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Virus-inhibitory activity of the antigen complex of opportunistic
pathogenic bacteria against SARS-CoV-2
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Abstract

Introduction. The antigen complex of opportunistic pathogenic bacteria (ACOPB) has a protective effect against
avian influenza viruses, herpes virus type 2, and other viruses that cause acute respiratory viral infections. In
the context of the COVID-19 pandemic, an important task is to find out whether ACOPB has a protective effect
against SARS-CoV-2.

The purpose of the study was to evaluate in vitro the ACOPB virus-inhibitory activity against the Dubrovka
laboratory strain of SARS-CoV-2.

Materials and methods. The study was performed using Vero cell line CCL-81, human peripheral blood mono-
nuclear cells (PBMCs), mouse monoclonal anti-idiotypic antibodies structurally mimicking biological effects
of human interferons (IFNs), the Dubrovka laboratory strain of SARS-CoV-2. The infectivity of the virus was
assessed by two methods: by virus titration using cell cultures and the limiting dilution method when the results
are assessed by a cytopathic effect; the second method was a plaque assay. The in vitro virus inhibition test was
performed using the cell culture susceptible to SARS-CoV-2; the mixture containing a specific dose of the virus
and a two-fold dilution of ACOPB was transferred to the cell culture after the ACOPB medication had interacted
with the virus at 4°C for 2 hours. The ACOPB virus-inhibitory activity against SARS-CoV-2 was assessed by the
functional activity of a/B and y IFN receptors (R ) in human PBMCs induced in vitro by ACOPB and the ACOPB
mixture with the specific dose of SARS-CoV-2. The R ., expression level was measured by the indirect membrane
immunofluorescence test.

Results. Hemagglutination assay using chicken, mouse, guinea pig, and human red blood cells was performed
for detection of the SARS-CoV-2 inhibitory protein. The lysate of Vero CCL-81 cells infected with SARS-CoV-2
Dubrovka demonstrated the highest hemagglutination activity with guinea pig red blood cells and low titers of
hemagglutination in the virus-containing fluid. The virus inhibition test in the Vero CCL-81 cell culture demonstrated
that ACOPB inhibited 10 doses of SARS-CoV-2 Dubrovka with the titer 1 : 32, providing 100% protection of the
cell culture for 8 days (the monitoring period). ACOPB induced a/f and y R ., expression on membranes of human
PBMCs in in vitro cultures and decreased R ., a/B and y expression after its interaction with SARS-CoV-2 Dubrovka.
Conclusion. The experimental studies including the virus inhibition test in the cell culture susceptible to
SARS-CoV-2 Dubrovka and the indirect membrane immunofluorescence assay using monoclonal anti-idiotypic
antibodies mimicking IFN-like properties demonstrated that ACOPB had both an immunomodulatory and a virus-
inhibitory effect.

Keywords: antigen complex of opportunistic pathogenic bacteria, human peripheral blood mononuclear cells, in
vitro culture, SARS-CoV-2 coronavirus, interferon receptors, receptor expression, virus inhibition test, immuno-
modulatory effect
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BI/IpYCI/IHI'I/IGI/IpYIOI.I.IaH AdKTUBHOCTb KOMIJ1IeKCa aHTUIreHoB YCJIOBHO-
naToreHHbiX 6aKTepunin B OTHOLWEHUN KopoHaBupyca SARS-CoV-2
Ceutunu O.A.", Harnesa O.I."%, Kyp6aTtoBa E.A.", bapkosa E.I.", XapueHko O.C.', CtpoeBa A.4.",
MNawkos E.A.", JincakoB A.H.', [paueBa A.B.", Motanosa M.b.?, ®aiisynoes E.B.', 3sepeB B.B.’

'HayuHo-nccnefoBaTenbCKUn UHCTUTYT BAaKLVH 1 CbIBOPOTOK UM, U.W. MeuHunkoBa, Mocksa, Poccus;
[MepBbli MOCKOBCKIMIA FOCYAApCTBEHHbIN MeAMLUHCKNIA yHUBepcuTeT M. .M. CeueHoBa (CeueHOBCKMIA YHNBEPCUTET),
MockBa, Poccus

AHHOMauusi

BBepneHue. Komnnekc aHTUreHoB ycnoBHO-NatoreHHbIx 6aktepuin (KAYTB) obnagaeT npoTekTMBHBIM 3hheKTOM
B OTHOLLEHWW BUpYCa rpunna nTuu, BUpyca repneca 2-ro Tmna v pyrux BUPYCOB, BbI3bIBAIOLLMX OCTPbIE pecnupa-
TOpHbIe BUpYCHble 3aboneBaHus. B cBA3u ¢ naHgemueinn COVID-19 akTyanbHo BbiicHUTb, obrnagaet nu KAYTB
NPOTEKTMBHBLIM 3 (eKTOM B OTHOLLEHUN KopoHaBupyca SARS-CoV-2.

Llenb paboTbl — u3yunts in vitro BupycuHrmbupyollyto aktueHocTe KAYTIB B 0THOLWEHWMM nabopaTopHOro wram-
Ma kopoHaBupyca SARS-CoV-2 Dubrovka.

Matepunanbl n metoabl. B pabote ncnonb3oBany knetoyHyto nuHuto Vero CCL-81, MOHOHyKNeapHble KneT-
kv nepudepunyeckon kposmn yenoseka (MKIIK), MbiMHBIE MOHOKNOHANbHbLIE AaHTUNAMOTUNNYECKUE aHTUTENa,
CTPYKTYPHO MMUTUpYytoLwme bruonorudeckme achdekTtsl MHTepdepoHoB (MPH) yenoseka, nabopaTopHbIi LITaMM
Bupyca SARS-CoV-2 Dubrovka. MHbeKkuMoHHYI0 akTMBHOCTb BUpYyCa Onpeaensnu AByMs MeTogamu: TUTpoBa-
HWEeM BUpyca METOAOM NpeaernbHbIX pa3BefeHWn Ha KNETOYHbIX KynbTypax C OLEHKOW pe3ynbTaToB no uuTona-
TUYEeCKOMY AENCTBUIO U MeToAOoM GnsiwkoobpasoBaHus. Peakums MHIMGUpOBaHNst BUpyca nocTasrnexa in vitro
Ha KINETOYHOW KynbType, YyBCTBUTENbHOM K BUMpycYy SARS-CoV-2, ¢ BHECEHNEM B KIIETOYHYHO KYNBTYPY CMecu
onpeenéHHon Jo3bl BUpYyca K AByKpaTHbIM pa3seaeHnsm KAYTB nocne npegBapuTenbHOro 2-4acoBoro B3a-
UMOLEeNncTBusi npenapata ¢ Bupycom npu 4°C. BupycuHrmbupytowtyto aktmesHocTe KAYTIE B oTHoweHnn SARS-
CoV-2 onpenenanu no nokasartensiM yHKUMOHaNbHON akTMBHOCTU a/B- 1 y-peuentopos U®H (P, ) Ha MKIK
yernoseka, uHayumposaHHbix in vitro KAYTB n cmeckio KAYTIB ¢ onpegenérHon goson supyca SARS-CoV-2.
YpoBeHb akcnpeccuu P, OLieHMBanu B peakuum Henpamon MemopaHHoN MMMYHOMDNYopeCLEHLINA.
PesynkraTbl. [Ins BoisBNeHusa uHrnbumpytowero 6enka SARS-CoV-2 nocraeneHa peakuusi remarrioTMHaumm ¢
apuTpouUTaMm Kyp, MbILLEN, MOPCKUX CBMHOK M yenoseka. B nusate knetok Vero CCL-81, nHdpuuymnpoBaHHbIX
SARS-CoV-2 Dubrovka, obHapyXeHbl MakcMmMarnbHas remarrnioTUHMpYoLLasi akTMBHOCTb C 3pUTpouMTaMmy Mop-
CKOW CBMHKM W HU3KWE TUTPbl remarrnioTMHaumMm B BMpyccodepXallen Xuakoctu. B peakumm nHrmbuposaHus
Bupyca Ha kynetype knetok Vero CCL-81 KAYTB nHrubuposan 10 o3 SARS-CoV-2 Dubrovka c Tutpom 1 : 32 co
100% 3aLmToN KNEToYHOM KynbTypbl B TedeHue 8 cyT (nepwog HabniogeHus). KAYTIB nHayumposan akcnpeccuto
Pon-0/B ¥ -y Ha memBpaHax MKIK 4enoBeka npu KynsTvBMpoBaHUM in vitro n cHwxan akcnpeccuto P, -a/B v -y
npv npegsaputensHoM B3anmogenctanm ¢ SARS-CoV-2 Dubrovka.

3aknto4yeHue. Ha oCcHOBE aKCMEPUMEHTarbHbIX UCCNEeA0BaHWUA, BKITIOYALWMX peakumnio MHrMbpoBaHmsa Bupyca
Ha KynbType KneTok, YyBcTBuTenbHbix K SARS-CoV-2 Dubrovka, n B peakunyn HenpsaMon memOpaHHOW UMMy-
HOhNyopecLeHUMM C UCNOMb30oBaHWEM ANA AETEKUMU MOHOKNOHANbHbIX aHTUMONOTUMNNYECKUX aHTUTEN, UMu-
Tupytowmx MPH-nogobHbIe cBolicTBa, NpogeMOHCTpMpoBaHo, YTo KAYTB obnagaeT uMmyHOMOAYNMpPYOLLERA 1
BMPYCUHIMOMPYIOLLEN aKTUBHOCTBIO.

KnioueBble cnoBa: KOMIMIEKC aHMU2eH08 yCII08HO-Mamo2eHHbIX 6akmeputl, MOHOHYKIeapHbIe KIIemKu rnepu-
gepuyecKkol Kposu Herogeka, KynbmusuposaHue in vitro, kopoHasupyc SARS-CoV-2, uHmepghepoHoebie pe-
Uernmophbl, IKCPeCcCUsi peuernmopos, peakyus uHaubuyuu supyca, UMMyHOMOOynupyrouult sghgpekm

Amuyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoaniock Npy 4o6poBoNbHOM MHEPOPMUPOBAHHOM COFnacumn naum-
eHToB. [MpoTokon nuccneaoBaHnsi ofobpeH STUYECKUM KOMUTETOM Hay4Ho-uccrnenoBaTenbCkoro MHCTUTYTa BaKUMH 1
cbiBopoTok UM. UN.N. MeynunkoBa (npotokon Ne 1 ot 24.01.2023).

UcmoyHuk ¢puHaHcupoeaHus. PaGoTa BeinonHeHa npy MHaHCoBON noaaepxke MUHUCTEPCTBa Hayku U BbICLLIEMO
obpasoBanus Poccuiickon Pepepaumm (CornaweHune Ne 075-15-2021-676 ot 28.07.2021).

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

Ansi yumupoeaHus: Ceutny O.A., Harnesa @.I., Kypbatosa E.A., bapkosa E.[1., XapueHko O.C., Ctpoea A.Ll.,
Mawkos E.A., Jlucakos A.H., pa4eBa A.B., MNotanosa M.B., ®ansynoes E.B., 3sepes B.B. BupycuHrnbupytoLias ak-
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Introduction

In the past few decades, a significant breakthrough
has been made in the studies of cellular and molecular
mechanisms of immunity. The previously established
views of the role played by innate immunity in resistance
to a wide range of pathogens and in activation of the
adaptive immunity have been revised. It has been found
that some bacterial antigens (lipopolysaccharides, pepti-
doglycans, protein antigens on the cell wall, etc.) are in-
volved in controlling the innate immunity system [1, 2].

Activation of TLR-mediated mechanisms of in-
nate immunity through ligands of Toll-like receptors
triggers protection against different pathogens. The
antigen complex of opportunistic pathogenic bacteria
(ACOPB) is used for activation of innate immunity and
protection against viral infections. Previous studies as-
sessed the ACOPB protective effect against avian in-
fluenza virus serotype H5N2 and herpes virus type 2
[3-5]. ACOPB is used for prevention and treatment of
acute respiratory infections, chronic inflammatory dis-
eases of upper and lower respiratory tract, bronchial
asthma, atopic dermatitis, pollinosis, latex allergy, etc.
Clinical trials showed that immunotherapy including
ACOPB, together with the background therapy, resul-
ted in improvement of the phagocytic activity of periph-
eral blood mononuclear cells (PBMCs), and increased
the synthesis of interferons (IFN)-a and -y, etc. [6-9].

SARS-CoV-2 is responsible for the coronavirus
infection that caused the pandemic in 2019. Severe dis-
ease and fatal outcomes resulting from this infection
are associated with damage to the lungs, cardiovascular
system, kidneys, and central nervous system. Signifi-
cant efforts are being made to create antiviral therapeu-
tic and preventive medications [10—12].

The purpose of the study was to evaluate in vi-
tro the ACOPB virus-inhibitory effect against SARS-
CoV-2 Dubrovka.

Materials and methods

The study was performed using strains from the
collection of the common use center of the Mechnikov
Research Institute of Vaccines and Sera, with funding
from the Ministry of Science and Higher Education of
the Russian Federation (Agreement No. 075-15-2021-
676 of 28/7/2021).

ACOPB is a next-generation medication repre-
senting a complex of antigens activating expression of
receptors in cells of the innate immunity system (Toll-
like receptors 1/2, 4, 5, 2/6, 9), thus providing its effec-
tiveness against a wide range of pathogens and allergy.
The medication was created using antigenic compo-
nents extracted from Staphylococcus aureus, Klebsiella
pheumoniae, Proteus vulgaris, Escherichia coli.

Cell cultures

The study was performed using the continuous
green monkey kidney-derived Vero CCL-81 cell line

from the American Type Culture Collection. Cells were
grown in the DMEM/F12 basal medium (PanEco) sup-
plemented with 5% fetal bovine serum (FBS; HyClone)
and 40 pg/ml of gentamicin.

PBMCs were collected from O-positive donors.
The study was performed with voluntary informed con-
sent of the participants.

Monoclonal anti-idiotypic antibodies to IFN-a
and -y receptors (R ) were obtained by injecting mouse
lymphatic hybridomas producing antibodies with an
internal image of human IFN-0/f and -y to syngeneic
BALB/c mice, which was followed by collection and
purification of ascitic fluid containing the above anti-
bodies [14, 15].

SARS-CoV-2 coronavirus

The SARS-CoV-2 Dubrovka virus was obtained
by isolating the virus in the Vero cell culture from the
clinical specimen. For this purpose, we used an oro-
pharyngeal swab collected from a 61-year-old female
patient, in which the real-time RT-PCR detected a high
level of SARS-CoV-2 RNA (8.82 Ig TCD,/ml). Later,
the patient developed clinical symptoms of COVID-19:
cough, shortness of breath, fever, loss of taste and smell.
The thoracic CT showed typical lung tissue consolida-
tion with the total affected area from both sides reaching
50%, and the patient was diagnosed with COVID-19,
virus identified (U07.1, ICD-10); community-acquired
bilateral polysegmental viral pneumonia. The test was
performed with the patient’s voluntary informed consent.

The Vero cell culture was infected with clinical
material and incubated in the CO, incubator for 5 days
until reaching the cytopathic effect (CPE) manifested
by cell rounding; then, the next passaging was per-
formed. To identify the virus, the material obtained at
different passaging levels was tested for the presence
of SARS-CoV-2 RNA using the real-time reverse tran-
scription polymerase chain reaction and primers for
the N gene. At the 2™, 7™, 14" and 21* passages, high
levels of SARS-CoV-2 RNA (9.0, 9.7, 9.2, and 9.9 Ig
RNA copies/mL, respectively) were detected in the cul-
ture liquid. The isolate was assigned to species SARS-
CoV-2 (clade GH) by sequencing the S gene (GenBank
accession number MW514307) [13].

The virus infectivity was measured by two me-
thods: the limiting dilution in cell cultures grown in
48-well plates (Thermo Scientific/Nunc) based on CPE
and the plaque assay (PFU,)) [18] in our modification.
Both methods used for measuring the infectivity of vi-
ruses causing CPE in the cell culture, which is mani-
fested by cell rounding, should be confirmed by another
method of virus infectivity assessment to differentiate
CPE from apoptosis.

Tenfold dilutions of the virus-containing flu-
id (VCF) were prepared starting from dilution 10 to
10® using the DMEM basal medium with 2% FBS.
The growth medium was removed from 48-well plates
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with the Vero CCL-81 cell monolayer; the cell mono-
layer was washed one time with Hanks’ solution. Then,
0.2 ml of each VCF dilution was dispensed into 6 wells
of the plate; 0.2 ml of basal medium was dispensed into
the control wells. The interaction between VCF and the
cells continued in an incubator for 1 hour at 36.5°C and
5% CO,. After the interaction was over, 0.8 or 0.9 ml
of basal medium (the serum-free DMEM medium) was
added to each well, including wells with control cells.

The titration results were assessed on the 4%-5%
day from the infection of the cell culture. The virus ti-
ter was expressed as the highest virus dilution causing
CPE in 50% of infected cell cultures in the absence of
cell destruction in the uninfected cell cultures.

Prior to the plaque assay, the Vero CCL-81 cell
culture was grown in the growth medium in 12-well
plates. 24-48 hours after a confluent cell monolayer
had been formed, the medium was removed; the cell
monolayer was washed with Hanks’ solution. 0.1 ml or
0.2 ml of tenfold VCF dilutions were dispensed into 3
wells, into the central area. One well was left uninfect-
ed for cell culture control. The contact between the vi-
rus and the cells continued in an incubator for 1.5 hours
at 36.5°C and 5% CO,. The remaining liquid was re-
moved from all the wells, including the control well,
and 2 ml of agar overlay consisting of 0.5% Noble agar
and DMEM medium with 4% FBS was added to each
of them. After the agar overlay had solidified at room
temperature, the plates were incubated in the incubator
at 36.5°C and 5% CO,. On the 5" day, 1 ml of 10%
trichloroacetic acid solution or 3% paraformaldehyde
solution was dispensed onto the agar overlay and the
plates were incubated in the incubator for 1 hour. After
the cells had been fixed, the agar overlay was removed
by shaking; the cell monolayer was washed with wa-
ter; the tray was dried, and 1 ml of 0.1% gentian violet
solution was dispensed into wells and remained there
for 2-3 min. Then, the tray was washed with running
water and dried. The number of plaques was counted
for each well. The average number of plaques from
3 wells for each virus dilution was calculated. The virus
titer was expressed as logarithms PFU, /0.1 ml, using
the formula:

X=A4xB/0.2,

where X is a titer in PFU per 1 ml; 4 is the average num-
ber of plaques; B is the virus dilution; 0.2 — the amount
of inoculum (ml) dispensed into one well.

Hemagaglutination assay

Hemagglutination is defined as the ability of some
viruses to agglutinate red blood cells in certain mamma-
lian and avian species. Viruses exhibit their hemagglu-
tination properties selectively toward red blood cells of
certain animal species. Some viruses can affect a wide
range of animal species, while other viruses can affect
only a limited range of species. There is a relationship
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between infectivity and hemagglutination properties of
the virus. The source of the virus is important for the re-
sults of the hemagglutination assay (HA). The hemag-
glutination properties of the virus are not displayed in
any virus-containing material. For example, using HA,
the influenza virus can be detected in nasopharyngeal
washes from a sick person (occasionally), in embryonic
tissue cultures, and in suspensions of infected mouse
lungs [16].

HA was used for detection of the presence or
absence of viral hemagglutinin in cells infected with
SARS-CoV-2 and in VCF. For this purpose, we used
for types of red blood cells: chicken, mouse, guinea
pig, and human. The test involved agglutination of red
blood cells by the viral hemagglutination antigen. HA
was performed in round-bottom 96-well plates (SPL
Life Sciences, Ltd.) and included twofold dilution of
antigens in 100 pl of saline solution and adding of the
equal amount of 0.25% red cell suspension to each di-
lution. The specimens remained exposed to red blood
cells at 4°C for 1.0-1.5 hours until red blood cells set-
tled down in the control wells; then, the HA results
were assessed. The hemagglutination titer of the virus
was expressed as the highest dilution of the antigen, at
which agglutination was observed.

Virus replication inhibition test

Many species of microorganisms produce biolog-
ical compounds that can affect viruses. For example,
spore-forming bacteria Bacillus pumilus, when grown
in the optimum NEW medium, produce biologically
active compounds characterized by antiviral activity
against enteroviruses (poliovirus type 1, Coxsackie B
virus (1-6), ECHO-3, and ECHO-6 [17].

The test procedure was selected for ACOPB to
assess its extracellular virucidal action in vitro toward
SARS-CoV-2. Prior to that, it was found that ACOPB
did not demonstrate any virucidal action in vitro toward
100 doses (2.5 1g PFU, /0.2 ml SARS-CoV-2 with a vi-
rus titer of 4.55 1g PFU, /0.2 ml).

The virus replication inhibition (VRI) test was
performed using two 24-well plates with the Vero CCL-
81 cell monolayer. One plate was used for the VRI test;
the other plate was used for SARS-CoV-2 titration. The
serum-free DMEM medium was used for twofold dilu-
tions of ACOPB (dilutions from 1 : 2 to 1 : 32). SARS-
CoV-2 was added to each dilution in the amount equal
to 10 doses (3.5 1g TCD, /0.2 ml or 3.55 1g PFU, /0.2 ml
at the virus titer of 4.5 lg TCD,/0.2 ml and
4.55 PFU, /0.2 ml). ACOPB interacted with the virus at
4°C for 2 hours, including regular shaking of ingredi-
ents. After the interaction was over, each dilution of the
medication and virus mixture in the amount of 0.2 ml
was dispensed into a 24-well plate, which was washed
one time with Hanks’ solution. Each dilution of the
mixture was transferred into 4 wells of the plate, while
2 wells were designated for cell control and the other



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOIMI. 2023; 100(2) 147

DOI: https://doi.org/10.36233/0372-9311-309

OPUTVHANbHbBIE NCCJTIEAOBAHNA

2 wells — for control of 10 doses of the virus. The virus
interacted with the cells in the incubator at 5% CO, for
1.5 hours; then, DMEM basal medium in the amount of
0.8 ml was added to all the wells in 24-well plates and
the culturing continued. After the lytic cell destruction
in the control well with 10 doses of the virus was de-
tected (usually on the 2"-3" day after the infection),
the results of the VRI test were assessed. The VRI test
titer was expressed as the highest dilution of the medi-
cation, at which we observed 100% protection of cells
against SARS-CoV-2.

Indirect membrane immunofluorescence assay

PBMCs were isolated from heparinized venous
(20 U/ml) human blood using the Ficoll density gradient
centrifugation (1.077 g/cm?®) (PanEco) for 25 minutes
at 1500 rpm. A cell fraction was selected and washed
three times with pre-cooled phosphate-buffered saline;
the remaining cells were resuspended in the DMEM/
F12 medium with 2% FBS so that there were not less
than 1 mln lymphocytes in each well. The suspension of
lymphocytes in the amount of 1 ml was transferred into
wells of 12-well plates.

Two hours before isolation of lymphocytes from
venous blood, the equal amount of 10 doses of SARS-
CoV-2 was added to 0.2 ml of twofold dilutions of
ACOPB and left for interaction at 4°C, with regular
shaking of the mixture.

Three dilutions (1 : 10, 1 : 20, and 1 : 40) of
ACOPB in the amount of 0.1 ml and the ACOPB and
SARS-CoV-2 mixture in the amount of 0.1 ml were dis-
pensed into wells of 12-well plates with lymphocytes.
Then, samples of lymphocytes were collected from the
wells at different time intervals, starting from 1 hour, in
the amount of 5 pl (3 samples per each time interval)
and applied uniformly to chamber slides; the cell sam-
ples were left to dry out at room temperature overnight.
Then, the samples were fixed with double-filtered 3%
paraformaldehyde supplemented with 0.2% bovine
serum albumin for 1 hour at room temperature. Then,
they were washed two times with phosphate-buffered
saline and were blocked in 10% normal goat serum for
1 hour. Mouse monoclonal anti-idiotypic antibodies for
IFN-0/B and -y were applied to each chamber with sam-
ples in the amount of 20 pl and incubated in the humidi-
fied chamber for 1 hour at 36.5°C in the thermostat. Af-
ter the interaction with antibodies, double washing and
drying, the working solution of anti-mouse FITC con-
jugate (BioRad) was applied to the samples. Then, they
were incubated in the humidified chamber for 1 hour.
Prior to its application, the FITC conjugate was dilu-
ted in 0.1% saponin solution with Hanks’ solution and
0.01 M HEPES-buffered saline. After the interaction be-
tween the samples and the conjugate was over, the slides
were washed twice with Hanks’ solution and dried.

The expression level of R, -a/B and -y in PBMCs
was measured using the Optica fluorescent microscope

(Italy) with 100X oil immersion objective and 10X eye-
piece by the percentage of luminescent lymphocytes
per 200 analyzed cells (repeated for each time interval).

VCF was treated according to E. Norrby [19].
Tween 80 diluted 1:10 was added to 100 ml of VCF in
the amount of 2 ml. The mixture was shaken on ice for
5-10 minutes. Ether was added to the mixture in the
amount equal to 1/2 of the volume of the mixture. The
mixture was shaken for 15-20 minutes and then cen-
trifuged for 20 minutes at 3000 rpm. After the centrif-
ugation, the mixture separated into layers; the cloudy
film at the top was carefully pierced with a pipette, try-
ing not to stir it up, and the lower layer was aspirated.
The solution was placed in a flask with a cotton-gauze
plug to allow ether to evaporate and remained there for
24 hours at room temperature. Then, the hemaggluti-
nation titer of the antigen was measured; the solution
was dispensed into vials (1.0 ml) and dried. The dried
antigen can be stored in a refrigerator for several years
without loss of activity. The culture liquid containing
uninfected cells and prepared using the same technique
was used as a control medium.

Statistical analysis of the data

The statistical significance of the obtained da-
ta was assessed using the Mann-Whitney U-test. The
difference was considered significant at p < 0.05. The
reliability was measured using the GraphPad Prism 4
software (Graph Red).

Safety requirements

All works involving SARS-CoV-2 were performed
in compliance with the safety requirements applicable
to handling hazard group 3 pathogens. All the employ-
ees working with the virus were briefed on safety pre-
cautions and have valid certificates for qualification in
Bacteriology, Virology, Biological Safety, which were
issued by the Russian Research Anti-Plague Institute
“Microbe” of Rospotrebnadzor.

Results

During the 1* stage of the study, we conducted
tests checking for the presence or absence of hemag-
glutination properties of SARS-CoV-2 Dubrovka. HA
was used to study hemagglutination properties of the
virus toward chicken, mouse, guinea pig, and human
red blood cells using the suspension of Vero CCL-81
cells infected with SARS-CoV-2 Dubrovka and VCF
from the infected cells.

The results presented in Table 1 clearly demon-
strate the hemagglutination properties of SARS-CoV-2
Dubrovka in the infected cells and low titers in VCF,
which can be explained by a low content of hemagglu-
tinin or by non-specific masking of the phenomenon.
The highest hemagglutination activity is manifested in
the lysate of infected cells with guinea pig red blood
cells.
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The HA results show that Vero CCL-81 cell lines
infected with SARS-CoV-2 Dubrovka contain viral
hemagglutinin — one of the major viral proteins that
are targets for antiviral agents.

For the VRI test, it is important to determine the
dose of SARS-CoV-2 Dubrovka, which should be used
with the ACOPB antiviral medication for VRI. The in-
fectious dose of the virus was identified using the limi-
ting dilution in Vero CCL-81 cell culture and the plaque
assay with the same cell cultures.

Based on CPE, the SARS-CoV-2 titer was 4.50
lg TCD,/0.2 ml; based on the plaque assay, it was
4.55 PFU, /0.2 ml. The VRI test was performed using
10 doses of virus; the virus titer was 3.5 Ig TCD, /0.2 ml
or 3.5 Ig PFU, /0.2 ml (Fig. 1).

When interacting with 10 doses of SARS-CoV-2
Dubrovka, ACOPB had virus-inhibitory activity at
1 : 32 dilution, demonstrating 100% protection of cells
during 8 days of culturing (the monitoring period).

To confirm the virus-inhibitory activity of ACOPB
against SARS-CoV-2 Dubrovka, we conducted tests
aimed to measure expression levels of R -0/B and -y
on membranes of human PBMCs. At the same time, this
method was used to identify the genesis of the protec-
tive activity of bacterial antigens present in ACOPB. In
these tests, mouse monoclonal anti-idiotypic antibodies
mimicking biological properties of human IFN-o/ and
-y, i.e. anti-receptor antibodies were used as a highly
specific marker.

Earlier, we found that when PBMCs were induced
in vitro by ACOPB, the expression of R, -a/B and -y
started more effectively at medication dilution of 1:10
or at 10 pg of the medication. Therefore, we decided
to find the optimum dose of ACOPB, which would in-
duce in vitro the highest expression of IFN-R on PBMC
membranes.

Table 2 shows expression levels of R -a/B on hu-
man PBMCs, which were induced by different dilutions
of the medication as well as by the mixture of ACOPB
with 10 doses of SARS-CoV-2, after they interacted for
2 hours at +4°C prior to being dispensed into cultured
lymphocytes.

