ()epMEHTATHB-
HOTO JOMeHa MypaMuaasbl 1 C-KOHLEBOH 001acTH, KO-
TOpasi UMEET BBICOKUW MOJIOKUTENbHBINA 3apsaa. Llene-
Boii caiiT PlyF307 pacnonoxxen Ha 00enx — HapyXHOM
Y BHyTpeHHEH — meMOpaHax A. baumannii.

PlyF307 ycranaBnuBaeT HOHHBIE B3aUMOACH-
CTBHS C HAapy>KHOH MeMOpaHOW M MHUIMUPYET JIUTHU-
Yeckuil mpouecc, odecreunBas JOCTyN N-KOHIEBOTO
(epMEHTAaTHBHOTO AOMEHA K MENTUAONINKAHY, YTO Be-
IOET K HApYLICHUIO BHYTPEHHEH MeMOpaHbI U B KOHEY-
HOM HTOT€ BBI3BIBACT THOEIH OAKTEPUATBHBIX KIIETOK.
PlyF307 — niepBblii rpaMoTpHULIATENbHBINA TU3UH, KOTO-
pBIi TIponeMOHCTpHpoBai 3pHEeKTUBHOCTH in Vvivo Ha
MBIIIUHON Mozienu OakrepueMuu [44].

ITo manueiM CDC, B 2017 . B CIIIA HO30KOMHU-
anpHble MH(pekuuu, BhizBaHHbie MJLY P. aeruginosa,
npuBenu K 32 600 cnyyasm 3aboneBanus u 2700 cmep-
TeNbHBIM UcxoxaM. Vcnonw3ys monxon in silico nns
MIOMCKa TeHOMOB (aroB P. aeruginosa, nuccienoBarenu
uaeHTHguuUposanu 16 ITM3MHOB, cieunPUIHBIX A7 P,
aeruginosa, KOTopble UMeNH (HIOTeHETHYECKOE CXOI-
CTBO C JIU3UHOM A. baumannii PlyF307 [44, 45].

Benércsa axkTUBHBIA IOUCK IIPeNaparoB, Hale-
JeHHBIX TpoTuB P. aeruginosa, E. coli, Enterobacter
cloacae n K. pneumoniae. Ilpenapar CF-370 mnpen-
CTaBIISIET COOOM NU3MH, 00IaAAIONU BEICOKON aKTHB-

REVIEWS

HOCTBIO MPOTUB CHUHETHOWHOW mnayiouku. Ha craaumn
noxnuHudeckux ucneitanuii CF-370 npogemoHCTpu-
POBaJ BBICOKYIO OaKTEPHLUAHYIO aKTUBHOCTH B OTHO-
LICHUU OMOTNIEHOK, CHHEPTU3M C IIMPOKUM CHEKTPOM
CTaHJIapPTHBIX aHTUOAKTEPUANBHBIX CpeACTB [35].

CoTpynHuKaMu  J1aOOpaTOpuM  MOJIEKYJISIPHOM
Oounonmxenepuu MHcTUTYTa OMOOPraHUYECKONH XUMUH
uM. akageMukoB M.M. lllemsakuna u FO.A. OBunHHU-
xoBa PAH Obu1 BBIAEIEH U OMUCAH DHIOIU3UH OaKTe-
puodara S-394, nmonyumnBimuii HazBanue Lys394, pas-
paboraH cnocob ero JOCTaBKU Yepe3 BHEUIHIOK MEM-
Opany E. coli x nentunornukany. ®epMeHT SBIISETCS
PEKOMOMHAHTHOW METAJUIO3aBUCUMON  TENTUIA30M,
CONEPKUT EAWHCTBEHHBIM KaTaJlUTUYECKUN JIOMEH
Peptidase M15 4 u o0nagaeT akTUBHOCTBIO MO OTHO-
LICHUIO K OakTepusim ponoB Salmonella, Escherichia,
Shigella [46].

HccenenoBanbl M OLEHEHBI JIMTUYECKHE CBOM-
CTBa HaTUBHBIX U MYTAHTHBIX (OPM LUTOIUTHUCCKUX
¢depmentoB Oakrteprodara ¢KZ, akTHBHOTO NPOTHB
Oakrepuun Pseudomonas aeruginosa. B pesynbrare uc-
CJICIOBaHUS U3y4ueHbl ()YHKIUOHAIBHBIC JOMEHbI T'eHa
181 Gakrepuodara ¢KZ, xogupyrommii NenTuaoriu-
KaH-JTU3UPYIOUIHH (HEPMEHT, YTO MO3BOIHIIO MOTYUUTh
JeNIeIIMOHHBIC BAPUAHTHI JaHHOTO OeJiKa, OTJINYaloLie-
rocsi OT HaTWBHOW ()OPMBI TMOBBILIEHHOH TepMOCTa-
OMJIBHOCTBIO M aKTUBHOCTBIO [47].