The analysis of the expression of R _ -0/B induced
on lymphocyte membranes by ACOPB shows (Table 2)
that the most effective induction with all dilutions of
the medication starts 6 hours after its beginning and

Table 1. Hemagglutinating activity of SARS-CoV-2 Dubrovka
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Vero CCL-81,
SARS-CoV-2 Dubrovka, 102

Vero CCL-81,
SARS-CoV-2 Dubrovka, 102

Vero CCL-81, Vero CCL-81,
SARS-CoV-2 Dubrovka, 10* SARS-CoV-2 Dubrovka, 10-°

Vero CCL-81, KK

Plaque assay in the Vero CCL-81 cell monolayer infected
with SARS-CoV-2 Dubrovka.

reaches the highest level 24-30 after its beginning, and
then its level gradually decreases. It should be noted
that all doses of the medication cause in vitro R, -0/
induction on lymphocyte membranes, i.e. the synthesis
of human IFN-o/B. Note that the maximum synthesis
of IFN-o/pB in vitro is reached at medication dilution of

1:20, i.e. at 5 pg of the medication.

Virus titer in HA with 0.25% suspension of red blood cells

Studied specimens

chicken mouse guinea pig human
Lysate of infected Vero CCL-81 cells 1:64 1:16 >1:256 1:32
VCF from Vero CCL-81 cells 1:16 1:2 1:2 1:2

Uninfected Vero CCL-81 cells

Red blood cell control
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The expression of R -o/B induced in vitro on
lymphocyte membranes using the ACOPB and SARS-
CoV-2 Dubrovka mixture starts decreasing 6 hours af-
ter the induction and continues throughout the study
period (Table 2). The lowest expression level of R .-
a/B is reached 30 hours after the induction; the most
effective decrease in the expression level is observed
when lymphocytes are induced with the ACOPB and
coronavirus mixture at 1:20 dilution or 5 pg (p <0.05).
The obtained results mean that ACOPB inhibits repli-
cation SARS-CoV-2 Dubrovka, neutralizing its infec-
tivity. This conclusion was supported by the results of
the VRI test performed with Vero CCL-81 cell culture
susceptible to SARS-CoV-2 Dubrovka.

The above results clearly demonstrate that ACOPB
is an effective immunomodulatory medication that also
has a virus-inhibitory effect. This conclusion is con-
firmed by the data on the levels of R _ -y (Table 3). The
expression level of R, -v, i.e. the synthesis of immune
IFN by lymphocytes induced in vitro by ACOPB and by
the mixture of the medication with SARS-CoV-2 Du-
brovka involved the same mechanisms as the induction
of R -o/B. The analysis of the data presented in Table
3 shows that ACOPB used in the specified amounts can
induce in vitro R -y expression on membranes of lym-
phocytes cultured in vitro 6 hours after the beginning of
the induction, with the duration lasting up to 50 hours
(the monitoring period). Active expression of R -y is
observed from 24 hours to 44 hours from the induction
by ACOPB; the highest induction is reached at con-
centrations of 10 and 5 ug. The expression of R -y
decreases when lymphocytes are induced by ACOPB
after it has interacted with SAPS-CoV-2 Dubrovka for
2 hours, thus confirming virus-inhibitory activity of
ACOPB.

Discussion
ACOPB is used for effective prevention and treat-
ment of most of the chronic upper and lower respiratory
tract diseases. It has been found that ACOPB has a pro-
tective effect against viral infections — influenza and

ORIGINAL RESEARCHES

herpes virus infections. The COVID-19 pandemic trig-
gered the need to find out whether this medication had
a protective effect when administered for prevention
and treatment of human coronavirus infection. For this
purpose, we used the Russian strain of SARS-CoV-2 —
Dubrovka isolated from a patient with COVID-19 and
adapted to the Vero CCL-81 cell culture.

HA performed for Vero CCL-81 cell culture in-
fected with SARS-CoV-2 Dubrovka strain detected a
high titer of hemagglutinin, which is a target for anti-
viral agents, reaching over 1:256, and its low content
in VCF.

To perform the VRI test with ACOPB, the exact
titer of the virus must be determined. SARS-CoV-2 was
titrated using two methods: the limiting dilution in Ve-
ro CCL-81 cell culture and the plaque assay with the
same cell culture. The virus-inhibitory titer of ACOPB
with 10 doses of SARS-CoV-2 was 1:32, demonstrat-
ing 100% protection of cells for 8 days (the monitoring
period).

It was also important to find out what caused the
protective effect of ACOPB. It is known that IFNs are
required for implementation of the immune response to
an antigenic stimulus, and that any antigen is an interfer-
onogen [10]. Previously, we, using mouse monoclonal
anti-idiotypic antibodies structurally mimicking human
IFN-a/p and -y, demonstrated that the infection-associ-
ated activation of the immune system was represented
by expression of R, -o/f and -y in immunocompetent
human cells [12, 13]. The indirect membrane immuno-
fluorescence assay showed that when delivered in vi-
tro into cultured human lymphocytes, ACOPB induced
R \-0/B and -y, thus demonstrating its strong immuno-
modulatory effect.

When ACOPB interacts with 10 doses of SARS-
CoV-2 Dubrovka strain for at least 2 hours and then is
delivered into lymphocytes cultured in vitro, the expres-
sion level of R, -0/B and -y decreases. These findings
suggest that ACOPB has a virus-inhibitory effect, and
its protective effect is provided by endogenous IFN-0/f
and -y synthesized in the body.
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Antimicrobial resistance in foodborne Salmonella enterica
isolates in the Republic of Belarus
Nina G. Kulikova™, Alexey V. Chernyshkov’, Yuliya V. Mikhaylova', Alexander L. Zenkovich?,
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Anna E. Egorova’, Stepan S. Saenko’, Igor N. Manzeniuk'

'Central Research Institute of Epidemiology, Moscow, Russia;
2State Institution Republican Center for Hygiene, Epidemiology and Public Health, Minsk, Belarus

Abstract

Introduction. Antimicrobial resistance is a global public health concern. Salmonella spp., which can be transmitted
to humans through contaminated food, are among the most important foodborne pathogens worldwide.
Materials and methods. The antimicrobial resistance of 358 bacterial isolates collected from food and water in the
Republic of Belarus (Belarus) in 2018—2021 was studied by analyzing phenotypic and genotypic characteristics
of antibiotic bacterial resistance. MALDI-TOF mass spectrometry was used to classify and identify bacteria.
Phenotypic antimicrobial susceptibility of bacteria was measured by the minimum inhibitory concentration method
using a Sensititre automated bacteriological analyzer and the disk diffusion test for 45 antimicrobial agents.
Antimicrobial resistance genes in multidrug-resistant Salmonella isolates were identified by whole-genome
sequencing.

Results. The in vitro testing of phenotypic bacterial susceptibility showed high susceptibility to fluoroquinolones
(97.2%), third-generation cephalosporins (93.9%), carbapenems (98.0%), ampicillin (81.8%), aminoglycosides
(97.5%), tetracyclines (87.5%), chloramphenicol (93.8%), trimethoprim/sulfamethoxazole (co-trimoxazole)
(95.3%) and colistin (85.2%). It was found that the antibiotic resistance mechanism in S. enterica was associated
with the presence of genes blaTEM-1B (82%), blaTEM-1C (7.7%), blaSHV-12 (2.6%), blaDHA-1 (2.6%),
blaCMY-2 (7.7%), qnrB2 (9.1%), qnrB4 (9.1%), qnrB5 (9.1%), qnrB19 (72.7%), aac(6’)-Ib-cr (9.1%), aac(6’)-laa
(100%), aadA1 (13.2%), aadA2 (8.8%), tetB (74.3%), tetA (25.7%), tetM (2.9%), tetD (28.6%), mcr-9 (1.5%).
Conclusion. All the bacterial isolates were phenotypically susceptible to first-line antibiotics used in treatment of
salmonellosis: fluoroquinolones and third-generation cephalosporins. The whole-genome sequencing of multidrug-
resistant Salmonella isolates (19.0%) detected resistance genes for 9 groups of antibiotics: aminoglycosides
(100%), beta-lactams (57.4%), fluoroquinolones (16.2%), tetracyclines (51.5%), macrolides (1.5%), phenicols
(30.4%), trimethoprim (13.0%), sulfonamides (47.8%) and colistin (1.4%). Thus, epidemiological surveillance
of the Salmonella spread through the food chain is of critical importance for the monitoring of antimicrobial
resistance among foodborne Salmonella.

Keywords: Salmonella enterica, antibiotic resistance, whole-genome sequencing, fluoroquinolones, salmonellosis

Funding source. The study was carried out as part of the implementation of the orders of Goverment of the Russian
Federation No. 185-p of February 3, 2017 and No. 3116-p of December 21, 2019.

Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication of this
article.

For citation: Kulikova N.G., Chernyshkov A.V., Mikhaylova Yu.V., Zenkovich A.L., Dovnar D.A., Mareyko A.M., Bityu-
mina L.A., Shelenkov A.A., Egorova A.E., Saenko S.S., Manzeniuk |.N. Antimicrobial resistance in foodborne Salmo-
nella enterica isolates in the Republic of Belarus. Journal of microbiology, epidemiology and immunobiology = Zhurnal
mikrobiologii, épidemiologii i immunobiologii. 2023;100(2):153—-167.

DOI: https://doi.org/10.36233/0372-9311-343 EDN: https://www.elibrary.ru/mdnyzp

© Kulikova N.G., Chernyshkov A.V., Mikhaylova Y.V., Zenkovich A.L., Dovnar D.A., Mareyko A.M., Bityumina L.A., Shelenkov A.A., Egorova A.E., Saenko S.S.,
Manzeniuk I.N., 2023



154 JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023;100(2)
DOI: https://doi.org/10.36233/0372-9311-343

ORIGINAL RESEARCHES

OpvruHanbHoe nccnefosaHve
https://doi.org/10.36233/0372-9311-343

YcTOMumBOCTb K NPOTMBOMUKPOOHDBIM NpenapaTtam NuLLEBbIX
nsonaroB Salmonella enterica Ha Tepputopumn Pecny6nukmn benapycb
Kynukosa H.I[."™, YepHbiwkos A.B.', MuxaiinoBa l0.B.", 3eHbkoBuy A.J1.2,

DosHap O.A.%, Mapenko A.M.2, butiomunHa J1.A.", LLleneHkoB A.A.,
EropoBa A.E., CaeHko C.C.', MaH3eHtok U.H.

'LleHTpanbHbI HAYYHO-UCCIefoBaTENbCKUN MHCTUTYT Snugemuonorun PocnotpebHaasopa, Mocksa, Poccus;
2PecnybnmnKaHCKUIA LLEHTP rMrMeHbl, SNMAEMUOSIONMU 1 06LeCTBEHHOTO 310Pp0Bbs, MUHCK, Pecny6nvika benapycb

AHHOMauusi

BeegeHue. YCTONUMBOCTb K NPOTMBOMUKPOOHBLIM NpenapaTtam Asnsetcsa rnobansHon npobnemon 3gpaBooxpa-
HeHusi. Salmonella spp., KOTOpble MOTyT NepefaBaThbCs YENOBEKY Yepe3 KOHTaMUHUPOBAHHYHO MULLEBYIO NPOAYK-
LMo, NPU3HaHbl BaXXHbIMW NaToreHamu MULLIEBOTO NMPONCXOXKAEHMS BO BCEM MUpE.

MaTtepuanbi n metoabl. ViccnegoBaHnsa npoTMBOMUMKPOBHON pe3ncTeHTHOCTU 358 N30NATOB MUKPOOPraHM3moB
13 NULLEBBLIX NPOAYKTOB U BOAbI, U30MMPOBaHHbIX Ha Tepputopun Pecnybnuku bBenapycb B 2018-2021 rr., npo-
BOOWUMWCb MYTEM M3y4eHUs DEHOTUMUYECKUX N FTEHOTUMUYECKMX XapaKTEPUCTUK aHTUOMOTUKOPE3NCTEHTHOCTU
MMKPOOPraHM3mMoB. TakCoHOMMYEecKoe nonoxeHue baktepui 6bino naeHTudmrumposaHo metogom MALDI-TOF
Macc-CNeKTPOMeTpun. PeHOTUNMYECKYI0 YYBCTBUTENBHOCTL BaKkTEPUIN K aHTUMWKPOOHBIM Npenapatam onpeae-
NSV METOAO0M MVHUMAanbHOWM NOAaBMALLEN KOHLEHTPauuy ¢ NOMOLLIbIO aBTOMaTU3npoBaHHOro 6akrepuonoru-
Yyeckoro aHanusatopa «Sensititre» 1 gnMCko-AMdPPY3MOHHEIM METOAOM K 45 NPpOTMBOMMKPOGHBLIM MpenapaTam.
[eHbl YCTOMYMBOCTU K NPOTUBOMMKPOOHLIM NpenapaTtam y MynbTUPE3UCTEHTHbIX M30MATOB carlbbMOHENN onpeae-
NSANY C MOMOLLBIO MONTHOTEHOMHOIO CEKBEHUPOBAHWS.

PesynbraTtbl. AHann3 eHOTUNUYECKONn YyBCTBUTENLHOCTN BakTepuin in vitro nokasan BbICOKYI YyBCTBUTENb-
HOCTb K cpTopxuHonoHam (97,2%), uecdpanocnopuHam 3-ro nokoneHus (93,9%), kapbaneHemam (98,0%), amnu-
uunnuny (81,8%), amuHornukosmaam (97,5%), Tetpaunknunam (87,5%), xnopamdpenukony (93,8%), TpumeTo-
npum/cynsdamerokcasony (ko-Tpumokcasony) (95,3%) n konuctuHy (85,2%). MokasaHo, 4TO MexaHu3Mm pesu-
CTEHTHOCTU K aHTMbunoTnkam y S. enterica Obin accoummpoBaH ¢ Hanu4nem reHoB blaTEM-1B (82%), blaTEM-1C
(7,7%), blaSHV-12 (2,6%), blaDHA-1 (2,6%), blaCMY-2 (7,7%), qnrB2 (9,1%), qnrB4 (9,1%), qnrB5 (9,1%),
qnrB19 (72,7%), aac(6’)-Ib-cr (9,1%), aac(6’)-laa (100%), aadA1 (13,2%), aadA2 (8,8%), tetB (74,3%), tetA
(25,7%), tetM (2,9%), tetD (28,6%), mcr-9 (1,5%).

3akntoyeHune. Bce nsonsatel MUKpoOpraHnaMoB Obinu OEHOTUMNMYECKN BbICOKOYYBCTBUTENBHBI K MpenapaTtam
1-7 NUHWK B Tepanun canbMoHennésa: pTopxuHonoHam v LedanocnopuHam 3-ro nokoneHns. PedynstaTbl non-
HOrEHOMHOIO CEKBEHUPOBaHUS MYIbTUPE3UCTEHTHBIX N30NATOB canbMoHens (19,0%) BbIABMM reHbl yCTOMYNBO-
cTn K 9 rpynnam aHTMbmnoTmkoB: amuHornukoangam (100%), 6eta-nakramam (57,4%), dtopxmHonoHam (16,2%),
TeTpaumknuHam (51,5%), makponngam (1,5%), dpeHukonam (30,4%), Tpumetonpumy (13,0%), cynbcbaHunamm-
Aam (47,8%) v konuctuHy (1,4%). Takum o6pa3om, ANst KOHTPONS YCTONYMBOCTU K NPOTMBOMMKPOOHbBIM Npenapa-
Tam cpeau canbMOHEN NULLEBOIO MPOVCXOXAEHUS peLlaloLlee 3Ha4YeHne MMEET ANMAEMUOIOTMYECKUA Haa3op
3a VX pacnpocTpaHeHneM B Lienun NULLEeBbIX MPOAYKTOB.

KnioueBble cnoBa: Salmonella enterica, aHmubuomuxKope3ucmeHMHOCMb, MOTHO2EHOMHOE CEeK8eHUposaHue,
OMOPXUHOIOHBI, CarlbMOHEINNe3

UcmouHuk cpuHaHcupoeaHusi. Pabota BbIMONHEHa B pamMkax peanusauunm pacrnopsbkeHuin [MpaBuTenbctBa PO
Ne 185-p o1 03.02.2017 1 Ne 3116-p ot 21.12.2019

KoHgbniukm uHmepecoe. ABTOPbI AeKNapupyOT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBLIX KOH(PIUKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6rMkaumen HacTosILLeN cTaTby.
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Introduction

Among all foodborne pathogens, the leading role
in bacterial invasion into the gastrointestinal tract be-
longs to different Salmonella enterica serovars [1]. Sal-
monella invasion in humans poses a great threat due
to the ability of Salmonella to cause persistent infec-
tion and complications [2]. Having high environmental
plasticity, S. enterica species can easily find ecological
niches, adapt to different conditions, and remain viable
in dry and frozen food products [1, 2]; they can also
adapt to mass drug administration of antibiotics in pub-
lic health and agriculture, thus contributing to increas-
ing resistance to antimicrobial agents.

Drug resistance mechanisms of bacteria depend
on different enzyme-mediated factors [3]. Considering
that Salmonella spp. can act as a vector of transfer of
resistance genes to other microorganisms, the studies
of phenotypic and genotypic resistance profiles of Sal-
monella are highly important for monitoring of spread
of antibiotic resistance.

Materials and methods

Collection of microorganisms

The study was performed using S. enterica cul-
tures (n = 358) isolated in Belarus in 2018-2021. The
isolation and primary identification of bacterial isolates
were performed at the Republican Center of Hygiene,
Epidemiology and Public Health (Minsk).

The sources of bacterial isolates were poultry
(n = 113), meat (n = 52), fish (n = 1), dairy (n = 2),
confectionery (n = 3), precooked and processed (n =
158) products, wastewater and washings collected from
work surfaces (n = 29). The final species-level identifi-
cation of bacterial isolates and assessment of their anti-
microbial susceptibility were performed at the Rospo-
trebnadzor Reference Center for Monitoring the Resi-
dual Amount of Antibiotics and Antibiotic Resistance
of Bacteria in Food Raw Materials and Food Products
at the Rospotrebnadzor Central Research Institute of
Epidemiology (Moscow).

Species-level identification and storage
of bacterial isolates

All the studied bacterial isolates were identi-
fied to the genus level using matrix-assisted laser de-
sorption ionization-time of flight mass spectrometry
(MALDI-TOF MS), the Microflex LT system and the
MALDI Biotyper Compass v.4.1.80 software (Bruker
Daltonics). The recommended score of > 2.0 was used
as a criterion for accurate species-level identification
with MALDI-TOF mass-spectrometry. Serotyping of
Salmonella was performed using the Salmonella sera
agglutination test (PETSAL) in accordance with the
Kauffmann—White classification scheme. Bacterial iso-
lates were stored at —70°C in Mueller—Hinton agar with
10% glycerol [4].

Assessment of susceptibility to antimicrobial agents

Antimicrobial susceptibility profiles of foodborne
bacterial isolates obtained in 2018-2019 were evaluat-
ed using the disk diffusion method and the following
antibiotics: ampicillin, cefotaxime, ceftazidime, mero-
penem, ciprofloxacin, levofloxacin, amikacin, genta-
micin, chloramphenicol and co-trimoxazole. Clinical
categories of antimicrobial susceptibility of bacterial
isolates were identified with reference to the break-
points for the minimum inhibitory concentration in ac-
cordance with the EUCAST guidelines (versions 8.0,
2018 and 9.0, 2019, respectively).

The antimicrobial susceptibility profiling of food-
borne bacterial isolates collected in 2020-2021 was
performed by microdilution in the Mueller—Hinton
agar and measuring the minimum inhibitory concentra-
tion using a Sensititre semi-automated analyzer (TREK
Diagnostics Systems). Bacterial inoculation was per-
formed using 96-well RUGNF and GN4F microplates
for gram-negative bacterial isolates. The test results for
antimicrobial susceptibility of bacterial isolates from
raw foods and food products were analyzed using the
SWIN software in accordance with the CLSI interpre-
tation guidelines (30™ edition, 2020) and/or EUCAST
(versions 10.0, 2020 and 11.0, 2021, respectively).
E. coli ATCC25922 and E. coli ATCC35218 cultures
were used for susceptibility assessment quality control.

Detection of genetic resistance determinants

The determinants of genetic resistance in multi-
drug-resistant Salmonella isolates were detected using
whole-genome sequencing. The RIBO-prep reagent kit
(Central Research Institute of Epidemiology) was used
for DNA extraction. Samples for DNA sequencing were
prepared using the [llumina Nextera DNA Library Prep
Kit and Illumina Nextera Index Kit. The sequencing was
performed with the [llumina HiSeq1500 system (Illumi-
na), including Illumina HiSeq PE Rapid Cluster Kit v2
and [llumina HiSeq Rapid SBS Kit v2 reagent kits.

Bioinformatic analysis

Genome assemblies from short reads were ob-
tained using SPAdes v. 3.12 [5] with default parame-
ters. The assembly quality assessment, completeness
evaluation and initial annotation were performed using
the software that was described earlier [6]. The Res-
finder 4.0 database [7], including default parameters,
was used for in silico identification of antibiotic-resis-
tance genes; typing of bacterial isolates was performed
using the multilocus sequence typing (MLST) scheme
and Pasteur MLST website!, as of 20/10/2021).

Statistical analysis of the results

Standard methods of descriptive statistics and Mi-
crosoft Office Excel 2010 were used for the statistical

! URL.: https://bigsdb.pasteur.fr/
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analysis of the study results. The statistical significance
of differences in percentages of resistant cultures was
assessed using Student's t-test and the threshold value
a <0.05.

Results

A total of 358 S. enterica isolates from raw foods
and food products in Belarus were studied in 2018—
2021. Most of the cultures were delivered for further
studies to the Rospotrebnadzor Reference Center in
2018 (n = 121; 33.8 = 0.29%); the smallest percent-
age of cultures were delivered in 2021 (n = 43; 12.0 =
0.14%). In 2019 and 2020, the Reference Center re-
ceived 104 (29.1 £ 0.27%) and 90 (25.1 + 0.24%) bac-
terial isolates, respectively.

Most of the cultures were isolated from meat
products (n = 52), poultry products (n = 113) and
precooked products from processed pork and poultry
(n = 158) (Table 1). The smallest number of Salmo-
nella was isolated from confectionary, dairy and fish
products. In addition to food products, Salmonella bac-
teria were isolated from drinking water, wastewater and
washings collected from work surfaces, which were
classified as other products (n = 29).

A total of 28 serotypes of S. enterica were iden-
tified during the studies. Serotype Enteritidis iso-
lates accounted for the highest percentage (n = 182;
50.80 + 0.20%): In 2018, they accounted for 57.10 +
0.27% (n = 68), in 2019 — 41.30 + 0.22% (n = 43), in
2020—58.9+0.27% (n=153),in 2021 —41.90£0.12%
(n = 18) (Fig. 1). From 3.30 £ 0.12% (r = 3) in 2020
to 14.30 = 0.56% (n = 17) of Salmonella bacteria in
2018 belonged to serotype Typhimurium (n = 61;
17.00 £ 0.15%). All the other serotypes were repre-
sented by the smallest percentage (from 0.30 = 0.01%
to 2.50 + 0.06%), and therefore were assigned to the
group of "other", which included from 13.40 + 0.16%
to 29.80 £ 0.25% of cultures. The cultures in this group
belonged to serotypes Agona, Blegdam, Branden-
burg, Bredeney, Chester, Derby, Dublin, Essen, Fyris,
Give, Goettingen, Goma, Infantis, Jerusalem, Kapem-
ba, Kottbus, London, Mbandaka, Munchen, Panama,
Saintpaul, Sandiego, Tsevie, Virchow.

Table 1. Salmonella content level in food products

Source Nlumber of _Number of

isolates isolates, %

Cookery food 158 441+ 0,28

Poultry 113 31,6 +0,24

Meat 52 14,5+0,14

Confectionery 0,8 +0,06

Dairy 2 0,6 £0,05

Seafood 1 0,3+0,04
Others 29 8,1+0,1
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Fig. 1. Prevalence of foodborne S. enterica serotypes
isolated in Belarus.

During the studies in 2018-2021, the analyzed da-
ta on phenotypic susceptibility of Salmonella isolates
to 45 antibacterial agents showed high susceptibility of
bacteria to these agents (76.90 £ 0.06%). Multidrug re-
sistance (MDR) was found in 19.00 £ 0.05% (n = 68)
of cultures.

The main medications for treatment of severe sal-
monellosis are fluoroquinolone antibiotics that have no
cross-resistance with other classes of antibiotics due
to their antimicrobial activity induced by inhibition
of DNA gyrase or topoisomerase IV [8]. The analysis
of phenotypic susceptibility of Salmonella bacteria
isolated from food products and raw foods in Bela-
rus demonstrated high susceptibility of bacteria to this
group of antibiotics (from 88.40 + 0.31% to 100%).
However, the period of 2020-2021 demonstrated a ten-
dency towards a gradual annual increase in the percent-
age of resistant S. enterica isolates: from 0% in 2018
and 2019 t0 5.6 + 0.1% and 11.60 £ 0.31% in 2020 and
2021, respectively (Fig. 2).

The analysis of phenotypic susceptibility of Sal-
monella showed the tendency towards decreasing ac-
tivity of third-generation cephalosporins, though the
percentage of phenotypically susceptible cultures re-
mained high: from 100% in 2018 to 83.70 = 0.14% in
2021 (Fig. 3). At the same time, the annual increase in
phenotypically resistant Salmonella cultures was ob-
served throughout the period of studies.

During the period of studies, S. enterica isolates
were phenotypically highly susceptible to such reserve
antibiotics for salmonellosis treatment as ampicillin
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Fig. 2. Profile of phenotypic susceptibility S. enterica isolates
to fluoroquinolones.

and carbapenems — imipenem and meropenem. Re-
garding ampicillin, there was a general trend towards a
gradual increase in the percentage of resistant cultures
from 14.9 + 0.1% in 2018 to 23.30 + 0.55% in 2021;
as for carbapenems, the percentage of resistant cultures
increased to 5.60 £ 0.11% in 2020 compared to 2018
and 2019; then, it slightly decreased to 4.70 £ 0.14%
in 2021.

Antibiotics from the group of aminoglycosides are
of primary clinical significance in treatment of noso-
comial infections caused by aerobic gram-negative
bacteria. The studies of phenotypic aminoglycoside
susceptibility of S. enterica cultures isolated from food
products in Belarus demonstrated high phenotypic sus-
ceptibility to aminoglycosides during the entire period
of monitoring: from 95.30 = 0.06% to 100.0%. How-
ever, in 2020-2021, the percentage of resistant cultures
increased gradually to 3.30 + 0.07% and 4.70 + 0.15%,
respectively (Fig. 4).

In 2020 and 2021, the isolated Salmonella cultures
were assessed for their susceptibility to colistin and
tetracyclines as reserve antibiotics against multidrug
resistant microorganisms. Colistin remains a drug of

%
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Fig. 3. Profile of phenotypic susceptibility of S. enterica
isolates to third-generation cephalosporins.

last resort, being used for treatment of life-threatening
infections caused by carbapenem-resistant enterobacte-
ria. Some countries and regions have already reported
the existence of colistin-resistant bacteria causing infec-
tions, against which there are no effective antibiotics [9].
Our study revealed an upward trend in phenotypical-
ly colistin-resistant bacterial isolates, the percentage of
which increased 2.3 times (from 10.10 + 0.18% in 2020
to 23.30 £ 0.58% in 2021), and in tetracycline-resistant
isolates, the percentage of which increased 7.2 times
(from 3.9 + 0.1% in 2020 to 27.90+ 0.65% in 2021;
Fig. 5). Broad-spectrum reserve antibiotics are repre-
sented by co-trimoxazole and chloramphenicol, which
were characterized by a low percentage of resistant
cultures throughout the monitoring period: from 4.8 +
0.1 t0 6.70 = 0.13% and 3.80 + 0.07% to 7.4 + 0.12%,
respectively.

The severity of Salmonella infection depends on
multiple factors, including the presence of antimicro-
bial resistance determinants in bacteria [10]. In 2018—
2021, in Belarus, a total of 68 (19.0 + 0.2%) multi-
drug-resistant Sa/monella isolates were identified and
were further studied for genetic markers of resistance.
The main mechanism of resistance to beta-lactam an-
tibiotics in Sal/monella spp. involves acquisition of bla
genes, which encode enzymes capable of inactivating
antibiotics [11]. Although the percentage of cultures
phenotypically resistant to beta-lactam antibiotics was
small, the genotypic profile of resistance of bacterial
isolates showed a high percentage of producers of Class
A and C beta-lactamases (n = 39; 57.4 £ 0.2%). Most
of the bacterial isolates contained extended spectrum
beta-lactamases (ESBLs) blaTEM-1B (n = 32; 82.10 £
0.16%), blaTEM-1C (n=3;7.70 £ 0.26%), blaSHV-12
(n=1;2.60+0.11%), blaDHA-1 (n=1;2.60 + 0.11%);
in addition, isolates of serotype Enteriditis were detect-
ed, which contained cephalosporinases blaCMY-2 (n =
3;7.70 £ 0.26%; Table 2).

The analysis of the genotypic susceptibility pro-
file of MDR Salmonella revealed the presence of flu-
oroquinolone resistance determinants in 11 isolates

%
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Fig. 4. Profile of phenotypic susceptibility of S. enterica
isolates to aminoglycoside antibiotics.
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Fig. 5. Changes in the percentage of S. enterica cultures
phenotypically resistant to colistin and tetracycline
in 2020-2021

(16.20 = 0.33%), which were encoded by gnrB2 (n =
1; 9.10 + 0.69%), gnrB4 (n = 1; 9.10 £ 0.69%), gnrBS5
(n=1;9.10 £ 0.69%), gnrB19 (n = 8; 72.70 + 0.12%)
genes and aminoglycoside acetyltransferase enzyme
aac(6’)-1b-cr (n = 1; 9.10 + 0.69%), causing simulta-
neous inactivation of fluoroquinolones and aminogly-
cosides (Table 3).

Despite the high percentage of cultures phenotyp-
ically susceptible to aminoglycosides, the whole-ge-
nome sequencing showed that resistance determinants
for this group of agents were present in all the studied
MDR-cultures, including Salmonella, which demon-
strated phenotypic susceptibility to aminoglycosides
(n=161;89.70 + 0.08%). The dominant resistance gene
detected in all the bacterial isolates was aac(6’)-laa
(n=68; 100%). The main genetic markers of resistance
to aminoglycosides, which were identified in our stu-
dies, were aadAl genes (n = 9; 13.20 £ 0.28%) and
aadA?2 genes (n=6; 8.8 £ 0.2%)).

Mobilized colistin resistance (mcr) genes were
found only in one MDR-culture — Crie F1151, which
was phenotypically susceptible to colistin. No mcr
genes were detected in cultures phenotypically resis-
tant to colistin. Genetic determinants of tetracycline
resistance were detected in 51.5 = 0.2% (n = 35) of Sal-
monella bacteria (Table 4). The resistance mechanisms
involved genes encoding efflux pumps of the cyto-
plasmic membrane: tetB (n = 26; 74.30 = 0.65%), tetA
(n=29;25.70 £ 0.67%), tetD (n = 10; 28.60 + 0.71%);
the studied cultures also had the tetracycline resistance
gene tetM (n = 1; 2.90 + 0.15%) protecting the target
from tetracycline action.

The analysis of the results of our genotypic studies
of MDR Salmonella cultures showed that 29.4 + 0.51%
(n = 20) of them had plasmid-mediated efflux pumps

ORIGINAL RESEARCHES

genes cmlAl (n = 4; 20.00 + 0.83%) and floR (n = 11;
55.00 £ 1.13%) responsible for resistance to phenicols
as well as genes encoding chloramphenicol acetyl-
transferase enzyme — catA1 (n =5;25.00 + 0.92%) and
catA2 (n=1; 5.00 = 0.25%; Table 5).

Co-trimoxazole resistance determinants were de-
tected in 50.0 = 0.2% (n» = 34) of MDR cultures with
the genotypic profile of resistance being represented
by dihydrofolate reductase genes dfirAl (n = 2.00 £
0.18; 5.9%), dfrA8 (n=2.00 + 0.18; 5.9%), dfrA12 (n =
3.00 = 0.27; 8.8%) and dfrdA14 (n = 2.00 + 0.18; 5.9%)
and by genes (rn = 33; 48.50 £ 0.59%) expressing dihy-
dropteroate synthases resistant to sulfonamides — su//
(n=6; 18.2 £ 0.59%), sul2 (n =23; 69.7 + 0.74%) and
sul3 (n=4;12.1 £ 0.36%; Table 6).

Note that despite the presence of antibiotic resis-
tance determinants, 10 cultures were susceptible to all
the studied antibiotics — Crie F146, Crie F149, Crie
F158, Crie F159, Crie F162, Crie F163, Crie F164,
Crie F165, Crie F167 and Crie F168. In addition, in
our study, we did not detect carbapenemases of class A
(KPC) and class B (GIM, VIM, IMP, NDM, SPM and
FOX).

Almost all Salmonella cultures producing ESBLs
or AmpC (n = 20; 51.30 + 0.27%) were characterized
by complete phenotypic susceptibility to other, non-be-
ta-lactam antibiotics, including fluoroquinolones;
46.20 £ 0.27% (n = 18) of bacterial isolates were resis-
tant to 1-2 non-lactam antibiotics.

The in silico multilocus sequence typing analysis
revealed 10 different sequence types of MDR S. ente-
rica isolates: serovar Enteritidis ST11 (n = 31; 47.0 £
0.57%), serovar Typhimurium ST34 and ST19 (n = 21;
33.30 £0.51% and n = 3; 4.50 + 0.10%, respectively),
serovar Infantis ST32 (n = 4; 6.10 £ 0.13%), serovar
Mendoza ST490 (n = 3; 4.50 = 0.10%), serovar Bre-
deney ST897 (n = 1; 1.50 £ 0.03%), serovar Virchow
ST8662 (n=1;1.50 £ 0.03%), serovar London ST1992
(n = 1; 1.00 £ 0.03%), serovar Stanleyville ST1986
(n=1;1.00 £ 0.03%). The new sequence type, ST9644,
was identified in Crie F46 and Crie F158 Salmonella
cultures. Dominant sequence types ST11, ST34, ST32,
ST490 and ST19 were associated with multidrug re-
sistance of the cultures that contained resistance deter-
minants to 7 classes of antibiotics (Tables 2—6), while
sequence types ST897, ST1992 and ST1986 contained
genes responsible for resistance only to aminoglyco-
sides.

The Crie F1151 culture was isolated from pro-
cessed and precooked food products; it taxonomically
belonged to Salmonella enterica serotype Typhimuri-
um. The culture was characterized by phenotypic mul-
tidrug resistance to penicillins, cephalosporins, aztre-
onam, fluoroquinolones, aminoglycosides, trimetho-
prim/sulfamethoxazole and tetracyclines encoded by
the respective resistance determinants: aac(6')-Ilc,
aac(6')-laa, aadAl, aph(3')-la, blaDHA-1, blaSHV-12,
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Table 2. Genotypic profile of beta-lactam antibiotic resistance of S. enterica isolates

Resistance genes
Year Isolate Serotype MLST
blaTEM-1B | blaTEM-1C | blaCMY-2 | blaDHA-1 | blaSHV-12

2018 Crie F21 Enteritidis ST + - - - -
2018 Crie F28 Tythimurium ST34 + - - - -
2018 Crie F47 Enteritidis ST11 - + - - -
2018 Crie F34 Mendoza ST490 + - - - -
2018 Crie F50 Tythimurium ST34 + - - - -
2018 Crie F40 Tythimurium ST34 + - - - -
2018 Crie F51 Enteritidis ST11 - + - - -
2018 Crie F297 Enteritidis ST11 + - - - -
2018 Crie F46 Tythimurium ST9644 + - - - -
2018 Crie F36 Tythimurium ST34 + - - - -
2018 Crie F37 Tythimurium ST34 + - - - -
2018 Crie F303 Enteritidis ST11 + - - - -
2019 Crie F146 Enteritidis ST + - - - -
2019 Crie F296 Tythimurium ST19 + - - - -
2019 Crie F149 Tythimurium ST34 + - - - -
2019 Crie F158 Brandenburg ST9644 + - - - -
2019 Crie F298 Mendoza ST490 + - - - -
2019 Crie F159 Enteritidis ST - + - - -
2019 Crie F162 Enteritidis ST11 + - - - -
2019 Crie F163 Enteritidis ST11 + - - - -
2019 Crie F164 Tythimurium ST34 + - - - -
2019 Crie F165 Tythimurium ST34 + - - - -
2019 Crie F167 Tythimurium ST34 + - - - -
2019 Crie F168 Tythimurium ST34 + - - - -
2019 Crie F302 Enteritidis ST - - + - -
2019 Crie F353 Tythimurium ST34 + - - - -
2020 Crie F919 Tythimurium ST34 + - - - -
2020 Crie F920 Tythimurium ST34 + - - - -
2020 Crie F923 Enteritidis ST - - + - -
2020 Crie F926 Enteritidis ST - - + - -
2021 Crie F1149 Tythimurium ST34 + - - - -
2021 Crie F1151 Tythimurium ST34 - - - + +
2021 Crie F1153 Tythimurium ST34 + - - - -
2021 Crie F1154 Tythimurium ST34 + - - - -
2021 Crie F1155 Tythimurium ST34 + - - - -
2021 Crie F1156 Tythimurium ST34 + - - - -
2021 Crie F1157 Tythimurium ST34 + - - - -
2021 Crie F1159 Tythimurium ST34 + - - - -
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Table 3. Genotypic profile of resistance of S. enterica to fluoroquinolones

ORIGINAL RESEARCHES

Resistance genes

Year Isolate Serotype MLST
qnrB2 qnrB4 qnrB5 qnrB19 aac(6')-b-cr

2018 Crie F46 Tythimurium ST9644 - - - + —
2019 Crie F298 Mendoza ST490 + - - - -
2019 Crie F353 Tythimurium ST34 - - - + -
2020 Crie F920 Tythimurium ST34 - - - + -
2020 Crie F921 Infantis ST32 - - - + -
2020 Crie F922 Enteritidis ST - - - + -
2020 Crie F925 Enteritidis ST - - - + -
2020 Crie F926 Enteritidis ST - - - + -
2021 Crie F1149 Tythimurium ST34 - - + - —
2021 Crie F1151 Tythimurium ST34 - + - - +
2021 Crie F1159 Tythimurium ST34 - - - + -

Table 4. Genotypic profile of S. enterica resistance

to chloramphenicol

Resistance genes

Year Isolate Serotype MLST
cmlA1 floR catA1 catA2

2018 Crie F21 Enteritidis ST + - - -
2018 Crie F28 Tythimurium ST34 - + - -
2018 Crie F29 Enteritidis ST - - + -
2018 Crie F40 Tythimurium ST34 - + -
2018 Crie F299 Enteritidis ST - - + -
2018 Crie F36 Tythimurium ST34 - + - -
2018 Crie F37 Tythimurium ST34 - + - -
2018 Crie F303 Enteritidis ST + - - -
2019 Crie F146 Enteritidis ST + - - -
2019 Crie F149 Tythimurium ST34 - + - -
2019 Crie F298 Mendoza ST490 - + - -
2019 Crie F352 Enteritidis ST - - + -
2019 Crie F164 Tythimurium ST34 - + - -
2019 Crie F165 Tythimurium ST34 - + - -
2019 Crie F168 Tythimurium ST34 - + - -
2019 Crie F170 Enteritidis ST - - + -
2019 Crie F171 Tythimurium ST34 - - + -
2020 Crie F919 Tythimurium ST34 + + - -
2020 Crie F920 Tythimurium ST34 - + - -
2021 Crie F1151 Tythimurium ST34 - - - +
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Table 5. Genotypic profile of S. enterica resistance to tetracyclines

Resistance genes

Year Isolate Serotype MLST
tetB tetA tetM tetD

2018 Crie F28 Tythimurium ST34 + - - -
2018 Crie F29 Enteritidis ST11 - + - -
2018 Crie F34 Mendoza ST490 + - - -
2018 Crie F50 Tythimurium ST34 + - - -
2018 Crie F40 Tythimurium ST34 + - - -
2019 Crie F296 Tythimurium ST19 - + - -
2019 Crie F147 Infantis ST32 - + - -
2019 Crie F149 Tythimurium ST34 + - - -
2019 Crie F158 Brandenburg ST9644 + - - -
2019 Crie F298 Mendoza ST490 + - - -
2019 Crie F352 Enteritidis ST - + - -
2019 Crie F164 Tythimurium ST34 + - - -
2019 Crie F165 Tythimurium ST34 + - - -
2019 Crie F167 Tythimurium ST34 + - - -
2019 Crie F168 Tythimurium ST34 + - - -
2019 Crie F170 Enteritidis ST - + - -
2019 Crie F171 Enteritidis ST - + - -
2019 Crie F353 Tythimurium ST34 + - - -
2018 Crie F46 Tythimurium ST9644 + - - -
2018 Crie F299 Enteritidis ST11 - + - -
2018 Crie F36 Tythimurium ST34 + - - -
2018 Crie F37 Tythimurium ST34 + - - -
2020 Crie F919 Tythimurium ST34 + - + -
2020 Crie F920 Tythimurium ST34 + - - -
2020 Crie F921 Infantis ST32 - + - -
2021 Crie F1148 Virchow ST8662 - + - -
2021 Crie F1149 Tythimurium ST34 + - - -
2021 Crie F1150 Tythimurium ST34 + - - -
2021 Crie F1151 Tythimurium ST34 + - - +
2021 Crie F1153 Tythimurium ST34 + - - -
2021 Crie F1154 Tythimurium ST34 + - - -
2021 Crie F1155 Tythimurium ST34 + - - -
2021 Crie F1156 Tythimurium ST34 + - - -
2021 Crie F1157 Tythimurium ST34 + - - -
2021 Crie F1159 Tythimurium ST34 + - - -
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Table 6. Genotypic profile of S. enterica resistance to co-trimoxazole

Resistance genes

Year Isolate Serotype ST
sul3 | sul2 | sult | dfrA12 | dfrA8 | dfrA14 | dfrA1

2018 Crie F21 Enteritidis ST + - - - - - -
2018 Crie F28 Tythimurium ST34 - + - - — - —
2018 Crie F34 Mendoza ST490 - - + + - - -
2018 Crie F50 Tythimurium ST34 - + - - — - _
2018 Crie F40 Tythimurium ST34 - + - - - - _
2018 Crie F46 Tythimurium ST9644 - + - - - - -
2018 Crie F36 Tythimurium ST34 - + - - — - —
2018 Crie F37 Tythimurium ST34 - + - - - - _
2018 Crie F303 Enteritidis ST11 + - - - + - -
2019 Crie F146 Enteritidis ST1 + - - - — - —
2019 Crie F296 Tythimurium ST19 + - - - - - -
2019 Crie F147 Infantis ST32 - - + - - - _
2019 Crie F149 Tythimurium ST34 - + - - - - -
2019 Crie F158 Brandenburg ST9644 - + - - - - -
2019 Crie F298 Mendoza ST490 - - + + - _ -
2019 Crie F164 Tythimurium ST34 - + - - — - —
2019 Crie F165 Tythimurium ST34 - + - - - - —
2019 Crie F166 Enteritidis ST1 - - - - + - -
2019 Crie F167 Tythimurium ST34 - + - - - - -
2019 Crie F168 Tythimurium ST34 - + - - — - _
2019 Crie F353 Tythimurium ST34 - + - - - - _
2020 Crie F919 Tythimurium ST34 - + - + - - -
2020 Crie F920 Tythimurium ST34 — + - — — + —
2020 Crie F921 Infantis ST32 - - + - - + -
2021 Crie F1148 Virchow 8662 - - + - - - +
2021 Crie F1149 Tythimurium ST34 - + - - - - -
2021 Crie F1150 Tythimurium ST34 - + - - - - -
2021 Crie F1151 Tythimurium ST34 - - + - - — +
2021 Crie F1153 Tythimurium ST34 - + - - - - -
2021 Crie F1154 Tythimurium ST34 - + - - - - -
2021 Crie F1155 Tythimurium ST34 - + - - — - —
2021 Crie F1156 Tythimurium ST34 - + - - - - -
2021 Crie F1157 Tythimurium ST34 - + - - — - —
2021 Crie F1159 Tythimurium ST34 - + - - - - -

blaTEM-1B, aac(6')-1b-cr, catA2, gnrB4, sull, dfrAl
and tetB, tetD, respectively. The genotypic resistance
profile of S. typhimurium Crie F1151 culture also in-
cluded determinants responsible for resistance to ered
macrolides. This Salmonella isolate was the only one
that had the mcr-9 determinant, despite the phenotypic
susceptibility to colistin, as well as the aac(6')-1b-cr de-

terminant responsible for concurrent resistance to fluo-
roquinolones and aminoglycosides.

Discussion

Salmonellosis is a frequent gastrointestinal infec-
tion in humans and a major cause of foodborne disease
outbreaks worldwide. In 2019, 87,923 confirmed cases
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of salmonellosis were reported in the European Union
(EU); 57,702 cases were reported in 2020, being the
lowest number reported since 2007 due to the exit of
the United Kingdom from EU and the COVID-19 pan-
demic [9].

We studied Salmonella enterica cultures isolated
from different food products in Belarus in 2018-2021
for the further assessment of their susceptibility to an-
tibiotics. Our findings showed that pork and poultry
products, including processed products, were the most
frequent sources of Salmonella. Speaking about poul-
try products, we should note that the prevalence of re-
sistant Salmonella increased significantly during the
period of studies — from 19.8% in 2018 to 65.1% in
2021. The prevalence of Salmonella primarily in pork,
chicken and turkey products was comparable with the
rates reported by the United States, Egypt and Colum-
bia [12—14]. Throughout the period of studies, the pre-
vailing serotypes were Enteritidis (50.8%) and Typhi-
murium (9.0%). The dominance of these serotypes in
meat products was also reported by researchers from
India and Saudi Arabia, where serotypes Enteritidis and
Typhimurium accounted for more than 95% of isolates
[3, 11]. According to the European Union One Health
Zoonoses Report (2020), serotype FEnteritidis also
dominated in the European Region [15].

The analysis of phenotypic resistance of cultures
isolated in Belarus revealed high susceptibility to an-
tibiotics of the fluoroquinolone group, ranging from
88.4% to 100%. During the monitoring period, the in-
crease in resistant cultures reached 11.6%. In the Uni-
ted States, during 20182021, the Centers for Disease
Control and Prevention? reported an 8.5% increase in
Salmonella resistance to ciprofloxacin. High activity of
fluoroquinolones was also found for Salmonella isola-
ted from pork in Thailand: 76% of the studied cultures
were susceptible. S. enteritidis, the most common type
of Salmonella in humans, demonstrated the tendency to
increased resistance to antibiotics of the fluoroquino-
lone group. According to the data from the European
Centre for Disease Prevention and Control, in animals
the resistance of S. enteritidis to these antibiotics ranged
from moderate to high [16].

The phenotypic resistance of Salmonella isolated
in Belarus to third-generation cephalosporins was not
high, reaching 16.3%. During 2018-2021, the percent-
age of cultures resistant third-generation cephalospo-
rins increased 5.6 times: from 2.9% in 2019 to 16.3%
in 2021. According to the data from the Centers for Dis-
ease Control and Prevention, in the United States? the
percentage of cultures resistant to cephalosporins in the
specified period was not large: 2.3% in 2018, 1.7% in
2019 and it remained stable at the level of 2% in 2020

2 NARMS Now: Human Data.
URL: https://wwwn.cdc.gov/narmsnow/
3 Ibid.

and 2021. The report published by the European Centre
for Disease Prevention and Control and the European
Food Safety Authority states that in 2019, the percent-
age of cefotaxime-resistant and ceftazidime-resistant
cultures in the European Region remained at low le-
vels — 1.8% and 1.2%, respectively [17].

The increasing prevalence of MDR Salmonella
poses a significant threat to public health, as it leads
to longer hospital stays, longer duration of disease and
higher fatality rates compared to susceptible Salmonel-
la isolates [17, 18]. In 2021, in its report, the European
Centre for Disease Prevention and Control pointed out
that the percentage of MDR S. enterica isolates from
pork and its products increased dramatically to 56.5%
[17]. The World Health Organization estimates that of
the 100,000 cases of salmonellosis each year, a large
number are caused by MDR S. enterica [19], with the
majority acquired through the consumption of contami-
nated food of animal origin, particularly beef, pork, and
poultry products [20, 21]. Among the studied Salmonel-
la isolates from Belarus, 19% of isolates demonstrated
the MDR profile with resistance to 3 and more classes
of antimicrobial agents, thus showing the consistency
with studies by Egyptian researchers [22]. In 2008—
2017, in the United States, resistance to 3 and more
agents was detected in 28.0% of the bacteria isolated
from poultry products [23]. Chinese researchers found
that MDR was demonstrated by 95.33% of Salmonella
isolated from pork [24]; Thai researchers also reported
multidrug resistance of 23.2% of Salmonella isolated
from duck meat [25].

The in silico multilocus sequence typing analysis
of MDR Sal/monella isolated in Belarus identified 5 se-
quence types of S. enterica, which were associated with
multidrug resistance of Salmonella cultures. The dom-
inant sequence types were represented by ST11 of se-
rovar Enteritidis (47.0 £ 0.57%), ST34 (33.3 + 0.51%)
and ST19 (4.5 = 0.10%) of serovar Typhimurium. These
sequence types were also common in China and Iraq,
where ST19 prevailed among serovar Typhimurium
Salmonella [26-28]. In the European Region, ST11 was
a prevailing sequence type of serovar Enteritidis, while
in Russia, serotype Infantis ST32 was dominant [29].

The genotypic studies of cultures isolated in Be-
larus identified 5 genes responsible for resistance to
beta-lactam antibiotics: blaTEM-1B, blaTEM-1C,
blaDHA-1, blaSHV-12, as well as cephalosporinase
blaCMY-2 genes. The annual increase in the percentage
of phenotypically resistant cultures is most likely asso-
ciated with the activation of resistance genes encoding
ESBLs, as the studies showed that 56.5% of all the tes-
ted MDR isolates produced ESBLs. The blaSHV gene
was identified mainly in representatives of the family
Enterobacteriaceae, which were isolated from different
ecosystems: humans, animals, and environment [30,
31]. Likely originated from a chromosomal penicilli-
nase of Klebsiella pneumoniae, SHV beta-lactamases
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currently encompass a large number of allelic variants
including ESBLs, non-ESBLs and several non-classi-
fied variants; therefore, their significance was empha-
sized in our studies [32].

The phenotypic characteristics of most MDR cul-
tures (n = 59; 85.5%) correlated with the molecular
mechanism of resistance and resulted from the spectrum
of enzyme activity of beta-lactamases. The obtained da-
ta demonstrating the complete correlation between the
phenotypic and genotypic characteristics of cultures
from Belarus regarding their resistance to third-gen-
eration cephalosporins confirmed the diagnostic sig-
nificance of such indicator substances as ceftazidime,
ceftriaxone, cefoperazone and cefotaxime. During their
three-year monitoring of Sa/monella isolated from dif-
ferent categories of food products, the European labo-
ratories also proved the diagnostic value of ceftriaxone,
ceftazidime and cefotaxime substances for detection of
cephalosporinases [9]. A sharp increase in the percent-
age of cultures phenotypically resistant to tetracycline —
from 3.9% to 23.3%, along with a high percentage of
cultures (52.2%) containing resistance determinants, can
be indicative of excessive use of tetracycline antibiotics
in agriculture, resulting in accumulation and transfer of
antibiotic-resistance genes among pathogenic bacteria.
The presence of antibiotic-resistance determinants in
susceptible cultures as well as the presence of ere4 and
mcr-9 genes in S. typhimurium Crie F-1151 can serve as
proof of Salmonella’s ability to act as a vector for trans-
fer of antibiotic-resistance genes to other microorgan-
isms. According to the published data, mcr-9 determi-
nants, together with mcr-1 determinants, are considered
the most common in the world [33]. Based on the data
from the National Database of Antibiotic Resistant Or-
ganisms, the United States takes the lead by the number
of mcr-9-positive isolates. In Europe, Russia and Chi-
na, mcr-9 and mcr-1 determinants prevail [33].

The findings are certainly alarming, as all the
studied bacterial isolates were received from sam-

ORIGINAL RESEARCHES

ples of food products intended for human consump-
tion. Although the risk of foodborne diseases can be
reduced by heat treatment of food products, antibiot-
ic-resistance genes may persist and, when entering the
host, can be transferred to intestinal microbiocenosis,
passing the resistance to other microorganisms [34].
Thus, our findings fall in line with the latest recom-
mendations of the European Food Safety Authority
that emphasized the significance of studying phe-
notypic and genotypic characteristics of foodborne
bacterial isolates for monitoring and surveillance of
antibiotic resistance, especially, for implementing the
One Health approach that recognizes that the health of
people is closely connected with the health of animals
and the environment.

Conclusion

The irrational use of antibiotics in human and vet-
erinary medicine has greatly contributed to the emer-
gence and spread of resistant isolates of non-typhoid
Salmonella.

The findings of our studies regarding the slowly
growing phenotypic resistance to first-line antibiotics
(cephalosporins and fluoroquinolones) and the presence
of plasmid-mediated resistance determinants imply the
possibility of a seriously limited choice of effective an-
timicrobial agents in future. Therefore, monitoring of
antimicrobial resistance phenotypes and genotypes as
well as transmission routes of Salmonella enterica cul-
tures through the food chain is critically important.

The existing large diversity of resistance determi-
nants and high phenotypic susceptibility of isolates lead
to assumption that sources of bacterial isolates could be
affected by antibiotics and/or could acquire resistance
determinants from other microorganisms.

The conducted studies demonstrate the need for
the further monitoring of prevalence of antibiotic resis-
tant bacteria of food origin in Belarus, especially in the
context of the One Health approach.
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Abstract

Introduction. The incidence of healthcare-associated infections is a major public health problem worldwide,
affecting all countries regardless of their economic status. The main agents of these infections are pathogens
belonging to the ESKAPE group.

The aim of the study was to explore the structure, molecular and antigenic characteristics of the ESKAPE patho-
gens isolated from oral and anal mucosa of patients of the neonatal intensive care unit (NICU), and to assess their
etiological significance in occurrence of healthcare-associated infections.

Materials and methods. Samples from a total of 49 children were tested, including 40 newborns — patients of
NICU at the National Hospital of Pediatrics in Hanoi. Collection and processing of biomaterial (oropharyngeal
swabs, rectal swabs) and isolation of bacterial cultures were performed using conventional bacteriological meth-
ods. Mass spectrometry was used for identification of isolates. Klebsiella pneumoniae strains were analyzed
using the whole-genome sequencing method.

Results. The group of gram-positive ESKAPE pathogens identified in oral mucosa was represented by iso-
lates Enterococcus faecium and Staphylococcus aureus. The isolates of the family Enterobacteriaceae included
K. pneumoniae, Escherichia coli, Enterobacter cloacae; the group of nonfermenting gram-negative bacteria
was represented by Pseudomonas aeruginosa, Acinetobacter baumannii. The structure of ESKAPE pathogens
persistent in anal mucosa was characterized by dominance of Enterococcus spp., E. coli, K. pneumoniae and
P. aeruginosa bacteria. The whole-genome sequencing of K. pneumoniae isolates revealed 7 clusters and 8 se-
quence types. ST14 and ST1741 prevailed, accounting for 25%, respectively, of the total number of the studied
strains. The molecular serotyping showed that by the O antigen, strains belonged mainly to serotypes O1v1,
01/ 02v2, O5; by the presence of the capsular antigen — to serotypes KL2, KL104, KL60.

Conclusion. The analysis of the structure of the ESKAPE pathogens isolated from the oral and anal mucosa of
patients of NICU at the National Hospital of Pediatrics in Hanoi identified etiologically significant agents of bac-
terial infections: S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeruginosa, A. baumannii. The molecular and
genetic analysis of K. pneumoniae strains co-circulating in mucous membranes of several patients of the unit re-
vealed their homology, thus confirming healthcare-associated contamination of children with nosocomial strains.

Keywords: ESKAPE pathogens, newborns, oral and anal mucosa, Klebsiella pneumoniae, sequence types,
molecular serotyping
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Crpyktypa ESKAPE-natoreHoB, N301MPOBaHHbIX OT NaLNEeHTOB
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AHHOMAayus

BBepneHue. 3a6oneBaeMoCcTb MHPEKLUMAMU, CBA3AHHLIMU C OKa3aHUeM MEAMULIMHCKOW NMOMOLLIM, ABNSAETCA OQHOM
13 rmobarnbHbIX MUPOBLIX NPOBNemM Ha COBPEMEHHOM aTare PasBUTUS 34PaBOOXPaHEHWUS U 3aTparvBaeT Bce
CTpaHbl BHE 3aBUCUMOCTU OT UX IKOHOMUYECKOoro ctatyca. OCHOBHbIMI BO3GYAUTENSAMM 3TUX MHGEKLMIA SBNSIOT-

csa natoreHsl rpynnsl ESKAPE.

Llenb uccnenoBaHns — n3yuntb CTPYKTYPY, MOMEKYNSpHbIE U aHTUreHHble xapaktepuctukn ESKAPE-natore-
HOB, BbIAENEHHbIX CO CMM3NCTbLIX 3€Ba M aHyca NauUMEeHTOB OTAENEHWUS peaHnMauun U MHTEHCUBHOW Tepanuu
HoBOpOXaEHHBLIX (OPUTH), AN yCcTaHOBNEHUS NX 3TUONIOrMYECKOro 3Ha4YeHMs! B BOSHUKHOBEHUN UHAEKLNIA, CBS-

3aHHbIX C OKa3aHMeM MeaULMHCKON NMoMOLLM.

MaTtepuanbl u metoabl. O6cnenosaHo 49 geteir, B ToMm ymncrie 40 HOBOpOXAEHHLIX, NnauneHToB OPUTH Ha-
UMoHarnbHOro rocnutansa neguartpum r. XaHow. lNMoces 6uomateprana (MaskvM CO CNM3UCTBIX 3€Ba, peKTarbHble
Ma3Kku) 1 BblaeneHne 6aktepmanbHbIX KynbTyp OCYLLECTBASNMUCH KNAacCU4eckum 6akTepmonornyecknm MeToaom.
MpaeHTudurkauusa n3onsatos nposegeHa MeToqomM Macc-cnektpometpuu. Ltammel Klebsiella pneumoniae nayye-

Hbl METOAOM NOJIHOFrEHOMHOIo CeKBEHMPOBAHUA.