Hpyras rpymmna ucciegoBaTeneii u3yuyuiia 0akre-
puodar Izhevsk, HaliieHHbIH B 00pa3iie MOYBBI, B3S-
TOM € ra3oHa ropoza V>keBck, a TakKe ero 3HJI0JIU3UH
Ply57, xotopblii 00nafaeT MUPOKUM CIIEKTPOM aKTHB-
HOCTHU B OTHOLICHUH OaKTepUi TpymIibl B. cereus-sensu
lato [48].

Hccnenosanue A.B. ITonoBoi u coaBT. mOCBAIIIE-
HO BBIJICJICHUIO M XapaKTEPUCTHKE 8 HOBBIX OakTepu-
AJBHBIX BUPYCOB, KOTOpBIE CIeUUPHUECKH HHOUIHUPY-
10T IWTaMMBI A. baumannii. B xone padoThI Taxxe ObUTH
MOJY4YeHbl pEKOMOMHAHTHBIE JACMOIMMEPa3bl, KOTOpPbIE
SIBIISIIOTCS  [VIMKO3HMJa3aMH M CHelH(UYEecKH paciie-
IUISIIOT KaICYJIBHBIA Junononucaxapun 4. baumannii
10 TUAPOIUTUYECKOMY MeXxaHu3my [49].

B 3710 xe Bpems HU3ydalu aKTUBHOCTb in Vitro
TpeX PEKOMOMHAHTHBIX HJOJIM3UHOB OakTepuodara
Myoviridae (LysAm24, LysECD7 u LysSi3). ®depmen-
ThI TECTUPOBAJIH HA MTaHEJIH IPaMOTPHULATEIbHBIX KIIU-
HUYECKUX OaKTepHallbHBIX HM30JISITOB, BKIIOYAIOIIEH
BCEX TPaMOTPHULATENBHBIX MPEICTABUTENICH TPYIIIbI
ESKAPE. DOunomusun LysECD7 B 3kcnepuMmeHTax
in vivo ¢ WCIOJIb30BaHUEM HMIUIAHTUPYEeMOH Iud-
($y3uoHHON Kamepbl pu GOpMUPOBAHMH OMOIUIEHKH
AHTHOMOTUKOPE3UCTEHTHBIM KIIMHUYECKUM LITAMMOM
K. pneumoniae Ts 141-14 3Ha4uuTENBHO yMEHBIIAT €€
oOpa3oBaHue U ObUT crocoOeH pa3pyIIUTh IMpeBa-
putensHO chopMuUpoBaHHYIO in Vvitro Ouomnéunky. Ilo
MHEeHHI0 aBTopoB, LysECD7 sBnsieTcs mepneKTUBHBIM
9H/IOJIU3MHOM B OTHOIICHWW KIMHUYECKH 3HAYUMBIX
ouorménok [50, 51].
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3aknioyeHue

B cBs3M C POCTOM YCTOMUMBOCTH K aHTUOUOTH-
KaM HEOOXOIUM IMOWCK HOBBIX MPOTHBOMUKPOOHBIX
CpeACTB. DHAOMM3WHBI SIBISIOTCS HEPCIEKTUBHBIMU
BEIIECTBAMH M3-32 UX BBICOKOW aKTUBHOCTH NPOTHB
IUTAHKTOHHBIX, OWOIIEHOYHBIX CTPYKTYp, & TaKxKe
creru(pUIHOCTH U CIIOCOOHOCTH 00pOThCst ¢ MITY -mu-
KpOOpraHU3MaMH.