Pesynbratbl. pynna rpamnonoxutensHoix ESKAPE-natoreHoB, MAEHTUMUUMPOBAHHBLIX CO CNM3UCTON 3e-
Ba, NpefacTtasneHa mnsonatamu Enterococcus faecium v Staphylococcus aureus. Cpean u3onaToB ceMelncTsa
Enterobacteriaceae BblgeneHbl K. pneumoniae, Escherichia coli, Enterobacter cloacae; B rpynne HedepMeH-
TUPYHOLLMX rpamMoTpuuaTenbHbix baktepun — Pseudomonas aeruginosa, Acinetobacter baumannii. CTpykTypa
ESKAPE-natoreHoB, NepcucTMpyoLmnx Ha CNM3UCTON aHyca, XxapakTepu3oBanachk npeobnagaHvem Gaktepui
Enterococcus spp., E. coli, K. pneumoniae w P. aeruginosa. Pe3ynsraTbl NOMHOrEHOMHOIO CEKBEHMPOBAHUS
usonaToB K. pneumoniae BbiSiBANM 7 KNactepoB U 8 CUKBEHC-TUMNOB. [penmMyllecTBeHHO onpedeneHbl ST14
n ST1741 — no 25% COOTBETCTBEHHO OT KONMU4YecTBa MccrnegoBaHHbIX WTammoB. MonekynspHoe cepoTunu-
poBaHue yCcTaHOBMWITO, YTO No O-aHTUreHy LWTaMMbl OTHECEHbI B OCHOBHOM K cepoTtunam O1v1, O1/02v2, O5;

MO HaNM4MIO KancyrnbHOro aHTureHa — k cepotunam KL2, KL104, KL60.

3aknroueHue. ViccnenosaHue cTpykTypbl ESKAPE-naToreHoB, M30nMpoBaHHbIX CO CRIM3UCTLIX 3eBa W aHyca na-
uneHtoB OPUTH HaumoHanbsHoro rocnutans neguatpum r. XaHow, BbISBUIY 3TUOMNOrMYECKM 3Ha4YMMbIX BO3Oyau-
Tenen GakTepmanbHbiX MHEKUMI: S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeruginosa, A. baumannii.
MpoBeaeHne MonekynspHO-reHeTUYECKUX UCCNENOBaHNI WTaMMOB K. pneumoniae, UMPKYNVpPYOLLNX O4HOBPEe-
MEHHO Ha CMM3NCTbIX HECKOMNBbKMX NaLVEHTOB OTAENEHNS!, MO3BONMUIIO YCTAHOBUTB UX FOMOJIONMIO, YTO YKasbiBaeT

Ha KOHTaMUHauuko ,queVl rocnutanbHbIMK LUTAaMMaMU NP OKa3aHU Me,EWILl,VIHCKOI;I NOMOLLN.

KntoueBble cnoBa: ESKAPE-namoeeHbl, HOBOPOXOEHHbIE, criu3ucmeble 3e8a u aHyca, Klebsiella pneumoniae,

CUKBEHC-MUTIbI, MOSIEKY/ISIPHOE CepomunuposaHue

ATnyeckoe yTBepxaeHue. ViccnegosaHne BbiMONHEHO Mpy 4OBPOBONBEHOM MHOPMUPOBAHHOM COFMACUMMN 3aKOHHbIX
npeactaBuTenen HecoBepLUEHHONETHNX nauneHToB. MNpoTokon nccnefoBaHWs ofobpeH OTudeckum komuteTom Tio-
MEHCKOr0 Hay4YHO-MCCNeaoBaTenbCKOro UHCTUTYTa KpaeBow MHAEKLMOHHONM naTtonorumy» PocnoTtpebHaasopa (npoto-

kon Ne 1 ot 01.06.2022).

UcTouHuk cpuHaHCcupoBaHuA. ViccnenoBaHue BbINOMHEHO NPy noaaepxke 61oaxeTHOro MHaHCMPOBaHMS! B pamkax

HUP Ne AAAA-A20-1200109990062-4.

KOHd)ﬂUKm uHmepecos. ABTOPbI OEKNapupyT OTCYTCTBME ABHbIX U NOTEHUMaNnbHbIX KOHPIMKTOB MHTEPECOB, CBS-

3aHHbIX C Nybnukaunen HacTosILLEN CTaTbu.

© CrenaHoBa T.®., KataeBa J1.B., Mocoto3Hbix O.B., BoryH AT, KucnuukuHa A.A., Tran Thi Nhai, 2023
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Introduction

Neonatal bacterial infections are associated with
multiple risk factors. The diversity of clinical forms of
childhood infections is explained, first of all, by imma-
turity of natural barrier defenses, especially, when an-
timicrobial therapy is involved [1]. The level of infec-
tious morbidity is determined mainly by the frequency
of damage to the skin, eyes, navel and gastrointestinal
tract. Therefore, monitoring of circulating ESKAPE
pathogens is of critical importance at maternity care
centers, as the risk of bacterial diseases is increased due
to the physiological status of newborns [2, 3].

Widespread occurrence of healthcare-associated
infections (HAIs) in any healthcare facility, most par-
ticularly, in maternity and pediatric hospitals causes
significant damage to the health of newborns and gen-
eral population, economy and demographic situation in
various countries [4, 5]. Frequently, the numbers of cas-
es of neonatal hospital-acquired infections, which are
reported in Russian and foreign publications, cannot be
compared due to the absence of common approaches to
the system of recording and reporting diseases [6, 7].

The spread of multidrug-resistant nosocomial
pathogens causing infectious complications in children
raises concerns among clinicians worldwide. In recent
years, the ESKAPE group has been highlighted among
the etiologically significant bacteria, including Entero-
coccus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterobacter spp. The dominant role
among these agents of hospital-acquired infections be-
longs to the pathogens that are characterized by diver-
sity of antimicrobial resistance mechanisms. The World
Health Organization included ESKAPE pathogens in
the group of microorganisms of the highest priority for
development of new antibiotics or new treatment me-
thods [8].

The burden of hospital-acquired infections, es-
pecially among children, in low and middle-income
countries is unknown, mostly due to a lack of report-
ed data. The European multicenter study of cases with
hospital-acquired infections in pediatric hospitals
showed that their prevalence ranged from 2.5% in gen-
eral care units to 23.6% in intensive care units. High
rates of these infections were also recorded in neonatal
intensive care units, where their prevalence was 3-20
times as high in resource-limited settings compared to
high-income countries.

Vietnam is a low-income country with fast grow-
ing public and private health sectors. Because of the
low levels of the gross national income and nation-

al health expenditure per capita, personal health care
expenditures account for around 80%. Antibiotics are
widely used by the population and are most common-
ly purchased in private pharmacies and clinics. The
healthcare sector is overloaded with the relatively low
number of healthcare personnel per capita (7 doctors
per 10,000 population), shortage of inpatient beds and
hospital overcrowding reaching 170%. Vietnam has
no national system of epidemiological surveillance of
HALISs; the data on cases in intensive care units are limi-
ted. Considering high infection rates, Vietnam becomes
a "hotspot" for the emergence of antimicrobial resis-
tance with the rates among the highest in Asia [9—11].

The earlier performed studies of hospital-acquired
infections in intensive care units at 3 Vietnamese pedi-
atric hospitals showed that their prevalence was 33%
[9]. K. pneumoniae is among the leading bacteria that
cause nosocomial infections and can develop antimi-
crobial resistance [11-13]. The results of molecular and
genetic studies of strains of bacteria co-circulating in a
particular unit of a specific hospital show their high het-
erogeneity. Priority attention should be given to mea-
sures preventing the emergence of highly virulent and
resistant strains and stopping their spread [14].

The study of the diversity of ESKAPE pathogens
contaminating newborns, including premature infants
receiving treatment in neonatal intensive care units
(NICU) is a top-priority task of healthcare organiza-
tions both in Russia and other countries; its achieve-
ment will help minimize the risks associated with ad-
verse epidemiological situations.

The aim of the study was to explore the structure,
molecular and antigenic characteristics of ESKAPE
pathogens isolated from oral and anal mucous mem-
branes of NICU patients, and to assess their etiological
significance in occurrence of HAIs.

The studies were conducted in accordance with
R&D of the Tyumen Research Institute for Regional In-
fectious Diseases Pathology of Rospotrebnadzor in the
pursuance of the Action Plan for Provision of Scientific,
Methodological, Material and Technical Assistance to
the Socialist Republic of Vietnam, addressing the threat
of infectious diseases and minimization of risks asso-
ciated with health-hazardous chemical substances in
2020-2022."

Materials and methods
The study included 49 children aged 0—60 days, in-

' Executive Order No. 1536-p of the Government of the Russian
Federation, 13/7/2019.
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cluding 40 newborns (the median was 13 days; Q —Q,:
7-23), who received treatment in NICU at the National
Hospital of Pediatrics in Hanoi. Biomaterial samples
were collected simultaneously from all children, re-
gardless of their age, type of delivery, degree of pre-
maturity, birth weight, type of feeding, length of stay
in the unit, antibiotic treatment (the random sampling
method). The study was performed with the voluntary
informed consent of representatives of the patients. The
study protocol was approved by Ethics Committee of
the Tyumen Research Institute for Regional Infectious
Diseases Pathology of Rospotrebnadzor (minutes No. 1
of 01.06.2022).
The bacteriological study was performed using
98 samples of biomaterial collected from oral and anal
mucous membranes of the children; microbial growth
was recorded in 96 specimens. A total of 101 isolates
were isolated from the oral mucosa of the children, and
137 isolates were isolated from the anal mucosa. The
K. pneumoniae strains (n = 20) isolated from the above
loci were studied using whole-genome sequencing.
Microbiological studies were conducted using the
conventional bacteriological method. The species iden-
tification of bacteria was confirmed by matrix-assisted
laser desorption ionization mass spectrometry using the
Maldi BioTyper 3.0 software. The identification level
above 2.0 was indicative of a high degree of confidence.
The obtained reads for each strain were assem-
bled into contigs using the Unicycler v.0.4.7 program.
Samples with the average genome coverage above 200
indicated that the amount of data was sufficient. The re-
sults of whole-genome sequencing were analyzed using
the Kraken Metagenomics version 2 software for anal-
ysis of metagenomic samples (the classifier of reads —
short nucleotide sequences). Phylogenetic studies were
performed using the Wombac 2.0 program that made it
possible to find core single nucleotide polymorphisms
(SNPs) in nucleotide sequences and to perform align-
ment of these polymorphisms. The Kaptive web-based
tool was used for detection of O antigens and capsular
antigens of K. pneumoniae strains. Sequence types were
identified using MLST 2.0? and Lasergene software.
Microsoft Office Excel 2016 spreadsheets were
used for collecting, correcting, systematizing of the
input information and for visualization of the obtained
results. Statistical methods and the SPSS v. 22 software
were used for analysis of the received data. Nominal
data were described using absolute values and percent-
ages, including 95% confidence intervals (CI) — the
Clopper—Pearson method.

Results

The results of the bacteriological studies of the
children’s oral and anal mucosa show that the ob-

2 Multi-Locus Sequence Typing.
URL: https://cge.cbs.dtu.dk/services/MLST

tained isolates are represented by gram-positive and
gram-negative bacteria as well as by the minor quantity
of fungi of the genus Candida. The group of gram-pos-
itive bacteria (27.3% [95% CI, 21.7-33.4]) was com-
prised by bacteria of the genera Staphylococcus
(S. aureus and other species), Streptococcus (primarily
S. vestibularis, S. salivarius) and Enterococcus faeca-
lis. Gram-negative isolates are represented by Entero-
bacterales bacteria (41.6% [95% CI, 35.3-48.1]) and
nonfermenting gram-negative bacteria (22.7% [95%
CI, 17.5-28.5]). Among representatives of Enterobac-
terales, we identified bacteria of the following genera:
Escherichia, Klebsiella, Serratia, Enterobacter; the
cluster of nonfermenting gram-negative bacteria was
comprised by Acinetobacter spp., Pseudomonas spp.,
Stenotrophomonas maltophilia and Elizabethkingia
meningoseptica. The isolates from the studied loci
demonstrated the dominance of Enterobacterales bac-
teria. Fungi of the genus Candida accounted for 8.4%
[95% CI, 5.2-12.7].

The analysis of the quantity of the isolates from
the specified loci showed insignificant dominance of
Enterobacterales bacteria in anal mucosa. In the chil-
dren’s oral mucosa, nonfermenting gram-negative
bacteria were detected in 35.6% of cases [95% CI,
26.4-45.8] compared to their detection rate for anal
mucosa — 13.1% [95% CI1, 8.0-19.9] (Fig. 1). Groups
of gram-positive bacteria isolated from oral and anal
mucosa were detected almost in equal percentages.

Among the total number of identified isolates
from the specified loci, 51.7% [95% CI, 45.1-58.2] of
strains belonged to the ESKAPE group of pathogens:
S. aureus, K. pneumoniae, E. coli, E. cloacae, P. aeru-
ginosa, A. baumannii. The comparative analysis of the
structure of ESKAPE bacteria identified from the bio-
material samples collected from oral and anal mucosa
of the children is presented in Fig. 2.

The analysis of isolates of the ESKAPE group,
which were obtained from the oral mucosa, showed that
bacteria of the family Enterobacteriaceae and nonfer-
menting gram-negative bacteria prevailed in the above
locus. At the same time, S. viridans and coagulase-
negative Staphylococcus spp., which represent a res-
ident microbiota of the oral cavity, were identified in
oral mucous membranes of the examined children.

The bacteriological analysis of the samples of bi-
ological materials collected from the patients showed
that K. pneumoniae bacteria prevailed in microbiota of
the oral and rectal mucosa in 51.9% of cases. The re-
sults of whole-genome sequencing of K. pneumoniae
strains isolated from the oral mucosa (n = 9) and the
rectal mucosa (n = 11) show that the selected strains
were divided into 7 genetic clusters. Cluster I included
K. pneumoniae strains 39, 51, 57, 85 (isolated from the
oral mucosa) and strains 42, 56, 96 (from the rectal mu-
cosa). The structural analysis of core SNP genomes of
K. pneumoniae strains within cluster I showed that the
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Fig. 1. The detection frequency of isolates of the main bacteria groups in oral and anal mucosa of the children, %.

cluster is divided into two groups with genomes differ-
ing from each other by a little over 10,000 SNP. The
first group is represented by strains 39, 42, 51, 56, 57;
the second group — by strains 85, 96. The results of
pairwise comparison of contig assemblies are shown in
Table 1. The analysis of core SNPs in the first group of
strains showed that they differed not more than by 55,
thus confirming the high homology of these isolates.
Cluster II was formed by strains 91, 49 (from the
oral mucosa) and strains 92, 50, 66 (from the rectal mu-
cosa); cluster III — by strains 53 (from the oral muco-
sa) and strains 54, 68 (from the rectal mucosa). Clus-
ters IV, V, VI, and VII are represented by strains 74 and
82 — from the rectal mucosa and strains 59, 31 — from
the oral mucosa. The molecular serotyping by O and

capsular antigens showed that each cluster of K. pneu-
moniae strains could be assigned to a specific serotype
(Table 2). By the O antigen, all strains of clusters I and
VII are assigned to serotype Olvl. Strains of the second
cluster had some differences by the O antigen and were
assigned to Ol/O2v2 and Olv2, including the strain
of cluster V. Clusters III and IV were represented by
strains containing the OS5 antigen. The strain with the
O3b antigen was assigned to cluster VI.

The analysis of the capsular antigen (KL) showed
that strains of all clusters were homogenous, except for
cluster I, in which 5 K. pneumoniae strains belonged to
serotype KL2 and 2 strains belonged to KL 112.

The multilocus sequence typing revealed that
strains of a specific cluster belonged to the same se-

B | {T
) C

|

10
ol ]

Enterobacter spp. S aureys E. coli

-10

A. baumannii P. aeruginosa K. pneumoniae

© pharyngeal mucosa

® mucosa of the anus

Fig. 2. Comparative analysis of ESKAPE pathogens isolated from oral and anal mucosa of the children, %.
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Table 1. Results of comparison of contig assemblies of K. pneumoniae strains belonging to cluster |

SNP-dists 0.6.3 Strain 85 Strain 96 Strain 51 Strain 56 Strain 57 Strain 39
K. pneumoniae 96 19
K. pneumoniae 51 10987 10987
K. pneumoniae 56 10997 10993 52
K. pneumoniae 57 10980 10980 17 55
K. pneumoniae 39 10986 10984 15 55 16
K. pneumoniae 42 10986 10986 1" 51 8 10

quence type (ST), except for cluster I that included
ST14 and ST15. Regarding the homology of strains by
clusters, it was found that genotypes in all clusters were
identical by loci tonB, rpoB, phoE, pgi, mdh, gapA;
differences were recorded only in cluster I, locus infB
(Table 3).

Discussion

The examined children were patients in the in-
tensive care unit of a large specialized pediatric center
and most of them were premature infants. The degree
of prematurity of newborns depended on perinatal risk
factors: type of delivery, gestational age, birth weight,
asphyxia, respiratory distress syndrome or congenital
abnormalities. Although the above data were not pro-
vided for the analysis, they can contribute to predis-
position to contamination of children’s mucous mem-

branes with ESKAPE pathogens circulating in the unit
and to development of bacterial diseases.

The studies of oral and rectal mucous membranes
of NICU patients at the National Hospital of Pediatrics
in Hanoi demonstrated a great diversity of circulating
bacteria belonging to the ESKAPE group and being
etiologically significant agents of bacterial infections,
including HAIs. Note that K. pneumoniae and P. aeru-
ginosa isolates from rectal mucosa belong to highly
dangerous pathogens and are responsible for most of
the hospital-acquired infections in immunocompro-
mised patients [15, 16]. At the same time, Enterococcus
spp. and E. coli bacteria are important components of
gut microbiota [13, 17].

Some publications addressing cases of HAIs in
intensive care units at Vietnamese pediatric hospitals
state that K. pneumoniae bacteria are the most frequent

Table 2. Results of molecular serotyping of K. pneumoniae strains

Name of the strain KL-antigen O-antigen Cluster
K. pneumoniae 39 KL2 Olvl
K. pneumoniae 42 KL2 Olvl
K. pneumoniae 51 KL2 Olvl
K. pneumoniae 56 KL2 Olvl |
K. pneumoniae 57 KL2 Olvl
K. pneumoniae 85 KL112 Olvl
K. pneumoniae 96 KL112 Olvl
K. pneumoniae 92 KL104 0l/02v2
K. pneumoniae 50 KL104 0Ol/02v2
K. pneumoniae 66 KL104 Olv2 Il
K. pneumoniae 49 KL104 0l/02v2
K. pneumoniae 91 KL104 0l/02v2
K. pneumoniae 68 KL60 05
K. pneumoniae 54 KL60 05 ]
K. pneumoniae 53 KL60 05
K. pneumoniae 74 KL114 05 \Y,
K. pneumoniae 59 KL62 Olv2 \Y
K. pneumoniae 82 KL128 0O3b VI
K. pneumoniae 31 KL62 Olvl Vi

K. pneumoniae 95 -

Note. Strain 95 — non-serotyped by the O antigen and KL antigen.
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pathogen isolated from patients. Nosocomial strains of
these bacteria characterized by a wide range of virulence
and resistance genes prevail in hospitals in Europe, the
United States, East and Southeast Asia [18-21].

Molecular and genetic studies of the microbiome
help evaluate the pathogenic potential of microbial com-
munities living in certain niches. The polysaccharide
chain composing the structure of the outer membrane
of K. pneumoniae possesses antigenic properties and
helps divide strains into O serotypes. By the O antigen,
all strains of 7 clusters had some differences and were
assigned to serotypes O1vl, Ol/O2v2 and Olv2, O3b and
05. At the same time, 70% of the strains had antigens of
serotype O1. There are data confirming that serotypes O1,
02, O3 are the most prevalent and are detected in 80%
of cases of infections caused by K. pneumoniae bacteria
[22]. The analysis of the capsular antigen showed that
strains of all clusters were also characterized by diversi-
ty with detected serotypes KL2, KL60, KL62, KL.104,
KL112, KL114 and KL128. Serotypes KL2 and KL104
were detected in half of the strains (25% respectively).
In clinical settings, hypervirulent serotypes KL1 and
KL2 should be given close attention. They are charac-
terized by a hypermucoid phenotype and are associated
with especially severe Klebsiella infection [23].

The multilocus sequence typing demonstrated the
homology of strains by clusters; genotypes in all clus-

ORIGINAL RESEARCHES

ters were identical by loci tonB, rpoB, phoE, pgi, mdh,
gapA; differences were recorded in locus infB. It was
found that sequence types ST14, ST1741 and ST1224
prevailed. In addition, two strains were assigned to se-
quence type ST15. There is evidence suggesting prev-
alence of ST11 strains in East Asia; ST15 strains occur
more rarely, though worldwide they are reported as the
source of nosocomial outbreaks of resistant K. pneumo-
niae [12, 20]. Research publications report that epidemi-
ological conditions in pediatric hospitals are associated
with the circulation of K. pneumoniae strains belonging
to sequence types ST17, ST3181 and ST1564 [24].

Thus, the performed molecular and genetic studies
demonstrate that the nosocomial population of K. pneu-
moniae isolates was characterized by the co-circulation
of homologous strains in mucous membranes of sev-
eral patients in the unit, thus confirming that the new-
borns were contaminated with them while receiving
treatment. The analysis of species composition of cir-
culating microorganisms, whole-genome sequencing,
serotyping and multilocus sequence typing as well as
identification of genetic markers of the pathogenic po-
tential of strains are essential for effective identification
of HAI pathogens [25].

The etiological structure of infections, including
HAISs, depends on the conditions in a specific unit of a
healthcare facility. Therefore, monitoring of the circu-

Table 3. Results of multilocus sequence typing of K. pneumoniae strains

Name of the strain Sequence type Lod Cluster
tonB | rpoB | phoE | pgi | mdh | gapA | infB

K. pneumoniae 39 14 1 1 1 1 1 1 6

K. pneumoniae 42 14 1 1 1 1 1 1 6

K. pneumoniae 51 14 1 1 1 1 1 1 6

K. pneumoniae 56 14 1 1 1 1 1 1 6 |

K. pneumoniae 57 14 1 1 1 1 1 1 6

K. pneumoniae 85 15 1 1 1 1 1 1 1

K. pneumoniae 96 15 1 1 1 1 1 1 1

K. pneumoniae 92 1741 42 4 17 1 4 2 3

K. pneumoniae 50 1741 42 4 17 1 4 2 3

K. pneumoniae 66 1741 42 4 17 1 4 2 3 Il

K. pneumoniae 49 1741 42 4 17 1 4 2 3

K. pneumoniae 91 1741 42 4 17 1 4 2 3

K. pneumoniae 68 1224 169 38 142 63 26 18 67

K. pneumoniae 54 1224 169 38 142 63 26 18 67 1]

K. pneumoniae 53 1224 169 38 142 63 26 18 67

K. pneumoniae 74 3918, 1928, 4038 124 17 41 33 21 28 18 \Y,

K. pneumoniae 59 730 56 1 33 1 \

K. pneumoniae 82 16 4 4 1 1 \Y|

K. pneumoniae 31 48 10 2 2 2 5 VIl

K. pneumoniae 95 - - -
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lation of pathogens belonging to the ESKAPE group  gens, which is based on molecular and genetic studies,
is required not only when the occurrence of bacterial ~ will be instrumental in detection of HAI pathogens and
infection has been reported, but also routinely [26].  forecasting of epidemiological situations when provid-
The microbiological monitoring of ESKAPE patho-  ing care to newborns.
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PaspaboTka meTopa MoOneKynsapHOro cyotunupoBaHus
Bacillus anthracis c ncnonb3osanvnem HRM-MLP

MeukoBcknin ILA."™, Epemenko E.W.', PasaHoBa A.I.", Mucapenko C.B.', Llanakos H.A.",
AkceHoBa J1.10.', CemeHoBa O.B.’, Tumuenko J1.[1.2, KynuueHko A.H.'

'CTaBpONObCKUIA MPOTUBOUYYMHBIN UHCTUTYT PocnoTpebHaa3opa, CtaBpononb, Poccus;
2CeBepo-KaBkasckuin pepiepanbHbiin yHUBepcuteT, CtaBponosb, Poccus

AHHOMauus

BeepeHue. Bacillus anthracis — Bo3byauTens cnbrupckom 93Bbl, NATOreH, XapakTepuayoLWUNCsi BbICOKOW reHeTu-
Yecko MOHOMOPHOCTBIO, 3aTpyaHsLeln AddepeHLaumio LWTaMMOB, B CBA3M C YeM akTyarnbHa pa3paboTka
3PP EKTMBHBLIX METOLO0B MOMEKYNAPHOIO TUMUPOBaHWS.

Llenb uccnepoBaHus. Buibop MapkepHbIX OAHOHYKNeoTUAHbIX nonumopdnamos (SNP) ana TunuposaHus rexHe-
Tudeckux rpynn B. anthracis v pa3paboTka metoga nx nabopartopHoro onpeaeneHus ¢ ucnons3osaHnem HRM-
MLUP.

Martepunans! u metoabl. BoipaBHuBaHue KopoBoro reHoMa 222 witaMmoB B. anthracis n3 6a3bl gaHHbIx GenBank
1 66 WTaMMOB U3 KOMNMEKUMM NaTtoreHHbIX MukpoopraHnamoB ®KY3 «CtaBpononbCckmMin NPOTUBOYYMHbIA UHCTU-
Ty™» PocnoTtpebHaasopa npoBoAMIn € UCMONb30BaHNeM nporpammel «Parsnpy. eHgporpammy Ha ocHoBe 7242
SNP kopoBoro reHoma noctpounu B nporpamme «MEGA X». LUtammbl gna sanvaauun metoga HRM Bkntovanu
npegcTaBuUTeENen pasnuyHbix reHeTndeckux rpynn. Peakumio HRM-TLP npoBogmnu ¢ ucnons3oBaHnem Habopos
«Type-it HRM PCR Kit» n «KAPA HRM FAST gPCR Kit» Ha amnnudukatope OHK «Rotor Gene» ¢ dyHKLmeN
HRM. AHanu3 n Bu3yanu3saunio JaHHbIX BbINOMHANM NOMNb30BaTENbCKUMU CKpUNTamMun B cpefe pa3paboTky A3bika
Python u a3bika R.

Pe3ynkTaTbl n o6cyxgeHmne. OnpegeneHbl mapkepHble SNP ans 6 reHetnyeckux rpynn B. anthracis, no3sons-
oL me onpeaensaTb NPUHaANeXHOCTb LUTaMMOB K OAHOMY M3 7 HOBbIX cybknactepos. [ogobpaHbl napbl npanve-
poB, onTuMmM3npoBaHbl napametpbl HRM-TMUP ans auckpymnHaumm pasmbix annenet SNP-nokycoB u paspabo-
TaHa cxema aHanuaa.

3akntoueHune. Takum obpasom, BbibpaHbl MapkepHble SNP ans onpegeneHus reHeTudeckux cybknactepos
B. anthracis A.Br.CEA, A.Br.STI, A.Br.Tsiankovskii, B.Br.Europe, B.Br.Siberia, B.Br.Asia, B.Br.018 u paspa6otaH
HOBbIN NabopaToOPHbIN MeToA MONeKynsapHoro cyotunmposanus B. anthracis ¢ ncnonb3osaHnem HRM-TLP.

KnroueBble cnoBa: ceHomunuposaHue, SNP, HRM, Bacillus anthracis, nonHoeeHoMHoe cekeeHuposaHue, u-
J5iI02eHemuYecKul aHanus

UcmoyHuk (pUHaHCUpOSBHUﬂ. ABTOpr 3as9BNsI0T 00 OTCYTCTBUU BHELLHEro CbI/IHaHCVIpOBaHVIﬂ npu nposegeHUn nc-
cnegoBaHuA.

KoHgbnnukm unmepecoe. ABTOpbl AeKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTby.

Ans yumupoeaHus: lMNMeukosckun A., Epemerko E.W., PasaHosa A.l, Mucapexko C.B., Wanakos H.A., AkceHo-
Ba J1.10., CemeHoBa O.B., Tumuenko J1.0., Kynuuernko A.H. PaspaboTtka meTtoga MoneKynsipHoro cy6tunupoBaHusi
Bacillus anthracis ¢ ncnone3oBanuem HRM-TUP. )XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu.
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Abstract

Introduction. Bacillus anthracis is the causative agent of anthrax, a pathogen characterized by high genetic
monomorphism that complicates differentiation of strains. Thus, molecular methods for pathogen typing require
the improvement.

The aim of the study. To select marker SNPs for new genetic groups of B. anthracis and to develop a method for
their laboratory identification using HRM PCR.

Materials and methods. The core genome of 222 strains of B. anthracis from the GenBank database and 66
strains from the collection of pathogenic microorganisms of the Stavropol Anti-Plague Institute was aligned using
the parsnp software. A dendrogram based on 7242 core genome SNPs was built in MEGA X software. The strains
for validation of the HRM method included representatives of various genetic groups. The HRM PCR reaction
was performed using the "Type-it HRM PCR Kit" and "KAPA HRM FAST gPCR Kit" and a Rotor Gene DNA ther-
mocycler with HRM function. Data analysis and visualization were performed using custom scripts in the Python
and R development environments.

Results and discussion. Marker SNPs for 6 genetic groups have been identified, which make it possible to de-
termine whether strains belong to one of 7 new subclusters. Pairs of primers were selected for the loci containing
them, HRM PCR parameters were optimized for discrimination of different alleles of SNP loci, and an analysis
scheme was developed.

Conclusion. Thus, marker SNPs were selected to determine the genetic subclusters A.Br.CEA, A.Br.STI, A.Br.
Tsiankovskii, B.Br.Europe, B.Br.Siberia, B.Br.Asia, B.Br.018, and a new laboratory method was developed for

molecular subtyping of B. anthracis using HRM PCR.

Keywords: genotyping, SNP, HRM, Bacillus anthracis, whole genome sequencing, phylogenetic analysis
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BeBepeHune

Boz0Oyaurens cuOUpCKON s3BBI MMEET OCOOBIN
JKU3HCHHBIN IUKJI, CBS3aHHBIA ¢ 00Opa3oBaHUEM HC-
KIIFOUHUTENBHO YCTOMYUBBIX CHOP W JJINTEIBHBIM CO-
xpanenuem Bacillus anthracis B mo4uBe B MOKOSIILIEMCS
COCTOSIHUU. B pe3ynbrare HaKOILUIEHHE MyTaluil orpa-
HUYHMBACTCS OTHOCUTENIHO PEIKUMHU COOBITUSMHU HH-
($uMpoBaHHs OpraHU3Ma 4yBCTBUTEIBLHOTO X035MHA,
YTO MPUBOAUT K HEOONBIIMM F'eHETHYECKIM BapHallu-
sIM BHYTpH Buja [1].

HecMoTpsi Ha BBICOKYIO T€HETHYECKYIO OJHOPOI-
HOCTb B. anthracis, BBIOpaHbI U IUPOKO UCTIONB3YIOTCS
Mapkepsl A reHotunupoBanus: VNTR (Ttanmemubie
noBTopsl) [2], SNR (ogHOHYKIICOTHAHBIE TTOBTOPHI) [3]
u SNP (onmHOHYKII€OTHIHBIE TOMUMOPGHU3MBI) [4].

SNP sBnsitoTcst 6osiee cTaOMIBHBIMU TEHETHYE-
CKUMH MapKepaMmH, CTeTIeHb OOPaTHBIX MYTaIMid U TO-
MOIIJIa3UH1 CYIIECTBEHHO MEHbIIIE, YeM, HapUMep, AJIs
VNTR, 4to ynoOHO Npu HU3yYCHUU DBOJIOIMM OaKTe-
PHH M OIpe/IeIeHUH CTICHU(PUYHBIX TCHETHYECKUX JIH-
Hul mrammoB [S5]. Takue 0COOEHHOCTH CIIOCOOCTBYIOT
AKTHBHOMY TIOMCKY U OOHapyXEHUIO HHPOPMaTUBHBIX
SNP.

[lepBoie SNP B. anthracis Oblmd ONMUCaHBl MPH
CEKBCHMPOBAaHUM H30JIATOB MITaMMa Ames, U30JIHPO-

BaHHOTO 13 OMOJIOTHYECKOTO MaTepraia JKXePTBbI aTaku
2001 r. (mramm Florida) u or naboparopHoro mramMmMa
(rramMm Porton). CpaBHEHHE IITAMMOB TIOKa3bIBAJIO UX
BbICOKOE pojcTBO [6]. OTOop SNP u ux mpoBepka Ha
88 mrammax B. anthracis I03BOJIMIN BBISIBUTH 6 CIie-
mupuuHbIX s rpynnsl Ames SNP, 4 XpoMOCOMHBIX,
a Takoke 1o onHol ans wiazmug pXO1 u pXO2 [7].

B rnob6anbHoM wucciemoBanuu 1033 mramMMoB
B. anthracis w3 42 ctpaH TpyIImoi ucciaenoBareield Bo
maBe ¢ Van Ert Obuin OTKpPBITHL 13 «KaHOHHMUYECKUX)
SNP, paznensromux mramMmmel B. anthracis Ha 12 te-
HeTudyecKux rpynn. KaHoHMYecKoe reHOTUIIMPOBAHHE
SIBJIICTCS KJIFOYEBBIM U IIUPOKO MCIIOJIB3YETCSI B T€HO-
tunupoBanuu [4]. Tlozxe ObUT HAlJCH IOMOJHUTEIIb-
Helii SNP A.Br.011, koTtopslii pa3aenuia camMyr MHO-
rounciennyo rpynny A.Br.008/009 wa moxarpymbt
A.Br.008/011 u A.Br.011/009 [8].

I'pynma sAmoHckuX wucciemoBareneil Ha OCHOBE
19 nOJIHOT€HOMHBIX CUKBEHCOB, B TOM YHUCJIC 2 SIIOH-
CKUX MITaMMOB, KiaccuduuupoBaiu 2965 SNP na 80
rpyrnn SNP (tag TunoB) u BeIOpay cpean HUX 3 crenu-
(UYHBIX 1715 1TaMMOB 13 Snonuu [9].

Hosrie SNP momoraroT B 3IUIEMHOJIOTHYECKOM
pacin(poBKe BCIBIIICK CHOUPCKOW $3BBI; Tak, MPH
WHIUJICHTE 3apaXkeHusi B. anthracis 4epe3 UHBEKIUU

© Pechkovskii G.A., Eremenko E.I., Ryazanova A.G., Pisarenko S.V., Shapakov N.A., Aksenova L.Y., Semenova O.V., Timchenko L.D., Kulichenko A.N., 2023
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reporHa ObLTH CEKBEHHPOBaHbI TeHOM ITamma Ba4599
OT MalueHTa 1 2 reHoMa OJIM3KOPOACTBEHHBIX IITAMMAa
n3 Typuuu. [Ipu cpaBHEeHHH TeHOMOB OBUIM HalJCHEI
cneruduunabie SNP 1511 3T0O# BCIBIINIKY, a8 TaKXKe IS
JIOTIONIHUTENBHOTO pa3nenenus rpymnmnsl A.Br.008 [10].

Takum obOpazom, yxe onucanbl 13 kKaHOHHYe-
CKHMX M IO MeHblIeil Mepe 57 pononHuTeabHbIXx SNP,
crnenuGUUHBIX K ONpeIeNEHHBIM TeHETHUECKUM TPYII-
nam [4, 6-17]. B To e Bpemsi ObLIO HU3BECTHO, YTO
POJICTBEHHBIE TEHETHUUYECKUE JTMHUM MOTYT HaXOJIUTh-
Csl Ha JOCTAaTOYHO OONBIIOM TeorpadpuuecKoM paccTo-
aunu. Hanpuwmep, rpynna A.Br.008/009 Bctpewaet-
cs B crpaHax EBponbl, Asuu u FOxHoil Amepuku, a
muHus A.Br.Aust.94 — B ABcTpanuu, crpaHax A3uu
u A¢puxu. C HakoIUIGHHEM IITAaMMOB DPa3IMYHOTO
reorpa)u4eckoro MPOUCXOKICHHUS 3aKOHOMEPHBIM
OBIJIO yBENIMUYEHUE KOIMYECTBA T€HETHMUECKUX TPy
[4]. B ywactHOCTH, Tipu ucciaeqoBanuu 193 renHomoB
B. anthracis na ocHoBe 5663 mapcuMoHUYHBIX SNP
BBIIETMIN 16 OCHOBHBIX TeHeTHueckux rpymm u 330
BeTBel ¢ ykazanuem cnenuduuabslx SNP s rpynn
IITAMMOB U OTACNIbHBIX mITaMMOB [18]. B pe3ynsrare
BO3HUKAET HEOOXOAUMOCTD B HJICHTHU(HUKAIIMA HOBBIX
cnenuGHUUHBIX MapKepoB M pa3paboTKe MeToAa HX
OTIPEJICIICHHUS.

SNP-reHoTUnpoBaHue MPOBOIUTCS IMpeUMyIie-
CTBEHHO METOAaMH ajieNb-clielu(uIHon aMIundu-
kauu (TagMan MGB (Minor Groove Binder), LNA,
Melt-MAMA) u miaBieHHEM aMIUIMKOHOB C BBICO-
kuM paszpemieHreM (High Resolution Melting, HRM)
ITHP [19-21]. Anst npoBeaenus TagMan MGB u LNA
UCToNb3yoT cnenupuunsie 30HabI ans SNP. Melt-
MAMA ocHOBaHa Ha COOTBETCTBHH/HECOOTBETCTBUHU
CHeUaNbHBIX TpaimMepoB K Jokycy ¢ SNP. Ilpuniun
HRM-IILIP nocTpoeH Ha JETEKUMU pa3HULBl TEMIIEe-
paTyp IUIaBIeHMS] aMJIMKOHOB. UyBCTBUTENBHOCTH Me-
TOAA AOCTHraeT OJHOTO HYKJIEOTHAa, Onarogapsi uemy
¢ nnomoibto HRM-ananu3a MOKHO IPOBOJUTH JETEK-
ruto SNP [22]. SNP- u VNTR-10Kycbl IpUMEHSIOTCS
JUIE KOMOMHHPOBAaHHOTO T€HOTHIIMPOBAHUS IITAMMOB
metogamu HRM-ITIP [23].

C mosBIE€HHEM METOAOB BBICOKOIPOU3BOJUTEIb-
HOTO CEKBEHHpPOBaHMs MONHbIX reHomoB (WGS) oc-
HOBHBIM IIO/IXOJIOM K OIPENEICHUI0 T'€HETUYECKOTO
poacTBa mTamMMoB ctai aHanu3 SNP kopoBoro renoma
(WGS-SNP-tunupoBanue). WGS-SNP-tunmposanue,
XOTs M TIO3BOJISIET TIOJTYYUTh UCUEPIIBIBAIOITYIO0 HHPOP-
MaIMI0 O TeHOMAaxX HCCIIEAYEMBIX IITaMMOB, SBJSETCS
JOCTaTOYHO AOPOTUM M TpeOYIOIIMM HaJIM4Us COOT-
BETCTBYIOLIEro 00opynoBanust [24].

JlanHoe  uccieoBaHME — SBISETCA  JIOTHYE-
CKUM TIpopoibkeHueM pabotsl [25]. B Hell Ha ocHOBe
WGS-SNP-ananusza kopoBoro reHomMa HaOopa IITam-
MOB OBUTH MOAPOOHO OMHUCAHBI TeHETHYECKHE CyOInu-
HUU, pacnpocTpaHéHHble Ha Teppuropun Poccun u
NPUTPaHUYHBIX CTpaH. B xozxe nccnenoBanus 6610 BbI-
SICHEHO, YTO M3 66 HCCIIETOBAHHBIX IIITAMMOB B KOJIJIEK-

ORIGINAL RESEARCHES

LUH TaTOTeHHBIX MUKPOOPraHu3MoB CTaBpOIOIbCKOTO
MPOTUBOYYMHOTO HHCTHTYTa PocnioTpebnaazopa 49 ot-
HOCHIIMCH K JIMHUHU A, ocTalibHbIC 17 IITAMMOB — K JIH-
Huu B. lITammbl TuHNM A HEpaBHOMEPHO pacipeess-
JIUCh MEXNYy 5 KAHOHUYECKUMH rpynnam. bossiue Bee-
ro, 35 mramMmMoB, oTHOCUIIOCH K rpymmne A.Br.008/011,
6 mramMmmoB — Kk A.Br.Ames, 5 mrammoB — k A.Br.
Aust94, 2 mramma — k A.Br.001/002, 1 mramMmm —
k A.Br.005/006. Bce mrTammbl OCHOBHOU juHMU B
MIPUHAJUICKAIN K KaHOHU4Yeckoit rpymre B.Br.001/002.
Haunbonee TunmunbiMu a71st TeppuTopuu Poccuu 1 6mnu-
KaWIIUX CTPaH, UMEIOIIUMH HauOOJBIIYIO SMUAEMHUO-
JIOTMYECKYIO 3HAYMMOCTb, SIBISIOTCSI TE€HETHYECKUE
cyoknactepsl A.Br.STI, A.Br.Tsiankovskii B rpymme
A.Br.008/011, a takxe HOoBble — A.Br.CEA B rpymme
A.Br.Aust94 u B.Br.Europe, B.Br.Siberia, B.Br.Asia,
B.Br.018 B rpynne B.Br.001/002. Onnako meron mo-
JeKyJsipHOTO cyOTHNUpoBaHus Ajst quddepeHuuanuu
9THX cyOkiactepoB 6e3 ucrnonb3oBanusi WGS-SNP ne
paspaboraH.

Heanr wuccnenoBanuss — BBIOOP MapKEPHBIX
SNP mis TUIMpOBaHHS TE€HETHYECKUX CyOKIacTepoB
B. anthracis n pa3zpabotka merona B ¢gopmare HRM-
[LIP nys ux mabopaTopHOTO OMpEAEICHUSI.

MaTepman bl 1 MeToAbl

s mocTpoeHus: AeHAPOTrpaMMbl OBLIO HCTIOJb-
30BaHo 222 reHoMa u3 Kojutekuun GenBank u 66 reHo-
MOB IITaMMOB U3 KOJUICKIIH MaTOTEHHBIX MUKPOOpPTa-
HU3MOB CTaBpOIIOILCKOTO MPOTHBOUYYMHOIO MHCTUTY-
ta PocniorpebHazopa.

KopoBoe BbIpaBHMBaHHE OCYIIECTBISUIOCH C
noMoipio nporpamMm «Parsnp» u3 makera Harvest
suit ¢ pedepeHCHBHIM TeHOMOM Ames Ancestor
(GCF_000008445.1). 13 xopoBsix SNP ynansiau mo3u-
LIMY, UMEIOLINE HEU3BECTHBIN HyKIeoTua «N». lanee
SNP u3 ¢aiina VCF konkarennpoanu B gaiin FASTA.
dusnoreHeTnyeckoe AEpPEeBO CTPOWIM B HpOrpamme
«MEGA X» MeT010M MaKCUMaJIbHOTO MPaBI0IOA00HS
¢ Mofienbo 3aMeH Tamura-Nei.

SNP rpynnupoBaiu B THUIBI aJTOPUTMOM Ha OC-
HOBE sI3bIKa MporpamMupoBanusi Python ¢ momymsamu
pandas, numpy, scipy u matplotlib.

[paiimepsl mogOupanu B mporpamme «Primer-
BLAST»!' u cunresupoBaiu B CTaBpOMOILCKOM IMPO-
TUBOYYMHOM HHCTHTYTE.

JHK B. anthracis nony4anu cornacio MY 1.3
2569-09 «Opranuzanus paboTel J1laboparopuii, wuc-
MOJB3YIOMIMX METOABl aMIUTH(PUKANH HYKIEHHOBBIX
KHCJIOT TIpU paboTe ¢ MaTeprajioM, COAEPIKAIIUM MU-
Kpoopranusmsl [-IV rpynmn naroreHHoCTI».

ITammel a1 Banumanuu metoga HRM Bkiroga-
T TIPEACTaBUTENCH Pa3IMYHBIX TEHETUYECKHUX TPYIIIL.

Peakuuto TILP mys mapkepoB snp.cea, snp.sti,
snp.tsian mpoBoamim Habopom «Type-it HRM PCR

! URL: https://www.ncbi.nlm.nih.gov/tools/primer-blast
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Kit» («Qiagen»), a uis MapkepoB snp.sib, snp.eursib,
snp.012 — «KAPA HRM FAST qPCR Kit» («Roche).
[I[P-cMech rOTOBWIIM COMIACHO MHCTPYKIUSAM K Ha0O-
pam. KonnuectBo mpaiimepoB B peakunu — 0,3 MkM.
PexuM TepMOLMKIMPOBAHUS: NIEPBBII 3Tall — aKTUBA-
ust — 95°C 5 muH 1 1uki, BTOpoi aTan — JeHarypa-
ust 95°C 10 ¢, omxur 56°C 30 ¢, snonranums 72°C 10 c —
45 1ukioB, 3 stan — miasnenue ot 60 go 85°C.

AHaJn3 KPHUBBIX IUIABICHUSI BBIMONHSUIA B Cpelie
pa3paboTku s3bika Python ¢ momgynsmu numpy, scipy,
pandas. [Ipy aHanmu3e NaHHBIX IUIABJICHUS IOCIENO-
BaTeJIbHO KCIIOJIBb30BANM ONEPALUU: HHTEPIOJSLNS,
BBIYUCIICHHE NMPOU3BOJHOM, CIIIa)KWBaHUE W HOPMAaJH-
3anus. MHTEpnonsuus AaHHBIX NPOU3BOAMIACH (YHK-
uusvu  numpy.linspace() u  scipy.interpolate.make
interp_spline().

[Tpou3BOAHYIO BBIYHMCISUIM HPU MOMOLIM (QYHK-
un numpy.diff() u popmynst —dF/dT, rne F — maccus
JaHHBIX (IyopecueHun, I — MacCUB AaHHBIX TEM-
neparyp. CrnakuBaHue JaHHBIX OCYIIECTBISUIN (YHK-
nuedt numpy.convolve(). Hopmanuzanuio BEITIONHSIIN
MeToz0M Max—Min ¢ ¢opmyoi:

X-X VX X)),

min max min

rae X — MacCuB JJaHHBIX (IIyOpECUEHIIHH.
ConocraBneHre  HaWAEHHBIX  T€HETHMUYECKHUX

rpyIn ¢ GUIOTeHETHYECKOH IeHIPOrpaMMOii U BU3ya-

JIN3ALMIO JJAHHBIX OCYLIECTBISUIM B cpese sA3blka R ¢

oubnmorekamu ggtree u ggplot2.

Pe3ynbraTbl 1 06CyXaeHNe

HccnenoBanue COCTOSIIO M3 JABYX ITaroB: OHO-
I/IH(bOpMaTI/ILICCKOFO aHajin3da I'€CHOMHBIX JaHHBIX H

Crenuduiaecknii HyKI€OTH

B.Br.001 A.Br.Tsiankovskii A.Br.STI

co3naHusi J1abopaTOpHOH METOOUKU MOJIEKYISpPHO-
ro cyotunupoBaHus B. anthracis ¢ UCHONB30BaHUEM
HRM-IILIP.

buouHpopmamuyeckuli aHanus
2eHOMHbIX OGHHbIX

Ha mepBoMm »Tame wucciemoBaHus OBLIO BBIMOJ-
HEHO KOPOBOE BhIpaBHUBAHME HAa OCHOBE 288 reHOMOB
B. anthracis pa3znu4yHbIX reHeTHUECKUX Tpynil. B urore
nonyyeHsl 7242 kopoBsix SNP, Ha X ocHOBe nocTpoe-
Ha (uoreHeTn4ecKas AEHAPOrpaMMa.

Haiinennsie SNP rpynnuposanu B Tunbel SNP.
Tun SNP moxHo onpenenuts kak SNP, paznensrormniue
TEeHOMBl LITAMMOB Ha OJIMHAKOBbIE IOJAMHOMKECTBA,
MPY 3TOM OJTHO MTOIMHOKECTBO HMEET CHelnPUIECKUI
HYKJICOTH]I, Ipyroe — anbTepHaTHUBHbIA. Takum 00-
pa3om, oauH T SNP o0mamaeT oqMHAKOBOW CHEIH-
¢uunocteio. Texundyecku tunoMm SNP siBnsitorcs SNP
¢ onuHaxkoBbIM HabopoM 0 uiu 1 (pedepeHCHBIX U allb-
TEPHATUBHBIX HYKJIEOTHIOB) B cTpokax VCF-daiina.
B anroputme rpynnupoBKH CHadajga ONpPEAESIOTCS
YHHUKaJIbHBIE TPYIIBI CTPOK, 3aTe€M KaXJ10H yHHKallb-
HOM Tpynme M COOTBETCTBYIOIIUM OTAEIbHBIM SNP
npucBanBaeTcs Ha3BaHue (Ter wiu Homep SNP). Haii-
nennbie Tunbsl SNP conmocTaBmsuin ¢ IeHApOrpaMMOH,
MOCTPOEHHOM Ha ocHOBaHUU SNP kopoBOro BeIpaBHU-
BaHUs, U ONPeACsn uX cnenuduuHocTts (puc. 1).

Hamu Oputo crpynmupoBano 7242 SNP B 485
TUIIOB, U3 HUX 6 THIIOB MO3BOJISUIM BBIACTHUTH CyOKia-
crepel A.Br.CEA, A.Br.STI, A.Br.Tsiankovskii, B.Br.
Europe, B.Br.Siberia, B.Br.Asia, B.Br.018. U3 kax-
JIOTO TUMAa OTOOpaHO MO OJHOMY MapkepHomMy SNP
(tada. 1). K nokycam, copepxkamum mapkepHbie SNP,

KaHoHunueckue THHAN

snp.cea
snp.sti

snp.tsian
snp.012
snp.eursib
snp.sib

| S .

A.Br.CEA

Puc. 1. ConoctaBneHue unoreHeTU4eckon geHaporpammel 1 cneumndundeckmux SNP.
Fig. 1. Comparison of the phylogenetic dendrogram and the specific SNPs.
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Tabnuua 1. MapkepHble SNP, nossonsowme anddepeHumposaTtb cybknacTtepsl B. anrthracis
Table 1. Marker SNPs enabling identification of B. anrthracis subclusters

Cy6bknactep Tun SNP Mo3numn SNP B reHome pedepeHc-lutamma Ames Ancestor 1 3ameHa
Subcluster Type of SNP SNP positions in the genome of Ames Ancestor reference strains and substitution
A.Br.CEA snp.cea 3640599(C—T); 4129922
A.Br.STI snp.sti 3477612(T—C); 5018646; 5182989
A.Br.Tsiankovskii snp.tsian 1512630;1570595; 1669436; 3462463(A—G); 3535633
B.Br.Siberia snp.sib 852412; 1154559(G—A); 1718548; 3478630
B.Br.Europe B.Br.Siberia snp.eursib 401345; 845118; 924463;1091101;1275037; 1340610(C—A); 1370064;1707494;
1845295; 1995289; 2203604; 2869433; 3370298; 3434429; 3445848; 3676855;
3744240; 3779450; 3996031; 4010553; 4087470;4099116; 4289474; 4301537;
4374768; 4425661; 4516984; 4741119; 4814382; 5002952; 5195702
B.Br.Europe B.Br.Siberia B.Br.Asia snp.012 5161369(C—A)

MpumeyaHue. BoigeneHsl mapkepHble SNP, nogyépkHyTa MapkepHas annernsb.
Note. Marker SNPs are shown in bold, marker alleles are underlined.

paspabotanbl npaiimepsl (Tadua. 2). Snp.cea.3640599
OBLI OMKCaH B UCCIICJOBAHHUH C JIAOOPAaTOPHON METOIH-
koii onpenencuus Melt-MAMA [14].

MonekynapHoe cybmunuposaHue B. anthracis
c ucnone3zosaHuem HRM-TILIP

Ha Bropom aTane uccnenoBanus pa3padaTbiBaics
HRM-IILP-meToa. OnTuMu3upoBaH MPOTOKOJ MPOBE-
nenuss HRM-IIIP, Bkirodaromui pesxuM TEPMOLIUKIIU-
pOBaHUA U TapaMETPbI peaKLUu.

st TecTrpoBaHus pa3paboTaHHOTO MeToa ObLIH
WCIIONIb30BAaHbl IITAMMBI U3 Pa3JIMUHBIX crenugpuye-
CKHUX CyOKITacTepOB M KAHOHUYECKUX INHUM (Ta0.1.3, 4).
IIpuHaMIEKHOCTh K OIPEAEIEHHBIM KAHOHUYECKUM U
HEKAaHOHWYECKUM TE€HETHYECKUM JIMHUSAM OIpeaess-
Jach MO pe3ysbTaraM paHee MPOBEAEHHOTO KaHOHHU-
YECKOr0 THUIIMPOBAaHUS WM TMOJHOT€HOMHOIO CEKBe-
HupoBaHus. OTMeTHM, 4TO crHeuuuyueckas rpymnmna
mraMMoB JHHUHM A.Br.Aust94 Bkitouana ImTaMMmsbl C
yxe u3zBecTHbIM reHotunoM A.Br.CEA mo pe3synbra-
TaM cexkBeHupoBaHus: 312/163, 73/42, 819/5, u Heus-
BECTHBIM re”orunom: 377/3, 456/13, 1180, 1190, 1283,
52/33, 462/471, 817/685. llltammel cnenuduyueckoi
rpyMIib! ObIIH BBIICIICHBI B IPOLIECCE BCIBIILIEK HA TEP-
putopun Kapkaza (Kabapauno-bankapckas Pecry6mnu-
ka, PecriyOnuka darecran, CtaBpononbckuii kpai, Pe-
cnyonuka Uarymerns, Yeuenckas Pecnyonuka, Asep-
Oatimxkan, [py3us).

Ta6bnuua 2. MNMpanmepsl kK SNP-nokycam B. anrthracis
Table 2. Primers for B. anrthracis SNP loci

Jns TunupoBaHus mWTaMMOB B. anthracis npen-
jaraeTcsi cxema, B KOTOpOW Ha MEepBOM JTare MpoBO-
OUTCS TUIHMPOBAaHHE OCHOBHBIX KAHOHWYECKHX JIU-
HUii, a Ha BTOPOM — JIOTIOJIHUTEIBHOE TUITMPOBAHHE.
B uacTtHOCTH, ecnu onpenenseTcss KaHOHHUYECKasl Jd-
Hus A.Br.008/009, To He0OXOqMMO TPOBECTH JOIIOJI-
HUTeNbHOE THUnHpoBanue SNP snp.sti u snp.tsian, npu
BeisiBIcHUU A.Br.Aust94 — snp.cea, a ipu uaeHTUU-
kanuu B.Br.001/002 — snp.sib, snp.eursib, snp.012.

HyXHO OTMETHTB, YTO MpPU TUMUPOBAHUH TPYI-
nel B.Br.001/002 wucnons3yercs komOunanus SNP:
snp.sib, xapakrepHblii 115 knactepa B.Br.Siberia, snp.
eursib — ans knacrepos B.Br.Siberia u B.Br.Europa,
snp.012 — nnsg xknactepo B.Br.Siberia, B.Br.Europe u
B.Br.Asia. [1pu TunupoBanuu komOuHanuu 3 SNP yna-
etcs BoienuTh 4 rpynnsl (B.Br.Europe, B.Br.Siberia,
B.Br.Asia, B.Br.018) u3 nuauu B.Br.001/002 ¢ xapak-
TEpHBIM HA0OPOM HYKJIEOTUAOB (TAGJI. 5), YTO MO3BO-
JsieT yMeHbIIUTh KonmuuecTBo [ILIP-peakumii u Gonee
TOYHO ONpPENEIATh Cenn(UIecKue TPyMIbL.

B pesynbrare mpoBelcHUS TECTHPOBAHHS ObLIH
MOJY4YeHbl KPUBBIC IUIABJICHMS, MPOM3BENEH aHAIN3
KPUBBIX TUIABJICHUS U TIOJyYCHBI MUK TUIABICHHS.

[ns snp.cea temneparypa nuka miaasineHus JJHK
mTaMMOB crienruieckol Tpymnmsl coctasuia 71,06 £
0,08°C, a mns Hecnenuduueckoit — 71,54 = 0,05°C.
Temneparypsl cnequuyecKux TPyHm Ui snp.sti u
snp.tsian Obu paBubl 70,43 + 0,07 u 71,63 = 0,09°C,

SNP-nokyc | SNP locus |

Mpsmon npanmep | Forward primer

O6patHbIn npanmvep | Reverse primer

snp.cea.3640599
snp.sti.3477612
snp.tsian.3462463
snp.012.5161369
shp.eursib.1340610
snp.sib.1154559

ACACCTAAACCTTCTTTTAATACATCT
GCAAATGGCTCTATTTCTGATT
ACACCACAAATATCACAAAACCT
TTTATTAGCAGGAGAACGTAGAAT
CAAGGCATGAACAAGGAGCTA
AGGCTTAGCAAAAGGTCCGA

ATTGACCCAACAGCTACGAA
ACAAACGAAAAGATTATCCAAAGTA
TCTCTGATACTTCTAATCTGTTCGT

AATGCAACGAATGTAATGAAACAT

AACCCCTGGATTGCCAGTAA

GCTTTCCGTTTTCTTCACGG
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Tabnuua 3. Pe3ynsraTtel TECTUPOBaHNS WITaMMOB B. anrthracis (nokycel — snp.cea, snp.sti, snp.tsian) metogom HRM-MLP
Table 3. Results of testing of B. anthracis strains (loci — snp.cea, snp.str, snp.tsian) by HRM PCR

pynna A.Br.CEA | A.Br.CEA group Ipynna A.Br.STI n A.Br.Tsiankovskii | A.Br.STI and A.Br.Tsiankovskii group
"No. srain ineages | seoeaec | RIS inaages sp.st, 0G| snp.tsian, C
1-45 A.Br.001/002 71,57 I-45 A.Br.001/002 69,91 70,90
1 A.Br.005/006 71,57 1 A.Br.005/006 69,91 70,99
81/1 A.Br.008/009 71,53 I-357 A.Br.Ames 70,00 70,99
1-19 A.Br.008/009 71,62 388/1 A.Br.Vollum 69,90 71,00
1-357 A.Br.Ames 71,48 140P B.Br.001/002 69,90 70,90
388/1 A.Br.Vollum 71,48 1-29 B.Br.001/002 69,80 70,90
140P B.Br.001/002 71,57 1368/1 B.Br.001/002 69,81 70,99
1-29 B.Br.001/002 71,53 312/163 A.Br.Aust94 69,80 70,80
1368/1 B.Br.001/002 71,47 81/1 A.Br.STI 69,90 71,60
312/163 A.Br.CEA 70,93 1CO A.Br.STI 69,70 71,70
819/5 A.Br.CEA 71,03 363/17 A.Br.STI 69,80 71,60
73/42 A.Br.CEA 71,08 506/55 A.Br.STI 69,80 71,59
377/3 A.Br.CEA 70,97 1-9 A.Br.STI 70,09 71,71
456/13 A.Br.CEA 71,03 228/269 A.Br.STI 69,91 71,79
1180 A.Br.CEA 70,97 618/755 A.Br.Tsian. 70,51 70,89
1190 A.Br.CEA 71,13 1058/654 A.Br.Tsian. 70,59 70,90
1283 A.Br.CEA 71,07 I-19 A.Br.Tsian. 70,41 70,99
52/33 A.Br.CEA 71,07 [-275 A.Br.Tsian. 70,41 70,90
462/471 A.Br.CEA 71,17 1-323 A.Br.Tsian. 70,59 71,00
817/685 A.Br.CEA 71,17 1374/873 A.Br.Tsian. 70,51 70,99

Mpumevanue. BoigeneHbl TemnepaTtypbl MMKOB MNaBNeHns, AEMOHCTPUPYIOLLME cneundunyeckme peakuum npu TeCTMpoBaHUM LWTaMMOB
pasHblx nuHun B. anrthracis.