AHanu3 JaHHBIX JIMTEpaTypbl IMOKa3al, 4TO
CTPYKTypa (aroBbIX HJOJIU3UHOB TPaMIIOIOKHUTEIb-
HBIX W TPaMOTpPHULATEIbHBIX OaKTepUH OTIHYACTCS
MeXay co0O0i M OTpa)KaeT pa3inyus B apXUTEKType
KJIETOYHOH CTCHKH MEXIY STUMH OCHOBHBIMU Oax-
TepUAIBHBIMHU TpynnamMu. B 3aBucuMocTd OT pac-
LICTUIIEMOM CBSI3M B MENTUAOIIMKAHE YHI0JIU3HHBI
MOKHO Pa3lelUuTh KaK MUHUMYM Ha 5 pa3iuyHBIX
IpyNI: TIMKO3UAa3bl (2 rpynmbsl — aMUHHAA3Bl U
MypaMuJa3bl), OJHIONENTHUIA3bI, CHeHUPUIECKUE
aMUJIOTHIPOJIa3bl U JIUTUYECKUE TPAHCIIIMKO3HUIIA3HI.
KonuvectBeHHyI0 OLEHKY ()EPMEHTAaTUBHOW aKTHB-
HOCTH 3HJOJIU3UHOB IIPOBOMIT IYTEM MOACYETA 4Ye-
pe3 peryispHble MPOMEXKYTKH BPEMEHH KOJIMYECTBa
KOJIOHHEOOpa3yIouX eIWHUI] TIocie BhIceBa Ha IMH-
TaTeNbHbBIE Cpebl cMecH pepMeHTa ¢ OaKTepruaIbHOU
B3BeChbl0. Ha cerogHAIHNNI 1eHb U3yYEHbI SHI0IU3H-
HBI, KOTOpbIE 3PPEKTUBHBI MPOTHUB psija NAaTOTCHOB,
BKIItouas Streptococcus pneumoniae, S. pyogenes, S.
agalactiae, Staphylococcus aureus, Mycobacterium
spp., Pseudomonas aeruginosa u np. Pa3paboTaHnsr
npenaparsl, BHEAPEHUE KOTOPBIX HAXOAUTCA Ha pas-
HBIX CTaAUSX HMCIBITAHWH, TPOAEMOHCTPUPOBABIINE
BBICOKYIO OAKTEpUIIUAHYIO aKTUBHOCTD B OTHOILIEHUHU
OMOIUIEHOK, CHHEPTU3M C LIMPOKUM CIIEKTPOM CTaH-
JapTHBIX aHTHOAKTEPHAIBHBIX CPEJICTB.

Hecmotpst Ha BCE BblIECKa3aHHOE, HEOOXOIMMBI
JanbHEeWne UCCeJOBaHMs MO OLEHKE BO3MOXKHOCTH
MPUMEHEHUS penapaTroB Ha OCHOBE YHJONU3UHOB Oak-
TeprodaroB B ie4eOHOH MpaKTUKE.
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WHOOPMAL A

®BYH LleHTpanbHbin HUA
Anuaemuonoruun
PocnoTpe6bHan3opa

HAYKA HA CITY>KBE BALLEMO 3[10POBbA

YBakaemble Konneru!

Mpurnawaem Bac NPUHATb yyacTne B pabote
O6unenHon KOHpepeHLUUN, NOCBALLEHHON
60-neTunio LleHTpanbHOro Hay4YHO-UCCNe[0BaTeNIbCKOro MHCTUTYTa SNNAEMUONOTNN

«nngemmnonorna un HPeKUNoHHble 60ne3Hn:
CBA3b BPeMEH N NOKONEeHNN»
Meponpu,qmue BKJIIOYEHO 8 NJ1aH HAay4YHO-npakmu4eckux Meponpu;?mud

MedepanbHol ciyx6bl N0 HA030py 8 cihepe 3aujumsi npas nompebumereli
u 61azonosyyus Yenoseka Ha 2023 a.

Jama nposedeHus: 27 okmabps 2023 2.

Mecmo npoeedeHus: 2. Mockea, yn. Hogwili Apbam, 36

I{eHTpaJIbHBIA HAYyYHO-UCCIENOBATEIILCKUM HH-
CTUTYT snuaeMuonorun PocnorpedHanzopa — duar-
MaH SIUJEMHOJIOTHYECKOM HAyKu, KPYNHBIA pa3BU-
BAIOUIUICA HAay4YHO-IIPOU3BOJCTBEHHBIM KOMILIEKC,
pelamuii 3aa44 B 00JIaCTH SMHUAEMHUOIOTHYECKOTO
HAA30pa, AMATHOCTUKH, MPO(GHUIAKTHKUA U JICUCHUS
LIMPOKOTO CHEKTpa MH(PEKIIMOHHON MaTOJIOTHU Yeso-
BEKa.

Hayunrslit norennuan Muactutyra — 8 aeiicTBu-
TenbHbIX wieHOB PAH, 180 mOKTOpOB M KaHIUIATOB
Hayk, 6 naypearoB locynapcTBeHHBIX mNpemui, 24
naypeara npemuid IIpaBurenscrBa PO u 1. MoCKBBL
56% Hay4yHBIX COTPYAHUKOB MHCTUTYTa — Moso/ble
y4EHBIE.