Note. The melting peak temperatures are indicated in bold, demonstrating specific reactions when testing strains of different B. anthracis
lineages.

Ta6nuua 4. Pesynsratel HRM-TLIP-TecTupoBaHus wraMMoB Anis nokycoB snp.sib, snp.eursib, snp.012
Table 4. Results of HRM PCR testing of strains for loci snp.sib, snp.eursib, snp.012 loci

Ipynnel TectnpoBanus B.Br.Siberia, B.Br.Eursib n B.Br.012 | B.Br.Sib, B.Br.Eursib, and B.Br.012 testing group

Ne wramma | No. strain nuHuK | lineages snp.sib, t °C snp.eursib, t °C snp.012, t°C
I-45 A.Br.001/002 74,61 79,09 70,80
81/1 A.Br.008/009 74,41 79,20 70,90
312/163 A.Br.Aust94 74,51 79,21 71,09
140P B.Br.Europe 74,60 78,41 70,00
12/16 B.Br.Europe 74,60 78,41 69,70
850/46 B.Br.Europe 74,60 78,41 69,69
1-373 B.Br.Europe NA 78,51 69,81
1342/12 B.Br.Siberia 73,81 78,50 69,80
1-29 B.Br.Siberia 73,80 78,59 69,99
1368/1 B.Br.Asia 74,60 79,21 69,70
1-362 B.Br.Asia 74,71 79,30 69,71
1284 B.Br.018 74,71 79,30 71,00

Mpumevanmne. NA — witamm He TecTmpoBancs. XXnpHbIM LWpUGTOM yKasaHbl TemnepaTypbl MMKOB NMaBneHns, 4eMOHCTpUpyoLwme cneumdu-
Yeckne peakummn npu TeCTMPOBaHUK LUITAMMOB pasHbIX NHWUN B. anrthracis.

Note. NA — strain not tested. The melting peak temperatures are indicated in bold, demonstrating specific reactions when testing strains

of different B. anthracis lineages.
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TIuxu niapienus snp.cea -(d/dT)
Melting peaks of snp.cea -(d/dT)

71.06°C 71.54°C

T C

Kpusrie niasaenns snp.cea / Melting curves of snp.cea

TIuku nuapiaenust snp.sti -(d/dT)
Melting peaks of snp.sti -(d/dT)

69.81°C 70.43°C
T C

Kpusrie niasaenns snp.sti / Melting curves of snp.sti

ORIGINAL RESEARCHES

TTuku niapjaenus snp.tsian -(d/dT)
Melting peaks of snp.tsian -(d/dT)

70.88°C 71.63°C
A G

Kpusble nuassienns snp.tsian / Melting curves of snp.tsian

Puc. 2. MNMvikn n kpmeble nnaeneHune wrtammoB A.Br.CEA, A.Br.STI n A.Br.Tsiankovskii Ansi COOTBETCTBYOLLMX TOKYCOB SNp.cea,

snp.sti, snp.tsian.

Fig. 2. Peaks and melting curves for strains from A.Br.CEA, A.Br.STI and A.Br.Tsiatkovskii clusters for the corresponding

Tuku naasienns snp.sib -(d/dT)
Melting peaks of snp.sib -(d/dT)

73.81°C 74.59°C
A G

Kpusrie nuiasjienus snp.sib/ Velting curves of snp.sib

snp.cea, snp.sti, and sp.tsian loci.

Tuku naasjenns snp.eursib -(d/dT)
Melting peaks of snp.eursib -(d/dT)

78.47°C 79.21°C
A C

Kpusbie nuasienus snp.eursib/ Melting curves of snp.eursib

Tuku naassaenns snp.012 -(d/dT)
Melting peaks of snp.012 -(d/dT)

69.80°C 70.95°C
A C

Kpusbie nuasaenus snp.012/ Melting curves of snp.012

Puc. 3. lNukn 1 KpMBblEe NNaBneHnst Npyu aHanuae WTaMMoB knactepoB B.Br.Siberia, B.Br.Europe n B.Br.Siberia, B.Br.012
Mo COOTBETCTBYIOLUMM fTOKycam snp.sib, snp.eursib 1 snp.012.

Fig. 3. Peaks and melting curves for strains from B.Br.Siberia, B.Br.Europe, and B.Br.012 clusters for the corresponding

snp.sib, snp.eursib, and snp.012 loci.
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Tabnuua 5. Habop Hykneotngos SNP ana cneumdmyecknx cybknactepos B. anrthracis
Table 5. Set of SNP nucleotides specific for different B. anrthracis subclusters

Cy6knactep Annenu mapkepHbix SNP | Alleles of marker SNPs

Subcluster snp.cea snp.sti shp.tsian snp.sib snp.eursib snp.012
A.Br.CEA T T A G Cc Cc
A.Br.STI C (o} A G C C
A.Br.Tsiankovskii C T G G C C
B.Br.Siberia C T A A A A
B.Br.Europe C T A G A A
B.Br.Asia C T A G (o} A
B.Br.018 C T A G C Cc

MpumeyaHune. XXupHbiM LPUETOM C NogYepKnBaHMEM BblAeneH cneunguyecknini Hykneotuna.

Note. A specific nucleotide is highlighted in bold with an underscore.

Ta6bnuua 6. Mukn nnasneHns SNP-nokycos
Table 6. Melting peaks for SNP loci

Tokyc Hykneotug Mvkn Temnepatyp nnaenexus, °C Pa3Huua nukos Temnepatyp nnaenexus, °C
Locus Nucleotide Melting temperature peaks, °C Difference of melting temperature peaks, °C
snp.cea T 71,06 + 0,08 0,48
C 71,54 £ 0,05
snp.sti c 70,43 £ 0,07 0,63
T 69,81 + 0,08
snp.tsian G 71,63 £ 0,09 0,76
A 70,88 £ 0,07
snp.sib A 73,81 £0,01 0,79
G 74,59 £ 0,09
snp.eursib A 78,47 £ 0,07 0,74
C 79,21 £ 0,08
snp.012 A 69,80+ 0,13 1,15
C 70,95+ 0,12

npumeqal-me. )‘KI/IprIM LIJpI/ICbTOM C nog4yepkmBaHnem BblgeneH CﬂeLl,I/ICbI/ILIeCKVIVI HyKneotug.

Note. A specific nucleotide is highlighted in bold with an underscore.

a Hecnenupuueckux — 69,81 + 0,08 u 70,88 + 0,07°C
COOTBETCTBEHHO (Tadu. 3, 6, puc. 2). Jlokycs snp.012,
snp.eursib, snp.sib JAEMOHCTPUPOBANN TeMIIEPATYPy
IUIaBJICHUS JUIS CHEHM(DUUYSCKUX ajlieNeld, paBHYIO
69,80 + 0,13, 78,47 + 0,07 u 73,81 + 0,01°C coot-
BETCTBEHHO; Juisi Hecnienupuyeckux — 70,95 + 0,12,
7921 = 0,08 u 74,59 = 0,09°C CcOOTBETCTBEHHO
(Tada. 5, 6, puc. 3).

Onpenenéunsie TeHOTUNB MeTogoM HRM-ITLP
B 100% cmyuyaeB coBmajaiyd ¢ reHOTHIIAMHM, OIIpere-
JNEHHBIMU B PE3yJbTaTe MOJHOTCHOMHOTO CEKBEHHPO-
BaHUsI.

Crnenyer OTMETHTh, YTO a0COJIOTHBIC 3HAUCHUS
KPHUBBIX U ITUKOB TUIABJICHUSI 3aBUCAT OT HCIIOJIb3YeMO-
ro Habopa U MapaMeTpoB peakluy, HO Pa3HUIA B TEM-
neparypax ocTaéTcs OTHOCUTENBHO OCTOSHHOM.

Panee namu OBUIO MTOKA3aHO, YTO K CyOKIIacTepy
A.Br.CEA canSNP-rpynms! A.Br.Aust94 npunaniexar
mramMMmbl B. anthracis, BbIJICIICHHBIC HA TEPPUTOPUU

HOxnoro KaBkaza m Typuuu, a Takke OJUH IITaMM
73/42, Beinenennbiii Ha CeBepHoM KaBkaze B Ueue-
Ho-Unrymickoit ACCP, urto nano ocHOBaHME Ha3BaTb
atot cyOkmactep A.Br.CEA (Caucasus-East Anatolia).
Torga >xe HamMu OBLJIO BBIIABUHYTO HpEAINOJIOKEHHE,
YTO MHOTHE HITAMMBI M3 KOJUIEKIUH MaTOTCHHBIX MU-
KpoopranuzmMoB CTaBpOIOJIbCKOTO MPOTHBOYYMHOTO
uHcTuTyTa PocnorpebHanzopa, BoaeieHHble Ha Kas-
Ka3e, MOTYT OTHOCUTBCS K dTOMY cyOkmactepy [24].
B pesynsrare THUmMpoBaHHs pPa3pabOTaHHBIM METO-
JIOM YCTaHOBJICHO, YTO BCE IITaMMBI U3 Tpynmbl A.Br.
Aust94 npunamiexanu k cyoxnactepy A.Br.CEA, uto
noaTBepxaaeT pacnpocrpanenue A.Br.CEA no teppu-
topuu CeBepHoro u FOxxnoro Kaskasza.

Takum oOpazom, BeIOpaHbl MapkepHbie SNP s
ompeneNieHUs TeHEeTHYecKuX cyOkiacrepoB A.Br.
CEA, A.Br.STI, A.Br.Tsiankovskii, B.Br.Europe, B.Br.
Siberia, B.Br.Asia, B.Br.018 u pa3zpaGoran HOBBII Ja-
OOpaTOpHBI METOJ MOJEKYJSPHOTO CYyOTUIHPOBAHHS
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B. anthracis ¢ ucnonszoanuem HRM-IILIP. Mcmoinb-
30BaHKE ATOTO METOJA MOJIEKYISAPHOTO CyOTHITUPOBa-
HUS B aJTOPUTME MOHHUTOPHHIA BO3OYAHUTENs CHOMp-
CKOHM $3BBI TO3BOJISIET ONPEACIUTH MPUHAIICKHOCTD
W30JISITOB B. anthracis x ogHOMY U3 Haubolee pacmpo-
CTpaHEHHBIX U SMHACMHOJIOTHYECKH 3HAYUMBIX CYyO-
KJIACTEPOB /0 MOIYyYEHHs PEe3ylbTaToB MOJTHOT€HOM-
HOT'O CEKBEHUPOBAHUS H (PUIIOTEHETUUECKOTO aHAIN3A.
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AHTUOMOTNKOUYYBCTBUTENIbHOCTb XONIePHbIX BUOPNOHOB B C/IOMKHbIX
6unonnéHkax, cpopmmnpoBaHHbIX Ha PasNINYHbIX CybcTpaTax

CenaHckasa H.A.®, Tutoea C.B., MeHbLunkoBa E.A.

PocToBcKMn-Ha-[JoHY NPOTUBOYYMHBIN MHCTUTYT PocnoTpebHaa3opa, Poctos-Ha-[loHy, Poccua

AHHOMauus

BBeaeHue. /13yyeHre aHTMONOTUKOYYBCTBUTENBHOCTY BUONMNEHOK XONEPHbIX BUOPUOHOB MOXET NOMOYb B NOMUC-
Ke 3¢pheKTMBHbIX NpenapaToB Anst 60pbObLI C XONepon.

Lenb pabotbl — oueHuTb 3dPeKTUBHOCTb aHTubakTepuanbHbiX npenapatoB B OTHOWeHuW knetok Vibrio
cholerae B cocTaBe NoNMMMKPoOOHON BMONNEHKM, 06pa3oBaHHOW Ha pasnuyHbIX cybcTpaTax.

Martepuanbl u metoabl. [1poBoANNM MOAENUPOBaHNE MOHO- U MONMMUKPOOHBLIX BMONNEHOK in Vitro Ha XUTu-
He 1 nNnacTuke BO hnakoHax ¢ BOAOMNPOBOAHOW aBTOKNaBMPOBaHHON BOAOW, KOHTaMMHUPOBaHHBIX B3Becblo 10*
MUKPOOHbIX KneTok Tpéx wrtammoB V. cholerae O1 El Tor otaenbHo 1 B coveTanun ¢ Escherichia coli QD 5003.
PesynbraTtbl. B coctaBe MOHO- 1 MONMMUKPOOHBIX BGakTepmnanbHbIX coobLlecTB, 06pa3oBaHHbIX M3yvyaeMbiMu
LWUTAMMaMM Ha XUTUHE MU Ha NNacTuKe, KNETKN XOoNepHbIX BUOPMOHOB U KULLEYHON NanoYvkun okasanncb MeHee
BOCNPUUMUMBbLI K EWCTBUIO aHTUbaKTepuarnbsHbIX NpenapaTos.

3akntoyeHue. [MoBbIlLEHHAs aHTUONOTUKOYCTONYMBOCTL OMONNEHOK XONepHbIX BUOPMOHOB, 06pa3oBaHHbIX Ha
BroTuyeckmx n abrnoTnyecknx NOBEPXHOCTAX, NOAYEPKMBAET ONACHOCTb NX PACMpPOCTPaAHEHNS U COXpaHEHUs B
OKpyXatoLel cpefie, co3naéT AOMNONMHUTENbHbIE NPOGNemMbl B OTHOLLIEHUM UCMONb30BaHUS aHTUONOTUKOB U Tpe-
OyeT pa3paboTku ansTepHaTUBHbBIX CTPATErMIn CHUKEHUS PE3UCTEHTHOCTMN.

KnioueBble cnoBa: aHmu6uomUKope3ucmeHmHocmb, buonnéHka, XonepHbIl 8U6,DUOH

UcmoyHuk pbuHaHcupoeaHusi. ABTOpPbI 3asBNSIIOT 06 OTCYTCTBUM BHELUHEro (DrHaHCMPOBaHWS NPU NPOBEAEHNUMN UC-
crnegoBaHus.

KoHgbniukm uHnmepecos. ABTOpbI AEKNapupyT OTCYTCTBME SBHbIX Y NOTEHUMArbHbIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTbi.

Ans yumupoeaHus: CensHckas H.A., TutoBa C.B., MeHblumnkoBa E.A. AHTUGNOTUMKOYYBCTBUTENBHOCTL XOMNEPHbIX
BMOGPMOHOB B CIOXHbIX BronnéHkax, copMMpoBaHHbIX Ha pas3nuuHbIX cybcTpaTax. XKypHan mukpobuonoauu, anude-
muornoauu u ummyHobuomnozuu. 2023;100(2):188-195.
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Antibiotic sensitivity of cholera vibrions in biofilms formed
on various substrates

Nadezhda A. Selyanskaya™, Svetlana V. Titova, Elena A. Menshikova

Rostov-on-Don Anti-Plague Institute, Rostov-on-Don, Russia

Abstract

Introduction. Evaluation of antibiotic sensitivity of biofilms formed by Vibrio cholerae can help in the search for
effective drugs to combat cholera.

The aim of the work is to evaluate the effectiveness of antibacterial drugs against V. cholerae cells being a part
of a polymicrobial biofilm formed on various substrates.

Materials and methods. Mono- and polymicrobial biofilms were simulated in vitro on chitin and plastic
in flasks containing tap autoclaved water contaminated with a suspension of 10* microbial cells of three strains
of V. cholerae O1 El Tor separately or in combination with Escherichia coli QD 5003.

Results. When being a part of mono- or polymicrobial bacterial communities formed by the studied strains
on chitin or plastic, the V. cholerae and E. coli cells were less susceptible to the action of antibacterial drugs.

© CensHckasn H.A., TutoBa C.B., MeHbluukoBa E.A., 2023
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Conclusion. The increased antibiotic resistance of V. cholerae biofilms formed on biotic and abiotic surfaces
highlights the danger of their spread and preservation in the environment, creates additional problems regarding
the use of antibiotics and requires the development of alternative strategies to reduce resistance.

Keywords: antibiotic resistance, biofilm, V. cholerae
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BeBepeHune

buomnénkooOpa3oBanne — Ba)KHAsl 4acTb KH3-
HEHHOTO IMKJIa OONBIIMHCTBA OakTepuil. XolepHbie
BUOPHOHBI MOTYT 00pa3oBbIBaTh OWMOIIEHKUA HA BIHU-
TEJMU KUIIECYHUKA YeJIOBEKa, YTO UTPacT PEHIalOLIyI0
poJb B aTorenese u nepenaue nadekuu [ 1]. bruoré-
HOYHBIE arperatsl, copMupoBannsie Vibrio cholerae B
OKpY’KarolleH cpelie Ha OMOTUYECKUX U aDMOTUYECKUX
MOBEPXHOCTSX, BKIIOYas XUTHH 300IUIAaHKTOHA, IIa-
CTHK, CTEKJIO, 00€CIIeYNBaIOT COXpaHEHHE U BbDKHBAC-
MOCTb BO30OYAMTEISI MEXKIy SMUASMUUYECKUMH CE30Ha-
MU H PE3KO YBEIUUMBAIOT €T0 HHPEKINO3HOCTH [2—4].

[Mocnennue aecsaTuineTHs ObUTM OTMEYEHBI 3HAYH-
TEJILHBIM YBEJIMYCHUEM HAILIMX 3HAHUH O CTPYKTYpE, pe-
TyISIIuU U QYHKOUSAX OMOTUIEHOK, O BIMSIHUM YCJIOBUH
uX (OPMHUPOBAHUS HA MPOHUCXOMAAIINE B HUX (PU3HOIO-
THYECKHE W MOJEKyJspHBIEe mpoliecchl [5]. JokazaHo,
YTO MHUKPOOHBIE COOOILECTBA, OKPY)KEHHBIC BHEKIIE-
TOYHBIM MaTPUKCOM, TI0 CPAaBHEHHIO C INIAHKTOHHBIMU
KJIETKaMU OoJiee 3alIrIIeHbl OT HeOIaronpusTHBIX BO3-
JercTBui. B TO ke BpeMsi CTENEeHb 3TOM 3a1UThl MOKET
3aBHCETH OT LIEJIOTO psija (GakTopoB, BKIOYAst MOBEPX-
HOCTh 00pa3oBaHusl U BUJ OakTepuil, popMuUpyrommx
ouoruiéHky [6, 7]. CiiokHbIE MUKPOOHBIC B3aUMOJICH-
CTBUS, MPOUCXOSIIME B CMEIIAHHBIX MOJUBHIOBBIX
OMOIUIEHKAX, HAJTMYME KOHKYPEHTHBIX B3aUMOACHCTBUIM
CIOCOOHBI U3MEHATH CTPYKTYpHBIC U (DYHKIIMOHAIBHBIC
XapaKTePUCTHKH, XUMHUYECKUN COCTaB OHMOIUIEHOK, MX
MOABEPKEHHOCTh AC3MH(QHUUUPYIOMIUM CPEACTBAM U
antuounotukam [8]. [loHnMaHue MEeXaHU3MOB Pa3BUTHS
CIIOKHBIX OMOIUIEHOK W UX aHTHOMOTHUKOYYBCTBUTEIb-
HOCTH MOKET [TOMOYb B MOHCKe 3()(PEKTUBHBIX Mpernapa-
TOB /17151 60pBOBI C OUOMIIEHKOOOPAa30BaHHEM.

Hean padoTsl — oueHUTh 3PPEKTUBHOCTH aHTH-
OakrepuanbHbix npenaparo (ABII) B oTHOmIEHNH Kite-
ToK V. cholerae B coctaBe MOJMMUKPOOHOH OMOMIIEH-
K1, 00pa30BaHHOH Ha pa3IM4YHBIX CyOCcTpaTax.

MaTepman bl 1 MeToAbl

s pabotel u3 Komekimy maToreHHbIX MHKPO-
opranuzMoB PocTtoBckoro-Ha-/[oHy HNpOTHBOYYMHOIO
uHctuTyTa PocnoTpeOHan3opa ObUIM MOIYYEHBI ITaM-
™Mbl V. cholerae O1 El Tor (ctx*tcp®) Ne81, 19667, V.
cholerae O1 El Tor (ctxtcp™) Ne 20000, Escherichia coli
QD 5003. MozaenrpoBaHie MOHO- U IOJUMHKPOOHBIX

OMOILIEHOK in Vitro MPOBOAMIM Ha (PparMeHTax 3K30CKe-
JIeTa XUTHHOBOTO MAaHIMPS IHUPOKONAJIOT0 PEYHOTO pa-
Ka Astacus astacus T100 TIIACTUKOBBIX IJIACTHHKAX, KO-
TOpBIE MOMEIaH BO (IAKOHBI C BOJOIPOBOAHON aBTO-
KaBupoBaHHOI Bojoi (100 mi1), KOHTaMUHUPOBAaHHbIE
B3BeChIO 10* MUKPOOHBIX KJICTOK Ka)KIOTO IITAMMa HIIN
B couetannu E. coli ¢ V. cholerae 1 : 1, cnocodoMm, omu-
canubpiM panee [9, 10]. ®nakoHbl BeIIEpKUBAIU 4 CyT
npu 28°C. Ha 5-e cyTku KyJbTUBHUPOBAHUS IJIACTUHKH
XWTHHA WK IJIACTHKA ¢ 00pa30BaBIIMMUCS OMOTUIEHKA-
MU TIOCNIE TPEXKPATHOTO MPOMBIBaHHS B (PU3HOJIOTHYC-
CKOM pacTBOpE MEPEHOCHIIH B IEHULIMJUTMHOBBIE (IaKo-
HBI, cofiepalle AByKpaTHble pa3Benenus ABII B xu-
KoM muTatenbHOl cpene (Oynbon Xortunrepa pH 7,7).
B xoHTpOneHEIHA (akon ¢ 6uoruiénkoii ABIT He no6as-
nsu. Yepes 24 9 BeipamuBanus B Tepmocrare (37°C)
JIenajiv OTIIeYaTKH OMOIUIEHOK U BhIceB o 0,1 M1 m1aH-
KTOHHOM KYJIETYPBI Ha INTACTHHKY C arapoM XOTTHHIEpa
(pH 7,7). Pesynbrar yunthiBanu uepes 24 4 1Mo Hailu-
YMI0O WM OTCYTCTBUIO pocta Oakrepuil. OTHeceHue
KYJBTYP K YyBCTBHUTEIbHBIM/YCTOWYHUBBIM MPOBOIMIN
B cootBeTcTBUU ¢ MVYK 4.2.2495-09, MVYK 4.2.3745-
22 u pexomenganusimu EUCAST «Onpenenenue uyBs-
CTBHUTEIBHOCTH MUKPOOPTaHU3MOB K aHTUMHKPOOHBIM
npenaparaM. Bepcus 2021-01», ompenensisi MUHH-
MaJibHbIC monasistomue KoueHrpauu (MIIK) mpe-
naparos [11-13].

B pabore wucnonp3oBaHbl Openaparsl MEPBOTO
(TOKCUIIMKIINH, TPUMETONPUM/CyIb(haMeToKcasol,
($ypa3onuIoH — OTEYEeCTBEHHOTO NPOU3BOJICTBA, Ha-
nmunukcoBas kuciota (HeBurpamoH, «CHINOIN Phar-
maceutical and Chemical Works Private, Co. Ltd.»,
Benrpus) u BToporo psaa (TeTpalukIMH, JEBOMHULIE-
TUH (XJ10paMpeHnKon), pudaMIULInH, CTPEITOMUIIMH,
aMIUIWUIMH — OTEYECTBEHHOTO MPOM3BOJICTBA), pe-
KOMEHJIyeMble Ul ONpeNeNeHUs] YyBCTBUTEILHOCTH/
ycroitunBoctu V. cholerae [11, 12].

Hannune Ouomn€HOK B MOIy4YEeHHBIX 0Opasmax
MOATBEPKAAIN 10 BU3yaJTU3aLMHM 3K30IO0JUCaXapu/I-
HOIO MaTpHKca B Ma3Kax-OTIEYaTKax WJIH Hemocpen-
CTBEHHO Ha IUIACTUHKAaX B CBETOBOM MUKPOCKOIIE
(«Carl Zeiss Microscopy») ¢ HCIIOJIB30BaHUEM OKPACKH
KOHTO KpacHbIM U pykcuHOM («HTEpXUMY).

Kynerypel B Maskax-oTmedaTkax OMOIIIEHOK
UACHTHPUIUPOBATIH IO MOP(OIOTHH KOJIOHUH, TECTY
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Ha OKCHJa3y M PEaKUWW arriOTHHAMH Ha CTEKIIE C
O1-xonepHoll CHIBOPOTKOM.

Craructuueckyto oOpabOTKy pe3yJabTaToB OIpe-
nenenust MIIK ABIT npoBogunu, BBIYHCIAS CpeaHEe
apudpmernyeckoe 3HaueHue (M) pe3ynbraToB TPEX MO-
BTOPHBIX OITBITOB, OIIUOKY CPEAHEro apru(MeTHIeCcKo-
ro 3HaueHus (m). Paznuumns mexnay 3nauenusimu MITK
TUIAHKTOHHBIX U OWOIUIEHOYHBIX KYJNBTYp OLICHHBAJIH
npu nomoun kpurepus CThIOIEHTa IIPH YPOBHE 3HA-
gumocTd p < 0,05.

PesynbraTbl

Bce nccnenyemele KyabTyphl Ha 5-€ CYTKH KyJlb-
TUBUPOBAaHUS 00pa3oBbIBaM OWOIUIEHKH, YTO TMOJA-
TBEPXKIAET MOJIyUYCHHbIE paHee JaHHbIE O CIOCOOHOCTH
V. cholerae oOpa3oBbIBaTh MOHOBHJIOBBIC M CJIOXKHBIC
OuoIIEHKH Ha XUTHHE U racTuke [14-17].

Bce mnankToHHBIE KYBTYpHBI IITAMMOB V. cholerae
El Tor mposiBisiaM ycTOWYMBOCTH K TPUMETONPHUMY/
cynb(amMeTokcazony U (¢ypazonunoHy. TOKCHTEHHBIE
mrammel (ctxtep®) V. cholerae El Tor 19667 u V. cho-
lerae El Tor 81 nonoaHUTEIHHO OBUIH HEYYBCTBUTEIIb-
Hbl K HJIAJUKCOBOM Kucnore. INIaHKTOHHBIE KIIETKH
E. coli Obinmy 4yBCTBUTENBHBI KO BCEM HCCIICAYyEMbIM
ABII (Ta6u. 1).

B cocraBe MOHOMHUKPOOHBIX OaKTepHaIbHBIX
CO0OIIEeCTB, HE3aBHUCHUMO OT cyOcTpara oOpa3oBa-
Hus, KIeTtku V. cholerae n E. coli oxa3amuch MeHee
BocnpunMunBhl K AeiictBuio ABII, 3nauenuss MIIK
KOTOPBIX 10CTOBEpHO yBenunuunuck (p <0,05) B cpas-
HEHUH CO 3HAYCHUSIMH JJISl MJIAHKTOHHBIX KYJIBTYP.
Mo 256 pa3 Bo3zpocnu 3HaueHuss MIIK npenaparos,
K KOTOPBIM IITaMMBbl OBIJTM PE3MCTEHTHBI, & BEIHYH-
Ha MIIK aHTHOMOTHKOB, COXPaHSBIINX aKTUBHOCTb
B OTHOLICHHH TUIAHKTOHHBIX KYIBTYD, AOCTHUIJIA IO-
Kazaresied yctoluuBbix (Tabm. 1). [Ipu 3TOM ypOoBEeHb
AHTHOMOTUKOYCTOMYMBOCTH HCCIENYEMbIX KYJIBTYP
B OMOIUIEHKAaX, 00pa30BaHHBIX Ha XUTHHE U IUIACTH-
Ke, OBbUT OIMHAKOB, 338 HCKIIIOYEHUEM YCTOMYUBOCTH K
TETPALUKIUHY H JICBOMHLETUHY Tamma V. cholerae
O1 El Tor 19667, koTopast JOCTOBEPHO OTJIMYAJIACh B
2-8 pas.

[ony4eHHsle naHHBIE coriacyloTcs ¢ HaOmoxe-
HUSIMU 3apyO€KHBIX aBTOPOB O OOJIbIIEH aHTHOUOTHKO-
ycroiunBocTH mramma V. cholerae 0139 MOI10
(MTCC 3906) B coctaBe OMOIIEHKU B CPaBHEHUU C
€ro rIaHKTOHHOH (opmoit [18].