Ha 6aze Wucturyra ¢pynkuuonupytot Llentp re-
HOMHBIX HCCIIEIOBaHUNA MUPOBOTO YPOBHS 0 oOecrie-
YEHUIO OMOJOrHYecKol OE30IaCHOCTH B TEXHOJIOTHYe-
CKOHM He3aBUCHMOCTH, HaydHBIH LEeHTp mo mpoduiak-
tuke u 6oprde co CIIMHdom, Hayuno-meronnueckuit
HEHTp HUMMyHonpoduiakTukd Pocmorpebnanzopa,
11 Bcepoccuiickux pedepeHc-1ieHTpoB Pocmorpeo-
Hazaz3opa, 4 npobneMHbIX Komuccuu Yyenoro CoBera
PocnorpebHanzopa, 17 HaydHO-HCCIIENOBATEIHLCKUX
naboparopuii 1 10 HayYHBIX TPYIIL.

HNuctutyT siBIsieTCs OOHUM U3 KPYHHEHUINIUX B
Poccun  BBICOKOTEXHOJIOTHYHBIX HMMIIOPTO3aMelato-
MHUX OMOTEXHOJOTHMYECKUX NPENUPUSITHH MO MPOU3-
BOJICTBY COBPEMEHHBIX JUATHOCTUYECKUX MPENaparos.

Opranmnzaropsl HO0neiiHoi KoH(epeHINN:

» OenepanbHas cayx0a 1Mo Hax30py B cdepe 3aluThl IPaB NOTpeOuTeNel 1 0IaronoIyduns YeI0BeKa;
* ®BYH «llenrpanpubiit HUM Dnimaemuonoruny PocnorpedHanzopa;

* Poccuiickas akanemust HayK;

* Bcepoccuiickoe HayqHO-TIPAKTUYIECKOE OOIECTBO AITUIEMHUOIOTOB, MUKPOOHOJIOTOB U Mapa3UTOJIOrOB;
* HanmonanbHas acconuanus CreuagIucToB M0 HHPEKIIMOHHBIM 00JIE3HsIM UMEHHU aKaJIeMUKa

B.N. IToxpoBckoro.

K yuactuio B pabore KoH(EpeHINH MPUIIAILICHBI
BeylIHEe CIEHHUANUCTHI B O0MAcTH SHHICMHUOIOTHA U
MHQEKIMOHHBIX OoJie3Hel, crenuanuctbl Pocrmorpeo-
HaJ130pa, CIEHUAINCThI IEHTPOB TUTHEHBI U SMHIEMHUO-
JIOTUH, TEPareBThl, MyTbMOHOJIOTH, TaCTPO3HTEPOJIOTH,

(THU3MATPBI, IMMYHOIIOTH, CIELIUAIICTHI Ta00PaTOPHOM
JMarHOCTUKK, MHUKPOOUOJIOTH U BUPYCOJIOTH, HAy4YHBIS
COTpyAHUKU KinuHudeckux otaenoB HMU, mpenopasa-
Tenu Kadeap Tepanuu, THPEKIMOHHBIX O0JIe3HEH 1 S1H-
JIEMUOJIOTHH PA3IMYHBIX MEAUIMHCKUX BY30B CTPAHBI.



Hayunas nporpamma Kondepenuun

* Ucropus pazsutua ®BYH HHUMUD PocnorpebHan-
30pa

* Benymue yuénsie D5YH [THUND Pocniorpeduan3zo-
pa

* Bonpochl obecrieueHust caHUTapHO-3IHAEMHUOIOTH-
yeckoro Omarononyuus Poccuiickoit deneparuu

* MoJIeKyJIIpHO-T€HETUYECKUIT MOHUTOPHUHI B CHCTE-
M€ SIUJICMHUOJIOTHYECKOTO Hal30pa u Omobe3zomnac-
HOCTH CTpPaHBI

* AkTyasbHBIE MPOOJIeMbl MH()EKIMOHHBIX OONe3HEH
Ha COBPEMEHHOM 3Tale: 3THOJOTHS, SMUAEMHUOIIO-
IS, KIMHUKA, JUAaTHOCTHKA 1 MPOQPHIAKTHKA

* COVID-19: usmenumBocts Bupyca SARS-CoV-2,
SMHUAEMHOJIOTHS HOBOI KOpOHABUPYCHOU MH(]EKLNH,
KJIMHUKA, HOBBIE MOJXOABI K AUATHOCTHKE, SMUEMHU-
OJIOTMYECKUI HAA30p U AMUIAEMUOJIOTUYECKUNA KOH-
TpOJIb