AHTHOMOTHKOYYBCTBUTENBHOCTE E. coli u V. cho-
lerae B cocTaBe CIIOXHBIX OHOMIEHOK, 00Pa30BaHHBIX
IOpU WX COBMECTHOM KYJIBTUBHPOBAaHHH, JOCTOBEPHO
HE OTIMYAJIACh OT UX UYBCTBUTEIHLHOCTH B MOHOBHUIO-
BBIX OMOIUIEHKAX, MOTYYEHHBIX KakK Ha IUIACTHKE, TaK U
Ha xuTHHE (TadI. 2).

Hckmrouenue cocTaBuil JOKCUIMKINH, 3HAYCHUS
MIIK koToporo B oTHoweHUH mtamma V. cholerae O1
El Tor 19667 B cnoxHoli Ouomi€Hke, 00pa30BaHHOM
Ha XWTHHE, JOCTOBEPHO MPEBbIaNHU (B 2 pa3a) 3Haue-
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uust MIIK B cinoxxHoli Onomnénke, 00pa3oBaHHON 3TUM
[ITAaMMOM Ha JaHHOM CyOCTpaTe.

IMToxncuér KOE MeT010M UCTOLIAIOINX MA3KOB-OT-
MeYaTKOB [T0KA3aJl, YTO B CMELIaHHBIX OMOIUIEHKAX Mpe-
obmananu knetku V. cholerae (KOE Obuto Gosbinie Ha
1-2 nopsiaka). BoaMokHO, 3TO cBsI3aHO ¢ OO0JIBIIEH CKO-
pocThio (hopMHUpOBaHHS 3penioid OHomnéHku y V. cho-
lerae,uem y E. coli [19].

O6cyxpeHune

V. cholerae B cocraBe MOHO- U TOTUMHUKPOOHBIX
COOOIIECTB, B OTIAMYUE OT IUIAHKTOHHBIX KYJIBTYP,
oOnananu Gosee BHICOKOW pe3ucTeHTHOCThIO K ABIIL.
JlaHHBIE NUTEpaTypbl CBUIETEIBCTBYIOT O MEHBIIEH
YyBCTBUTEJIBHOCTH OUOTUIEHOK V. cholerae, BbipaiieH-
HBIX Ha XUTHHE, K BO3JEHCTBHIO (PAKTOPOB OKPYKal0-
LIEW cpeapl, B YaCTHOCTH K JIE€MCTBUIO MPOCTEUIINX,
B CpaBHEHMHM C OHMOIUIEHKaMH, 0Opa3oBaHHBIMU Ha
a0MOTHYECKHUX MOBEpXHOCTAX [20], omHaKko B HaIIeM
HCCIEJIOBAaHUU TMOBBIIICHWE aHTUOMOTHKOYCTONYN-
BOCTH Ha XUTHHE MOKa3aHO JIUILIb K TETPALMKINHY U
TOJIBKO Y OIHOTO TOKCUTEeHHOTO mtamma V. cholerae.
B oTHOIEHHMH Apyrux WccielOBaHHBIX LITAMMOB HE
BBISIBJICHO 3aBHCHMOCTH aHTHOMOTHKOYCTOWYHMBOCTH
oT cyOcTpara, Ha KOTOpOM 00pa3oBajach OUOTUIEHKA.
Hannbiii pakt TpeOyeT MpoAOKEHHs] aHaJOTHYHBIX
HCCIe0BaHuM, HO, IO BCE BUAUMOCTH, cyOCTpaT He
SIBIISIETCS. OTPEACTISIONIMM B IPOSIBIICHUN YCTOHYUBO-
CTH K aHTMOMOTHKaM y OakTepuil B OMOIUIEHOYHBIX
cooO1ecTBax, BeAb MEXaHH3Mbl AaHTHOMOTHUKOPE3U-
CTCHTHOCTH B OMOIUIEHKAX WMEIOT YHHBEPCAJIbHBIH
XapakTep M He 3aBUCST OT MOBEPXHOCTU, HA KOTOPOH
OHM 00pa30BaHEI.

OHUM U3 MEXaHU3MOB MOBBIIICHHON YCTOWYNBO-
CTH OMOTUIEHOK SIBJIICTCS TPEXMEPHAsI CTPYKTypa dK30-
MOJMCAaXapuIHOTO MaTPUKCa, KIIOYEBBIMU JI€TEPMU-
HAaHTaMHU KOTOPOH city:kaT MaTpuuHble Oenku RbmA,
RbmC u Bapl, perynupytomias npoHUKHOBEHHE pa3-
JUYHBIX BellecTB B OMOIUEHKY [21]. BompmmHcTBO
KJIETOK OMOTUIEHKH HAXOAATCS B CTAIIHOHAPHOM COCTO-
SIHAUU ¥ TIPECTaBISIIOT COOON CISIINE KIETKH-IIEPCH-
CTEpBl, UMetoUne (PEHOTHI, OTIMYHBIA OT MJIAHKTOH-
HBIX KJICTOK, W SBISIOMIMECS Ooliee YCTOMUUBBIMH K
(dakTopam okpyxatomiel cpensl [22]. Dkcnpeccus re-
HOB MHOXCCTBEHHOH JIEKaPCTBEHHOW YCTOMYMBOCTH
BHYTpH OMOIJIEHKH MOXKET NPUBOAMTH K W3MEHEHUIO
0eJIKOB BHEIIHEW MeMOpaHbl KJIETOK, MPOAYKIUH (ep-
MEHTOB, CBSI3aHHBIX C PE3UCTEHTHOCTHIO, N3MEHEHUIO
B JIESITETILHOCTH HACOCOB OTTOKA JICKAPCTBEHHBIX Mpe-
naparos [23]. JIpyroit MexaHu3M — 3TO npuoOpeTeHue
T€HOB MHOYKE€CTBEHHOH JIEKAPCTBEHHOW yCTOMYMBOCTH
IIyTEM TOPU3OHTAJIEHOTO MEPEeHO0Cca, YacToTa KOTOPOro
B OMOTIEHKE BHIIIE, YEM B IUTAHKTOHHOM PEXKUME pOCTa
[24,25]. 'eneTnueckas aganTaiusi ¥ 3BOIIOKS, TPOUC-
XoJs1ue B OMOTIIEHKAX, IPUBOIAT K 0TOOpY cyOmomy-
JSIIKHA ¢ GONbLIEH C1I0COOHOCTBIO MPOTHUBOCTOSTD TEKY-
mieMy U OyayiieMy BO3JICHCTBUIO aHTHOMOTHKOB [26].
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

B HameMm uccnenoBaHUM HAPACTaHUE YCTOMYHMBOCTH
mraMMoB V. cholerae K cTpenTOMHULINHY, TPUMETOIPU-
My/Cyib(haMeTOKCa30Jly M HaJUIUKCOBOW KHUCIOTE B
OMOMNEHOYHON PopMe MPH HAIWYHUU PE3UCTEHTHOCTH
Kk ganHbM ABIT y mumaHkToHHO# (OopMBI TOATBEPKAA-
€T HaJnyhe B OMOIUIEHKAX Hapsiay C KIaCCHUYECKUMHU
TUTIAMU YCTOMUUBOCTH, XapaKTEPHBIMH IS TUNIAHKTOH-
HBIX (popM OakTepwuii, ciequPHUIEeCKNX BapHaHTOB pe-
3UCTEHTHOCTH, BO3HUKAIOUINX B OMOTIIIEHKAX.

B monmuMukpoOHBIX COOOIIECTBAX MEKBHUIO-
BbIC B3aMMOJICHCTBUSI MOTYT OKa3blBaTh BIUSHHUE Ha
YCTOWYHMBOCTh K aHTHMUKPOOHBIM CpeCTBaM, HaOIo-
JaeMyro B OHWOIUIEHKaxX M3 OgHOro mramma [8, 27].
IIpucyrcrBre pa3HbIX NApPTHEPOB JENAET CTPYKTYpPYy H
¢dyHKIHMIO coobiIecTBa OoJiee CIIOKHBIMH. B MexaHu3M
3alIUTHl BKIIOYAIOTCS MEXBUIOBBIC CHUTHAIBI, (PU3UO-
JIOTHS KJIETOK M TeHeTH4ecKas MIaCTUYHOCTD, CBSI3aH-
Hasi CO CTPYKTYPHBIM MPOCTPAaHCTBEHHBIM pPacIojo-
KEHHEM U apxuTekTypHoil auddepenumanueit [28].
N3-3a KOHKYpEHTHBIX B3aHUMOJCUCTBUI OHOJIOTHYe-
CKHE XapaKTepUCTUKU U XUMHUYECKUI COCTaB MOHOBU-
JOBBIX M TOJTMMHUKPOOHBIX OHMOTUIEHOK MOXKET CHIIBHO
pasnuuatbes [29, 30]. Tak, npucyTcTBHE KOMMEHCAIb-
Holl E. coli yBenuuuBano obpa3oBaHue OHOIIEHOK V.
cholerae Ha TpaHmile pa3zjiena BO3ILYyX—KUIKOCThb in
vitro v 00pa30BaHUE MHOTOKJICTOYHBIX CKOILICHUM, 110~
XOXKHMX Ha OMOIUIEHKY, B ekanusix Mpimei [31]. Takum
00pa3oM, paziIuyHble BUIbI OaKTEpHUil, BXOISAIIUX B CO-
cTaB OMOIUIEHKH, MOTYT BIIHMSTh Ha €€ apXUTEKTypy H
¢yHkuy. B HameM ucciaeqoBaHUH B TTOJIUMHUKPOOHBIX
Oouomnénkax, o0pa3oBaHHBIX V. cholerae coBMeCTHO C
E. coli, B cpaBHeHUU ¢ MOHOOHMOIUIEHKaMH, HaOJIO1a-
JIOCh TIOBBILICHUE YCTOMYMBOCTH OJHOTO TOKCHTEHHO-
ro mramma V. cholerae K JOKCUIIUKIIMHY, YTO CBHJIC-
TENBCTBYET O TOM, 4To 3 dexruBHOCTH ABII B cocraBe
MOJMMUKPOOHBIX COOOLIECTB 3aBUCHUT HE TOJNBKO OT
Bua OakTepuii, oOpasylomux OUOMIEHKY, HO U UMEET
WHAWBUAYalbHBIE IITAMMOBBIE OCOOCHHOCTH.

BbiBOAbI

1. V. cholerae B coctaBe OMOIUIEHOK, CPOPMUPO-
BaHHBIX Ha OMOTUYECKHX U aOMOTUYECKUX MOBEPXHO-
CTsIX, 00JIQ/Ial0T TIOBBIIICHHOW aHTHOWOTUKOYCTOWYH-
BOCTBIO B CPAaBHEHUH C IUIAHKTOHHOH (popMOii.

2. Pa3nmuuusi B aHTHOMOTHKOPE3UCTEHTHOCTU V.
cholerae B cocTaBe MOHOBUIOBBIX U CJIIO)KHBIX OHOILIE-
HOK B MCHBIIICH CTEIICHHU 3aBUCST OT CyOCcTpara o0paso-
BaHUs U B OOJIbIIICH CTENICHU HOCSIT WHIUBUIYaTbHBIN
XapakTep, CBA3aHHBIN ¢ KOHKPETHBIM IITAMMOM, 00pa-
3YIOIUM OHOTIEHKY.

3akniouyeHuve

CnocobHoctb V. cholerae dpopmupoBath Ha OHO-
THYECKHUX U aOMOTUYECKUX MMOBEPXHOCTIX OMOMIEHKH,
oOJiajjaroIire TMOBBIINICHHOW aHTUOMOTHKOYCTONYMBO-
CTBIO, MIOTYEPKUBACT OMACHOCTh UX PACIPOCTPAHEHHUS
WU COXpaHEHUs B OKPY’KaloUIEH cpene, Co30aéT AOMOo-

HUTEJbHBIE TPOOJIEMBl B OTHOLICHUH HCIIOIB30BaHUS
AHTUOMOTHKOB M TpeOyeT pa3padOTKH allbTEPHATHBHBIX
CTpaTeruil CHUXEHUS pe3ucTeHTHOCTU. [Ipu aTOM cie-
JlyeT y4MTHIBaThb HAJIMYUE MEKBUIOBBIX B3aUMOJCH-
CTBHI B CIOXHBIX COOOIIECTBAaX, COCTOSIIUX U3 Oak-
TEpUN PA3HBIX BHUJIOB, KOTOPHIE MOTYT PErylIMpOBaTh
YCTOMYMBOCTh OMOIUIEHOK K BO3JICHCTBUIO BHEIIHUX
¢axropoB, B ToM uucie ABIIL, a Takke mTamMMoBEHIE
pasnnyus.
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Fymopaanblﬁl NMMMYHUNTET K KOKniowy y MeanLynHCKNX pa60THI/IKOB
Camoposa O.B., Kpurep E.A.”, PorywmnHa H.J1., 3Be3guHa 10.M., LLlarpos J1.J1.

CeBepHbll rOCyAapCTBEHHbIN MeAULMHCKII YHUBepcuTeT, ApxaHrenbck, Poccna

AHHOMauus

BeepneHue. BakunHaums sensietca cambiM 3 deKTUBHBIM CNOCO60M NpodmnakTUkm MHAEKLMOHHbBIX 3abonesa-
HUIM. HedocCTaToOuHbIV OXBAaT BakuMHaUMen MeaULIMHCKNX paboTHMKOB — cepbésHas npobrnema Bcex yupexae-
HWUIA 3apaBooxpaHeHns. OTcyTcTBMe cneumndmnyeckon 3almTbl NPOTMB KOKMoWwa obycnosnueaer puck 3abone-
BaHWSA MeOULUMHCKMX pabOTHMKOB, B Cry4ae KOTOPOro OHW CTAHOBSITCSt MCTOYHMKOM MHMEKUMN ANs NaLneHToB.
Kokniow — ogHa 13 Hambonee akTyanbHbIX BaKUMHOKOHTPONMPYEMbIX MHEKLMA, 40 HACTOSLLEro BpeMeHU
ocTaeTcs npobnemon 06LLECTBEHHOIO 30PaBOOXPAHEHUSA BO MHOIMMX CTpaHax, HECMOTPSi HA BbICOKMI OXBAT Bak-
unHaumen getein. PeBakumHaumsi B3poCchbix MPOTMB KOKMIOWA He BKMoYeHa B HaumoHanbHbIN KaneHaapb npo-
dunakTmyeckmx npuBmBok Poccuiickon ®egepaunn.

Llenb paboTbl — oueHKa rymopanbHOro MMMyHUTETa K KOKMIOWY Y MEANLMHCKMX pabOTHMKOB MHIPEKLIMOHHbIX
cTauMoHapos.

MaTepuanbl U mMetoabl. [TpoBegeHO nonepeyHoe MCCneaoBaHne C ydactvem 252 MeauuMHCKMX paboTHu-
KOB. Y4YaCTHUKM MCCreaoBaHus npownu onpoc u 6einn obcnegosaHbl Ha aHTuTena (MMMyHornobynuHel G) k
Bordetella pertussis metogom MMyHOEPMEHTHOrO aHanmaa.

Pe3ynbrathl. [lons MeauUMHCKNX paboTHMKOB, CEPOHEraTMBHbIX K KOKMoLWY, cocTasuna 46,8%, meanumHCKnx
pabOoTHUKOB C HEU3BECTHbIM BakuMHanbHbIM cTaTtycom — 40,5%. Bonee nonosuHbl (55,6%) y4acTHuKoOB nccne-
AoBaHWs O6bINy BakumHUpoBaHbl, 3,9% nepebonenu koknoweM B geTcTee. HeaaBHsAs nHdekumsa bbina yctaHoB-
neHa y 8,0% y4acTHMKOB, MMEBLLNX YPOBEHb aHTUTEN K Bordetella pertussis Bbiwe 50 CBEa/mn. Jonsa cepoHe-
raTmBHbIX K kokntowy (55,2%) 6bina Bbilwe B Bo3pacTHoW rpynne mornoxe 30 neT B cpaBHEHUW C ApYrMMy BO3-
pacTHbiMK rpynnamu. MeguaHa KOHUEHTpauMn NPOTUBOKOKITIOLWHBIX aHTUTEN Y CEPOMO3UTUBHBIX MEANLIMHCKUX
paboTHuko — 28,3 CeBEa/mn.

3akntouyeHue. Hanvyve 3HauymTenoHOM Jonu cepoHeratneHbiX (46,8%) 1 nepeHEcLumMx OCTpyto MHpeKumio noa-
TBepxaaeT HeobxoAMMOCTb ONTUMK3aLUK cneumdryeckon NPodUNakTUKN KOKMoWwa, B TOM YMCre MMMyHU3a-
LM rpynn p1cka, K KOTOPbIM OTHOCATCA MEAULMHCKNE PabOTHUKW, C LieNbi0 CHKEHNS PUCKOB BO3HUKHOBEHWS
MHpeKUNIA, CBA3AHHBIX C OKa3aHMeM MEeOQULMHCKON MOMOLLN.

KnroueBble cnoBa: sakyuHayusl, eyMopaanb/ﬁ umMmMyHUmMmem, ceporipegasieHmHoCmb, MeduUUHCKUE pa6omHu-
KU, KOKnow

Amuyeckoe ymeepxdeHue. ccnenoBaHne NpoBoAMIIOCh Npy AOGPOBONBHOM MHADOPMUPOBAHHOM COFflacumM naum-
eHToB. [poTokon nccnegoBaHus ogobpeH KOMUTETOM Mo 3TUke CeBepHOro rocyapCTBEHHOrO MEeAMLMHCKOrO YHUBEP-
cuteta (npotokon Ne 01/04-22 ot 29.04.2022).

UcmoyHuk ¢huHaHcupoeaHusi. BHyTpuBy3oBckuii rpaHT rEQY BO CI'MY M3 Poccuu no ntoram KoHKypca Ha nyud-
LUMe NPOEKTbl MOMNOAbIX YYEHbIX MO MPUOPUTETHLIM HaMpaBneHUsM UHHOBaLUMOHHOrO pa3suTus CIMY (npukas pektopa
Ne 9 ot 26.01.2021).

KoHgbriukm unmepecoe. ABTOpbl AEKNapUpyOT OTCYTCTBME SIBHbIX Y NOTEHUMArbHbLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLEen cTaTbi.

Ana yumuposeaHusi: Camoposa O.B., Kpurep E.A., Porywwuna H.J1., 3Be3gmHa KO.M., Warpos J1.J1. MymopanbHbIi
MMMYHUTET K KOKMIOLWY Y MEAMUUHCKNX paboTHUKOB. XKypHan Mukpobuonoauu, anudemuornoauu u uMmyHobuonoauu.
2023;100(2):196-202.
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Abstract

Background. Vaccination is the most effective way to prevent infectious diseases. Inadequate vaccination
coverage among healthcare workers is a major concern for healthcare organizations. The lack of specific
immunity against pertussis represents the risk for acquiring a healthcare associated infection by medical staff
but also of being a source of infection to patients. More than 70% of all healthcare associated infections are
vaccine-preventable. Pertussis remains one of the most important vaccine-preventable infections and continues
to be a public health concern even in countries with high vaccination coverage among children. Revaccination of
adults against pertussis is not included in the National vaccination schedule of the Russian Federation.

Aim. To assess the humoral immunity against pertussis among healthcare workers of the infectious disease
hospitals.

Materials and methods. We conducted a cross-sectional study that included 252 healthcare workers. All study
participants were surveyed and tested for antibodies (immunoglobulins G) against Bordetella pertussis by enzyme
immunoassay.

Results. The proportion of healthcare workers seronegative for pertussis was 46.8%. The healthcare workers
with unknown vaccination status amounted to 40.5%. More than half (55.6%) of the participants have been
vaccinated and 3.9% of them have had pertussis in childhood. A recent infection was confirmed in 8.0% of
participants who had the level of antibodies to Bordetella pertussis greater than 50 U/ml. The largest proportion
of participants seronegative to Bordetella pertussis (55.2%) was observed among those under 30 years. The
median level of antibodies against pertussis in seropositive health workers was 28.3 U/ml.

Conclusion. The significant proportion of seronegative participants (46.8%) and those who had the recent
infection underline the necessity of the improvement of pertussis prevention by implementation of vaccination in
the risk groups, including healthcare workers to reduce the risk of healthcare associated infections.

Keywords: vaccination, humoral immunity, seroprevalence, healthcare workers, pertussis
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BeBepeHune

Bakuunauust sBusercss caMbiM 3 (HEKTHBHBIM
CPEICTBOM MNPOQUIAKTUKH HH(PEKIMOHHBIX 3a00Je-
BaHui. OJHAKO COMHEHHS B OTHOILIEHHM BaKIMHAa-
oy uian GeHoMeH, 0003HaYaeMblii B JIUTEpaType Kak
«vaccine hesitancy» (HepemIUTENTbHOCTh B OTHOIICHUH
MIPUBHUBOK), — SIBIIEHUE, B HACTOAILIEE BPEMs IIMPOKO
pacnpocTpaHEHHOE HE TOJIBKO CPEAM HACENEHHsI, HO
U cpelu MEIUIMHCKUX paboTHHKOB (MP), koTtophie B
nponecce NpodecCHOHANBLHON NEesTeIbHOCTH HUMEIOT
MOBBIILICHHBIH PUCK HMHOUIUPOBAHUS Pa3TUIHBIMU
naroreHamu. Ilo onenkam BceMHMpHOHR opraHuzanuu
snpaooxpanenus (BO3), npumepro 59 mian MP mo
BCEMY MHpPY €KEAHEBHO KOHTAKTHPYIOT C ONAcCHBIMHU
OMOJIOTMYECKUMH areHTaMu, U, HECMOTPSI Ha 3TO, B Lie-
oM oxBat BakuuHanueir MP ouenp Hu30k [1].

Henocrarounblii oxBar BakmuHanuein MP sBng-
eTcs cepbE3HON MpoOIeMoil BceX YUpeKICHUH 3apa-
BOOXPaHEHHS, TOCKOJIBbKY OTCYTCTBHE CHELU(PUUECKON
3amuTel 'y MP, ¢ 0gHON CTOpPOHBI, CO3HAET PUCK UX
3apaKeHUsl yIpaBisieMbIMH HHOEKIUSIMH B TpoLecce
npodecCHOHATBHON AEATEILHOCTH, C JPYTOH — PUCK
3a00€eBaHMsl MALMEHTOB, /U1 KOTOPBIX MEpCOHAN Me-
JUIIMHCKOM OpraHu3alliy CTAHOBUTCS HCTOYHUKOM HH-

(hexuui, CBI3aHHBIX C OKa3aHUEM MEIUIIMHCKOM TTOMO-
i, 6onee 70% M3 KOTOPBIX (TPHII, KOPb, BUPYCHBIE
TelaTUThl, KOKIIIONI) SBJISIFOTCS BAKIMHOKOHTPOJIUpYe-
MBIMH, T.€. IPEAOTBPATUMBIMHU [ 1, 2].

OnHoM U3 aKTyaJbHBIX BAKIMHOKOHTPOJIUPYEMBIX
WHQEKIHH, a Takke MHQEKIHH, CBI3aHHBIX C OKa3a-
HUEM MEIUIMHCKON MOMOIIHM, MOXKET OBITh KOKJIIOIL,
BCIBIIIKA KOTOPOTO YacTO PETUCTPUPYIOTCS B OTIEIe-
HUSX HEOHATAJbHOTO MPOQHIS U POAMIBHBIX OMaXx.
JlarHocTrKa BCOBIIKHA KOKITIOIIA CPEId COTPYIHUKOB
poauneHOoro noma B Xammmupe (BenuxoOpuranus)
Oblla 3aTpyAHEHa W3-3a CE30HHOTO MOAbEMa pECIu-
paTropHbIX WHGEKIUHA BEPXHHUX ABIXaTEIbHBIX ITyTEH.
Haubonbmemy prucky ObLIH MOABEPKEHBI JKEHIIMHBI CO
cpokoM OepeMeHHOCTH Oonee 32 Hel, KOTOpble He Obl-
JIM TIPUBUTHI OT KOKJIIOIIA BO BpeMsi OEpEeMEHHOCTH, U
MP, He nony4asiye MIPUBUBKY OT KOKJIIOLIA B TCUCHUE
npeaslaynmx 5 aer [3].

HoBopoxnéunble U A€TH paHHEro Bo3pacrta, ro-
CIHUTAJIU3UPOBAHHBIC B OT/JCIICHNUSI MHTCHCHUBHOM Tepa-
UM HOBOPOXKAEHHBIX, COCTABIISIIOT TPYMITy Hanbolee
BOCTIPMMMYHBBIX MAIIMEHTOB, YUUTHIBAs HEaJeKBATHBIN
WMMYHHBI OTBET M OTCYTCTBHE BakUHMHanuu. Hau-
OoJbIIEMY PHCKY KOKIIOIIA, CBA3aHHOMY C OKa3aHHUEM
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MEIULIMHCKON TIOMOIIY, TO/IBEPKEHBI HEIOHOIIEHHbIE
JIETH B CBSA3U C OTCYTCTBUEM WUJIM HU3KUM YPOBHEM Ma-
TEPUHCKUX aHTUTEIL. B 3TOM rpyIe KOKIILI XapaKTe-
pHU3yeTcs BHICOKOM JIETaNbHOCTBIO, TSIKECTBIO TEUEHUS
Y pa3BUTHEM OCJIOKHEHWH B BHUJIE THEBMOHUH, allHO?,
cynopor u sHiedanonaruu [4]. Benblmkun HO30kOMU-
aJbHOTO KOKJIIOIIA ONMMCAHBI M CPEIU B3POCIBIX Maly-
€HTOB, IPEUMYIIIECTBEHHO UMMYHOKOMIIPOMETHPOBaH-
HBIX [5], a Takke Cpeau mepcoHania XUPYPrudecKoro
rocnuTang [6].

Koxurom octaércss mpobieMoii  00IecTBEeHHO-
TO 3[paBOOXpPAaHEHHs] BO MHOTHX CTpaHaX, HECMOTpPS
Ha BBICOKMM OXBaT BakuuHauuen nereii. B Poccuu ne
periaMeHTHpOBaHa PEBAKLMHALMS B3pPOCIBIX MPOTHB
KOKJIIOIIIA, TI0ATOMY, YUHUTHIBasi HEMPOJOIKUTENHOCTD
MOCTBAKIIMHAJILHOTO MPOTUBOKOKIIIOIIHOTO HMMYHHU-
TeTa, POPMUPYETCs 3HAUNTENbHAsE KOrOpTa B3pPOCIbIX,
BOCTIPUMMYHBBIX K 3TOH HH(EKIUH, YTO CIIOCOOCTBYET
NOAJEPKAHUIO AMHIEMUYECKOTO Mpoliecca U HHPHIIHU-
POBaHUIO IETEN PAaHHETO BO3PACTa, HE 3AIUILEHHBIX OT
koxuroma [7]. Kpome Toro, y B3pOCHbIX, B OTIUYHE OT
JieTell paHHETO BO3pacTa U MOAPOCTKOB, JUINTEINbHOCTh
COXpaHEeHUs Kalllis ocje OCTPOro Nepuoja MoXeT J10-
crurarb 100 mHel, 4TO 3HAYUMO YBEIMYMUBAET MIEPHUO
HETPYIOCIIOCOOHOCTH M TpeOyeT IIMTENLHON peadu-
nuTanuu [8].

OnHoil 3 3amau Crpareruu pa3BUTHS UMMYHO-
NpOoQHUIAKTUKA MHPEKIMOHHBIX O0Je3Hel Ha MepuoA
no 2035 r, ytBepxkaEéHHOHN pacnopskeHueM llpaBu-
tenscTBa PO Ne 2390-p ot 18.09.2020, siBnsieTcs pas-
paboTka mporpaMMm BaKIMHALUU MPOheCcCHOHATBHBIX
rpynmn, B ToM ynciae MP. C yuérom atoii 3aga4yu B yc-
JIOBUSIX MPOJOJDKAIOUIEHCA NaHJEMUM HOBOM KOpOHa-
BUPYCHOI nH(peKIuH 1enecoodpasHa oleHKa cepomnpe-
BaJICHTHOCTH MP K BaKIIMHOKOHTPOJIMPYEMBIM 3a00J1e-
BaHUSAM, OTYACTH €II€ U 0TOMY, yTo MP He B nonHoH
MepEe OLICHUBAIOT JIMYHBINA PUCK, CBSA3AHHBIN C UX MPO-
(deccuoHanpHON nesTenbHOCTRIO [9]. MccnenoBanus,
MOCBSIIEHHBIE U3YUYEHUIO TYMOPAJIbHOTO UMMYHHUTETA
K KOKITIOIHON uHpexkuuu y MP, HeMHOrouucieHHEI
[10-12]. Ucxoast u3 aToro, U3y4eHHue cepomnpeBaIeHT-
HOCTH Kokroma y MP siBiisieTcst akTyaabHbIM.

Henw nccnenoBanus: olUeHKa T'yMOPaIbHOIO M-
MYHHUTETa K KOKIomy y MP MH(pEKIMOHHBIX CTalHo-
HapoB.