* MonexynspHasi TMarHOCTHKa B OHKOJIOTUU

YCcTOWYMBOCTD K aHTUMUKPOOHBIM Ipenaparam: Kiu-
HUYECKas MPaKTUKA U MHUILIEeBast 0e30MacHOCTb
OnuIeMHONIOTHYECKUI HAaa30p U AWArHOCTUKA WH-
(EeKIMOHHBIX OONE3HEH:
— OPBMU u rpunna,
— BUY-undexuuu,
— BUPYCHBIX I'€lIaTUTOB,
—0c000 OMacHBIX M MPUPOAHO-OYArOBBIX WH(QEK-
Ui,
—uHpekunii ¢ (exanbHO-OpaTbHBIM MEXaHU3MOM
nepenau,
— MHKOOaKTepHaIbHBIX HH(EKLHA,
— MH(EKUUH OpraHoB PENpONYKIHH U BHYTPHY-
TPOOHBIX HH(DEKIHUH,
— OINMNOPTYHUCTHYECKUX HH(DEKIU
I'enomHBIE HccienoBaHus MO 0OeCHEYeHUIO OMOIIOo-
TMYeCcKOol 0e30MacHOCTH M TEXHOJOTMUECKOW He3a-
BUCHUMOCTH

B pamkax lO6ueiinoii kondepeHunu OyaeT NpoBoANTHLCSI KOH(epeHIHs MOJTOAbIX YUeHBIX

K yuactuio B KOH(EpeHUIUH MOJOABIX YYEHBIX
MPUITIAIIAIOTCS OPAMHATOPBI, ACIIUPAHThI, Bpauu U Ha-
y4HBIE COTPYIHUKHU B BO3pacTe 10 35 JeT.

Hnst yyactusi B KOH(EpEeHIHMH HEOOXOOMMO [0
1 urons 2023 r. npucnare 3asBKy, aHHOTAIHIO paboThI
Ha DJIEKTPOHHBIN ajapec: uglevas@bk.ru

Dopma 3aa6Kku:

* Ha3BaHUE PabOThI, pe3IOME
* OO,

JlaTa poXKJIeHHUs,

JIOTDKHOCTD,

yu€Has CTeNeHb (MpH HaJIU4YUK),

€CJIM yJaluics — yKa3aTh (aCIIUpaHT, OpJUHATOP —
CIICIUATIBHOCTH ),

opraHu3anys,

TOpoJ U CTpaHa,

HOMep TenedoHa,

ajipec AMEKTPOHHOMN MOYTHI [Tl CBA3H C aBTOPOM.

Konmaxmmuoe nuyo no eonpocam ghopmuposanus nayunoii npoepammol Konghepenyuu:
Yenesa Ceemnana Buxmoposna (omeemcmeenublii cekpemapyb), 0.M.H., OOYEHM

e-mail: uglevas@bk.ru
men. cu.: +7 495 974 96 46, 006. 1122
men. mob.: +7 905 360 87 77

BricTaBka

B pamkax koHgepeHuun OyaeT oOpraHu3zoBaHa
paboTa BBICTABOYHOW SKCIO3WIMH, HA KOTOPOH OymyT
NpEeACTaBIEHb COBPEMEHHBIE TEXHOIOTUH, AUATHOCTH-
YecKHe M JIEKapCTBEHHBIE IpenapaThl, JadopaTopHoe
o0opynoBaHue u 000pyIOBaHUE AJISl IPOBEACHHUS MIPO-

TUBOSIHIEMHYECKHIX 1 TPOPUITAKTHYECKUX MEPOITPHUSI-
THM, BCIIOMOIaTeJIbHbIE CPEACTBA.

Od¢uumaneheiii Texauueckuit opranuzarop: OO0

«3KCIIO ITPECCy, 129515, Mocksa, yn. AkagemMuka

Koponesa, a. 13, UHH / KIIIT 7702630380/771701001.

Ilo sonpocam yuacmus 6 gbicmagke 00pauiamvpcs K pyKogooumenio npoexma

Jveoey Muxauny I'ennaoveeuyy
e-mail: lvov.m.g@inbox.ru
men. +7 495617 36 79

Bonee nonpodnasi uHpopManusi 0 MepONPUSITHH,
a TaK’Ke perucTpanus Ha KoH¢epeHIHIO JO0CTYITHBI Ha 00pa30BaTeIbHOM MOpPTase

www.expodata.info
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