MaTepman bl N meToAbl

[IpoBeneHo momepeyHoe HCCIENOBaHUE C yda-
ctueM 252 MP MHQEKIMOHHBIX OTACICHHIA ApXaH-
reJbekoi obnactu (ApxaHrenscka, CeBepOABHHCKA U
Horoasuncka) — crutomiHas BeiOopka. MccnenoBanue
BKJIIOYAJIO OMPOC M 3a00p BEHO3HOW KPOBH ISl Ompe-
JeneHus ypoBHs UMMYyHoroOynuHoB knacca G (IgG)
K Bordetella pertussis. AHkera BKIJIIOYaia BOIPOCHI,
Kacaromuecs conuoaemMorpaduyeckux (1o, Bo3pacr)
U TPOPECCHOHANBHBIX XapaKTEPUCTHK YYaCTHHKOB
(momxHOCTB, cTax paboThl), a TaKKE CBEICHUH O TO-
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JTy4EeHHBIX TPO(UITAKTHIECKUX TPUBUBKAX (IPUBUBOY-
HBIN cepTU(UKAT) U IepEeHECEHHBIX 3a00ICBaHUSIX.

JlaGoparopHble HCCIIEIOBaHUSI MPOBOAMINCH Ha
0a3e IEeHTpaJbHOM HayuyHOU naboparopun CeBepHO-
IO TOCYIapCTBEHHOTO MEIULIMHCKOTO YHHUBEPCHUTETA.
I'yMopanbHBIii UMMYHUTET K B. pertussis OL€HUBAIN
MeToAoM UMMyHO(pepMeHTHoro ananuza (MDA), s¢-
(EeKTUBHOCTH KOTOPOTO ISl BEPU(PHUKAIMH KOKIIO-
ma Jo0Ka3aHa MHOTOYHCIIEHHBIMH HCCIIEOBAHUIMHU.
YCTaHOBIIEHO, YTO M3 BCEX HMEIOIIMXCS B HAcTOS-
miee BpEMs OYMIIEHHBIX AHTUTCHHBIX IPENaparoB
KOKJIIOITHOW OakTepuu MpeANOoYTeHHE JOKHO OTHa-
BaThCsl KOKIIOINIHOMY TOKCHHY M (HIAMEHTO3HOMY
remarniioTiHUHY [13]. OTCyTCTBHE OTEYECTBEHHBIX
TECT-CUCTEM orpaHuuuBaeT npumeHenue MDA s
CEpOJIOTUYECKON JMAarHOCTHKU Kokmroma B Poc-
CUH, TI03TOMY HCCJIEJOBAaHHE BBIIIOJIHEHO C MCIONb-
30BaHUEM JOCTYHHOH 3apyOeKHOH TECT-CUCTEMBI
«SeroPertussis IgG Savyon Diagnostics Ltd.», xoTo-
pas mpenHa3HayeHa JAJ1s MOJyKOJIMYEeCTBEHHOTO Ompe-
nenenus cnenuduueckux 1gG antuten k B. pertussis
meronoM W®A. IloBbllIEHHBIE YPOBHH AHTUTEN K
TOKCUHY Pertussis 1 BOJOKHaM TeéMarrIioTHHUHA SB-
JIAIOTCA YyBCTBUTEIBHBIMU CEPOJIOTHIECKUMH MapKe-
paMu Ui TUarHOCTHKHU KOKJIIOIIA y B3pPOCHBIX U He-
BaKI[MHUPOBAHHBIX JETEH.

CornacHo MHCTPYKIIMHU ITPOU3BOAUTEINS K TECT-CHU-
cTeMam, pesyasTar B auamazone ot 10 mo 50 ycios-
HBIX CBSI3aBIIMXCS enuHuIl cnenuduueckux 1gG k B.
pertussis B muumnutpe (CBEa/min) paciienuBaeTcst kak
MOJIOKUTENBHBIHN, npu KoHueHTpauu 1gG < 10 CeEn/
MJI — Kak oTpunarensHbid. Yposens IgG > 50 CBEn/
MJI yKa3bIBaeT Ha HENABHO NEPEHECEHHYIO HH(EKLHIO.

PesynbraTsl ccnenoBaHus MpeaCTaBlIEHBI C yKa-
3aHMEM YacTOT M JOJIeH JJs KadeCTBEHHBIX JAaHHBIX,
a Taxke MEJUaHbl, IEPBOr0 U TPEThEro KBapTHIEH —
JUIS. KOJIMYECTBEHHBIX JaHHbIX. [lJI1 cpaBHEHHS 4acTOT
u josneit ucnonb3zoBanu Tect ¥ [Mupcona. CpaBHeHue
cpeqHux B 2 U 3 rpynmnax ¢ HemapaMeTpUYECKUM pac-
MIpeJIelIeHneM JTAHHBIX MTPOBOJMWIOCH C UCIOIb30BaHU-
eM Tecta MaHHa—YutHu u Kputepus Kpackena—Yoi-
JIIca COOTBETCTBEHHO.

Pe3synbraTbl

Cpeny y4acTHUKOB HCCIEJOBaHHs IMpeoliagaiu
skeHIMHBL (94,8%). Meaununackue cECTphl COCTaBU-
mu 63,1%, Bpaun — 32,1%, BCioMOraTenbHbIN Tepco-
Hai1 — 4,8%. Bo3pact yuacTHHKOB BappupoBai ot 21
o 81 roma, menuana — 47 (38; 55) net. bonee 60%
cocrasisuin MP B Bozpacte 40—60 net. Craxk paboThI B
OT/AeNeHusIX HHPeKuronHoro npoduist mis 65,1% MP
npessiman 10 nert.

Honst MP, He UMEBIIMX aHTUTEIN K KOKJIIOILY, CO-
ctaBuia 46,8%. Y 45,2% IgG onpenensauch B Konuye-
ctBe 10-50 CBEn/Mi1, 4yTO mOATBEpkIaET HAIMYKE T10-
CTBAaKLIMHAJIBLHOTO WIN MOCTUH(PEKIMOHHOTO UIMMYHU-
teta. Y 20 (8,0%) MP ypoBeHs anTuTen K B. pertussis
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Bospacr, net | Age, years

> 60 47,6 | 47,6 4,8
51-60 42,7 46,7 4.8
41-50 46,8 46,8 6,4
31-40 48 | 44 n

<30 55,2 | 37,9 | 69 |

0%  10% 20% 30% 40% 50%  60%  70%  80%  90%  100%

O0< 10 Cse/mn | U/ml

010-50 Cee/mn | U/ml

®> 50 CeE/Mn | U/ml

KoHueHTpauus cneundmdeckunx aHtuten (IgG) k Bordetella pertussis y MP pa3sHbix BO3pacTHbIX rpynn.
Concentration of specific antibodies (IgG) to Bordetella pertussis in different age groups of healthcare workers.

npesbimann 50 CBEn/Mi, 49TO CBHICTEILCTBYET O
HEMIAaBHO TiepeHecEéHHOW WH(pEKIUU. bBOoJBIIMHCTBO
(70%) MP, HenaBHO mepeOONEBIIMX KOKIIOLIEM, pa-
00TaM CO B3POCILIMU MAlMEHTaMH, U TOJIbKO 30% —
¢ netbMu. CTaxx pabOThl B MHPEKITMOHHBIX OTJICIICHUSX
y 70% nepenecmux kokitom MP — Gonee 10 Jer.

KoHuieHTpanuss MpOTUBOKOKIIOIIHBIX AHTUTEN Y
cepono3utuBHeIXx MP Bapsuposana ot 10 go 75 CBEx/
MJI, MeauaHa cocraBuia 28,3 (16,7; 42,5) CBEx/mu.

Bricokuii mporieHT cepoHeraTuBHbIX JH1I (55,2%)
HaoOmonancs cpenu MP monoxe 30 net, B Gonee crap-
IIUX BO3PACTHBIX rpynmnax aons MP, He umeromux
aHTHTEN, BapbupoBana ot 42,7 mo 48,0% (pHCYHOK).
MenuaHbl KOHIICHTPAI[MK aHTHTE] HE Pa3IM4yaliuCh B
3aBUCHMOCTH OT 3aHUMaeMou fomkHoctH (p = 0,87) u
ctaxa pabots (p = 0,89).

Baknunanehsiii cratyc 40,5% MP Obut Hen3se-
cTeH, 55,6% cooOupuiy, 4yTo ObUTM BAaKIIMHUPOBAHBI
aJIcOpOMpPOBaHHOM  KOKIIOMIHO-AU(TepruitHO-cTOI0-
HSYHOW BaKIMHOW B JIETCKOM Bo3pacte, 3,9% Oonenu
kokmromeM panee. MP crapmie 50 ner (52,1%) gare
HE yKa3bIBaJIM BaKIIMHAJIBHOTO CTaTyca B OTHOIICHUU
KOKJTIOIIIA B cpaBHEHHH ¢ Gostee MosoabiMu (> = 14,0;
p<0,01). Cpennuii (42,2%) u M MEAUIIUHCKAN
nepcoHain (66,6%) Janie He 3HaJI CBOCTO BAaKI[MHAJIb-
HOTO CcTaTyca 1o cpaBHeHHIO ¢ Bpadamu (33,3%; ¥ =
12,9; p = 0,01). Hukro u3 obcnenoBanHbix MP He Obut
BaKIIMHUPOBaH/PEBAKIIMHUPOBAH MPOTHB KOKJIIOIIA BO
B3pPOCJIOM BO3pacTe.

VY nepeOoseBIINX KOKIIOIIEM, BKIIHOUAs TEX, KTO
Ooien B JIETCTBE, MEAUaHa KOHICHTPAI[MM AHTUTEIN

Obuta Beiie — 38,2 (24,9; 75,0) CBEn/Mn, yeM y Tex,
KTO MPHUBUT B JeTCKOM Bo3pacte, — 30,4 (16,9; 45,9)
CeEn/mi; p = 0,03.

O6cyxaeHne

MP — rpynmna BBICOKOI'O pUCKA BOBHUKHOBEHUS U
pacipocTpaHeHUs] BaKIUHOKOHTPOJIUPYEMbIX HH(EK-
uuii [1, 14]. Bo MHOTHX cTpaHax pa3paboTaHbl MpoO-
rpaMMbl BaKIMHAIIMA MEIMIIMHCKUX PaOOTHUKOB, CY-
LIECTBYIOT HOPMAaTUBHBIE JOKYMEHTBI, PENIAMEHTUPYIO-
M€ BaKUMHALMIO 3TOW IpyNIbl PUCKA, XOTS B LIEJIOM
oxBar npuBuBkamu MP nanék or ontumansHOro [15].
B Poccuu neneBble porpaMMbl BaKLIMHALUU WU CU-
CTEMHBIE PEKOMEH/IALIUHU 110 BakuuHauuu MP orcyTcTBy-
IO0T. BOJIBIIMHCTBO POCCUICKUX HAYYHBIX UCCIENOBAHUN
MOCBSIICHBI OlICHKE crieruduyeckoro ummyHurera MP
K Kopu [16], rpunmy, renatuty B, HOBoOI kKopoHaBHpycC-
HoW mHpekuun [17, 18]. IlpoBenénnoe uccneqoBanue
MO3BOJIMJIO OLEHUTH crienupuueckuii MmyHurer MP
WHQEKIIMOHHBIX CTAIIMOHAPOB, CPEAH KOTOPBIX JOJIsI He-
3alUIIEHHBIX OT KOKIIoIIa coctaBuiia 46,8%.

B TeueHuwe mnocCHeNHUX MAECATHUIECTAM OTMEUECH
pocT 3a00JIeBAEMOCTH KOKJIIOIIEM B MUPE, HECMOTPS Ha
BBICOKMH 0XBaT BakiuHaiuei nereit. C 1enpio yMeHb-
HICHUS OpeMEHH MH(EKIUY, YYUTHIBAs, YTO B3POCIIbIC
MOTYT OBITh UCTOYHUKOM MH(MEKIUU JUIS ACTeH, Mpe-
JIO)KEHBI HECKOJIBKO CTPaTErui BaKLIMHALIUHU B3POCIHBIX
MPOTHUB KOKIIIOIIA: BaKI[MHAIUA OCpEMEHHbBIX, CTpare-
rusi KOkoHa U BakiuHaiusi MP. B 9 crpanax BakiuHa-
uust MP oT kokJrolIa pekoMEHJ0BaHA Ha HAlMOHAJIb-
HoMm ypoBHe [7]. B CIIIA, Kanane, ABctpanuu, Hunep-
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nannax, [epmanuu u BenukoOpuTaHUM BaKIMHAIUU
npoTuB Kokmoma nompiexar Bce MP. Ho ocobenno
Ba)KHA 3alUTa OT KOKJIOIIA COTPYAHUKOB HEOHATaJIb-
HBIX, aKYIIEPCKUX, IEANATPUUECKUX OTJICIEHUH, KOTO-
PBIX BaKUKMHUPYIOT B ABcTpuu, Ounnsuaun, Hopeeruu
u bpasunuu [9]. [lo gaHHBIM cHCTEMaTU4YeCcKoro 0030-
pa B.A. Randi u coaBT., 0XBar BakurHauei KOHTPOJIH-
pyercs B CLIA u ®pannuu; B CILIA on cocraBui 6,1%
B 2007 . m moBeIcwics 10 45,1% B 2015 1., BO Opanimu
ObU1 MakcuManbHbBIM — 63,9% [9]. Hdons ceporo3u-
TUBHBIX B OTHOLLEHUHU B. pertussis MP B pa3HbIX cTpa-
Hax Bapeupyet: 11,4% B Tynuce, 29,4% B Urtanuu [9],
37,0% B Kopee [11], 60,4% B Typuuu [12]. B namem uc-
CJIEZIOBAHUH J0JIS 3alMIIEHHBIX OT KOKJIIOIIA, HECMOTPSI
Ha OTCYTCTBUE PElIaMEHTUPOBaHHOM B Poccuu Bakuu-
HAI[MK B3pPOCIBIX, cocTaBuia 53,2% u Obu1a comocra-
BHMa B JJAHHBIMU, IIPEJICTABJICHHBIMH B OMHICATEILHOM
0030pe R. Squeri u coarr., — 40,0-63,9% [14].

Hanuune 3HaYMTENBHON [OJIM CEPOHETATHBHBIX
YYaCTHUKOB MpPOBEAEHHOrO uccienoanus (46,8%) B
yenoBusix na"aemun COVID-19 coznaér onpenenén-
HbIC PUCKHA BO3HUKHOBEHHMSI BCIIBIIICK KOKIIOIIA B MH-
(heKIMOHHBIX OTICIICHUSIX CTAIMOHAPOB [4], rie narm-
entel ¢ COVID-19 npenctaBisioT JOCTaTOUHO YSI3BH-
Myto rpynmny. B uccnenosanun, npoenénnom B Kurtae,
YCTaHOBJIEHO, 4TO y manueHtoB ¢ COVID-19-nues-
MOHHEW YacToTa BBIJEIEHUs B. perfussis cocTaBuia
10,3%, 4yTO 3HAYUMO BBILIE, YEM y MAIUEHTOB C ITHEB-
MOHHEW W OTpULATENFHBIM PpE3YyIbTaTOM 00cieno-
Banusa Ha Hamuuue SARS-CoV-2 — 4,25% (y* = 5,6;
p = 0,02) [19]. Cnasmarnueckuil mpUCTYHOOOpa3HbIH
Kallellb, OOYyCJIOBJICHHBIN B. pertussis, ciocoOCTBYET
pacnpoCTpaHeHUI0 a3pOTreHHBIM IYTEM HE TOJIBKO BO3-
OyauTeNsl KOKIIOMA, HO U KOpPOHAaBUpYCa, TMONABIISET
(YHKIMIO UIMMYHHON CHCTEMBI U BBI3bIBACT pecrupa-
TOPHBIC HAPYIICHHUS.

VY 8,0% obcnenoBanubix HamMmu MP ypoBenb aH-
TUTEN K B. pertussis Ob1 Boicokum (> 50 CBEx/min),
YTO yKa3blBaeT HA HEJABHIOI HHQEKIHIO0, KOTOpasi,
BEPOSITHO, MPOTEKaNa B JETKOW WM CYOKIMHHYECKOM
¢dopme, uTo HauboJIee XapaKTEPHO ISl B3POCIBIX, T.K.
Ha (aKT NepeHecEHHOro KOKIIOIa HUKTO M3 PECIOH-
nentoB He ykazan [20]. Pesynwsrartel ucciemoBaHus,
IIPOBEIEHHOTO B YHUBEPCUTETCKOM IE€JUATPUYECKOM
rocrutane Typuuu, BBISBWIA 3HAUYUTEILHO OOJBIINH
yaenbHbld Bec MP ¢ HelaBHO NEpEeHECEHHBIM KOKIIIO-
mem — 21,3%, 4To MOeT OBITh CBSI3aHO ¢ poduiem
craronapa [12]. B uccnenoBanuu kopeickux yuéHbIX
nonst MP ¢ octpoii uadekiueit cocrasmna 0,8% [11].

Bonbiias yacte ceponeratuBHbIX (55,2%) K KOK-
monry MP B Hamiem uccienoBaHWU ObLia BhISBIICHA
B BO3pacTHOH rpymme 10 30 JeT, 4To0 MOXXHO 0OBbsic-
HUTh YTPaTrodl MOCTBAaKIMHAILHOTO HMMMYHHUTETa, a
YBEJIMYEHHE JOJIM CEPONO3UTUBHBIX B TpyMIE CTap-
ure 50 ner (56,3%) — Hanu4YueM CKPBITON LHUPKYIs-
uuu B. pertussis, 94T0 cOCOOCTBYeT 3aMEHE MOCTBaK-
[UHAIBHOTO MMMYHHUTETa Ha NOCTUH()EKIIMOHHBIH,
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YMEHBUICHUO J0Jau BocnpuuMuuBblx MP, HO yBe-
JIMYMBAET PHUCK KOKJIIOIIA, CBSI3aHHOTO C OKa3aHUEM
MEAMLIMHCKOX TOMOIIH, I TOCIUTAIU3UPOBAHHBIX
marnueHToB [21].

Hu BakumHaius, HM nepeHecEHHast MHPEKIUSI HEe
(hOpMHPYIOT IOXKU3HEHHOTO UMMYHHTETA K KOKIIOLTY,
TEM HE MEHEE MCCIEIOBATENM OTMEYAT MEHBIIIYIO
MIPOAOJIKUTENBLHOCTD NTOCTBAKIIMHAIEHOTO HMMYHHTE-
Ta B CPAaBHEHHH C MOCTUH(EKIIHMOHHBIM, YTO COINIACY-
€TCsl C IOJTYYEHHBIMH Pe3yJIbTaTaMu, MeaHa KOHIIEH-
TpaLUK aHTUTEN ObLIa BBIIIE y OOJIEBIINX KOKITIOIIEM B
cpaBHEHUU ¢ npuBUTHIME (p = 0,03) [22].

3aKknioyeHuve

IIpoBenéHHOE UCCIENOBAaHUE IIO3BOJUIIO Olie-
HUTbH I'yMOpPaJIbHbI UIMMYHUTET K Kokromy y MP un-
(eKIMOHHBIX cTanuoHapoB. oy CeporO3UTUBHBIX
B oTHomeHuHn Kokmoma MP He mpessimana 53,2%.
KonneHTpanuys NMpOTHUBOKOKIIOMIHBIX aHTUTEN Cpeau
Cepono3uTHBHBIX BapeupoBaia 10 mo 75 CEn/mu,
Me/lnaHa KOHIEHTPalUUH CHeUU(PUUECKUX aHTUTEN Y
MP cocraBuiaa — 28,3 (16,7; 42,5) CBEa/mn. V 8,0%
00CIIeIOBaHHBIX YPOBEHb aHTHUTEN K BO30YIUTENIO KO-
kimroma ob1 6onee 50 CBEx/mi, 4to cBHAETENHCTBYET
00 ocTpoii HeBbIsIBIEeHHON MH(ekyuy. Hanu4aue 3Haqu-
TEJIHOM JI0JT CepOHETaTUBHbIX (46,8%) 1 nepeHécmx
OCTpPYI0 HH(EKIUIO TOATBEPKAAET HEOOXOIUMOCTD OTI-
TUMU3ALMU criennpUIecKor MPOPHUIAKTHKH KOKIIONIA,
B TOM YHMCJIE UMMYHH3ALMHU IPYIII PUCKA, K KOTOPBIM OT-
HocsTcst MP, ¢ 1IesIbl0 CHUKEHUS! PUCKOB BO3HUKHOBE-
HUs MH(EKIIMIA, CBSI3aHHBIX C OKa3aHUEM MEIUIIUHCKON
TTOMOIIIH.
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AHTUreHHaAa NAEHTUYHOCTb UMMYHOAOMMNHAHTHDbIX 6enKoB
reHoBapuaHToB Bacillus anthracis

Mx6eppeesa M.MN.%, CayTkuHa A.A., bapkoBa WU.A.,| Buktopos [1.B.

Bonrorpafckuii HayuHo-MccneoBaTenbCKUM NPOTUBOYYMHBIN MHCTUTYT PocnoTpebHaa3opa, Bonrorpag, Poccna

AHHOMayus

BeeaeHue. OCHOBHbIM G1ONOrMYECKNM ChIpbEM NPU NPOM3BOACTBE MMMYHOBMONOrMYECKUX NpenapaToB A UH-
avkauumn n ngeHtudmnkauumn Bacillus anthracis siBnsawTca cneumdudeckne aHTureHbl — NPOTEKTUBHBIN aHTUrEH
(MA) n 6enok EA1.

Llenb paboTbl — onpeenvTe aHTUrEeHHY MAEHTUYHOCTb UMMYHOLOMUHAHTHbBIX 6EMKOB, BblAEMNEeHHbIX rernb-Xpo-
mMaTorpacdmen n anekTpoopes3om, pasnuyHbiX reHoBapuaHToB B. anthracis.

MaTtepuanbl n MeToabl. B paboTte ncnonb3oBaHbl KynbTypanbHble unbTpaThl M30rE€HHbIX BapUaHTOB LWTaMma
B. anthracis 575/122 (pXO1*, pXO2*): R01 (pXO1*, pX02-); RO0 (pXO1-, pXO2-). lenb-xpomartorpaguyeckoe
bpakUMOHMpOBaHWE U ANEKTPOOPETUHECKOE pasfeneHne NpoBeaeHo No CTaH4APTHBIM MeToanKam. AHTUMEH-
Hble CBOMCTBa GenkoB, BblAEMEHHbIX renb-xpomMartorpaduen n anekTpoopesom, U3yyeHsl B peakyum MMMyHO-
anddpysun ¢ nonuknoHansHeIMU MoHocneunduieckumm celsopotkamm k MNMA 1 6enky EA1 S-cnos.
Pe3ynbrartbl. [pu renb-xpoMaTtorpacdmyeckom pasgeneHmmn KynbtyparnbHblx unstpatoB B. anthracis 575/122:
R0O1 (pXO1*, pX0O2-) n ROO (pXO1-, pXO2-) nonyyeHbl dpakuma 1 n dppakumns 5. CeiBopoTkm k benky EA1, a
Takke K cpakuun 1 KynbTypanbHbIX unsTpatoB wWrtaMmmoB B. anthracis 575/122 R00 w B. anthracis 575/122
RO1 BbIABMIM nOeHTUYHbIE aHTUreHbl. CbIBOpOTKA K aHTMreHam dpakuum 5 B. anthracis 575/122 R01 copgepxut
aHTuTena k pagy 6enkos, B Tom uncne K NA, BblgeneHHoOMy anekTpodopesom.

O6cyxaeHue. B xone paboTbl Gbina ycTaHOBMNEHa aHTUIEHHash MAEHTUYHOCTb UMMYHOOOMUHAHTHBIX GEnKkos,
BbIENEHHbIX renb-xpomatorpaduven 1 anekTpodopesom.

3akntoyeHue. Takum obpasom, HaMmmn B anekTpodopese u renb-xpomatorpaduen soigeneHsl 6enok EA1 n MA,
KOTOpble MOryT ObITb MCMONb30BaHbI AMs NONY4YEeHUs1 MOHOKMOHAmbHBLIX U MOMMKIOHANbHbIX MOHOcneumduye-
CKUX aHTUTEN, NPUroAHbIX ANst KOHCTPYMPOBaHUSA AMarHOCTUYECKUX NpenapaToB.

KnroueBble cnoBa: Bacillus anthracis, npomekmueHbili aHmuaeH, 6enok EA1, eenb-xpomamoepaghusi, 3rek-
mpogbopes, peakyusi uMMyHOOUGhghy3uU, aHmu2eHHasi UOeHMUYHOCMb

dOmuyeckoe ymeepxxdeHue. ABTOpbI NOATBEPXKAAIOT COBMNOAEHNE MHCTUTYLMOHANbHBIX U HALMOHanNbHbLIX CTaHaap-
TOB MO MCMONb30BaHUIO NabopaTopHbIX XMBOTHBLIX B cooTBETCTBUM ¢ «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). Bce paboTbl ¢ 3kCnepMMeHTanbHbIMW XXUBOTHLIMU COMNacoBaHbl U YTBEPXAEHbI B paMKax TeMb
084-3-15 «[eTekumsi IMMYHOOOMMUHAHTHBLIX aHTUrEeHOB LWTaMMoB Bacillus anthracis ¢ pa3nMyHelM Habopom nnasmung
BMPYNEHTHOCTM» Ha 3acefaHun kommccun Bonrorpagckoro Hay4Ho-uccrnegoBaTenbCKoro MPOTUBOYYMHOMO MHCTUTYTa
no 6roatuke (npotokon Ne 2 ot 22.05.2016).

HUcmoyHuk d)ur-lchupoeaHun. ABTOpr 3aaBnsaT 06 OTCYTCTBUM BHELUHEro CbVIHaHCI/IpOBaHI/IFI npu nposegeHun mnc-
cnenosaHuA.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnunKkaumen HacTosiLLen cTaTby.

Ana yumupoeaHusi: x6epneesa M.IM., CaytkmHa A.A., Bapkosa W.A., BuktopoB [.B. AHTUreHHas MOeHTUYHOCTb
MMMYHOLOMUHaHTHbIX 6enkoB reHoBapuaHToB Bacillus anthracis. XKypHan mukpobuonozuu, anudemuonoa2uu u ummy-
Hobuonoauu. 2023;100(2):203-208.
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Antigenic identity of immunodominant proteins
of Bacillus anthracis genovariants
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Abstract

Introduction. The main biological raw materials for the production of immunobiological preparations for
identification of Bacillus anthracis are its specific antigens, the protective antigen and the EA1 protein.
Purpose. To determine the antigenic identity ofimmunodominant proteins of different genovariants of B. anthracis
isolated by gel chromatography and electrophoresis.

Materials and methods. Culture filtrates of isogenic variants of B. anthracis strain 575/122 (pXO1*, pX02*): RO1
(pXO1*, pX0O2-); ROO (pXO1-, pXO2-) were used in the study. Gel chromatographic fractionation and electrophoretic
separation were carried out according to standard methods. The antigenic properties of proteins isolated by gel
chromatography and electrophoresis were studied by immunodiffusion with polyclonal monospecific sera against
the protective antigen and the EA1 protein of the S-layer.

Results. Gel chromatographic separation of B. anthracis 575/122 culture filtrates R01 (pXO1*, pX0O2-) and
R0O0 (pXO1-, pXO2-)yielded fractions 1 and 5. Sera against EA1 protein and antigens of fraction 1 of strains B.
anthracis 575/122 R00 and B. anthracis 575/122 R0O1 culture filtrates identified the identical antigens. Serum
against antigens of fraction 5 of B. anthracis 575/122 R01 contained antibodies to numerous proteins, including
the protective antigen isolated by electrophoresis.

Discussion. The antigenic identity of immunodominant proteins isolated by gel chromatography and
electrophoresis was identified.

Conclusion. EA1 and PA proteins isolated by electrophoresis and gel chromatography can be used for produc-
tion of monoclonal and polyclonal monospecific antibodies suitable for the design of diagnostic preparations.

Keywords: Bacillus anthracis, protective antigen, EA1 protein, gel chromatography, electrophoresis, immuno-
diffusion reaction, antigenic identity.
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BeepeHue resb-xpomarorpadueii u 3MeKTPoPOPE30M, PasIUIHBIX

OCHOBHBIM OHOJIOTUYECKUM CBHIPbEM IIPH IPO-
M3BOJCTBE HMMMYHOOHMOJIOTHYECKHUX MpenaparoB sB-
JSIOTCS criequUYecKie aHTUTEHBI, BBIJCICHHBIC U3
MHUKPOOHBIX OMOMAacC, U IMMYHHBIE CBIBOPOTKH, MOJTY-
YeHHBbIE Ha X OcHOBe. [Ipu MHOrooOpasuu cnocoOoB
W3BJICUCHUS CIICHU(PUUECKUX AHTHI'CHOB M3 MHKpOO-
HBIX KJIETOK HEOOXOJMM KOMIUIEKC TOCIEI0BaTEIbHBIX
MaHUMYJSAIUN, KOTOPBIA OBl MO3BOJMI H30JUPOBATH
MOJTHOLIGHHBIE B AHTUTEHHOM OTHOIICHHH (paKLIuu
JUISL IPOU3BOACTBEHHBIX 1ienei [1].

B kadectBe ChIpbsl IpU CO3JaHMH HMMYHOOHO-
JIOTHYECKUX MpenaparoB A MHIUKALWU U UACHTH-
bukanuu  Bacillus anthracis WCTIONB3YIOTCS HUMMY-
HOJOMHHAHTHBIE OENIKH, B TOM YHUCIIE MPOTEKTUBHBIH
antureH (I[1A) u 6enok noBepxHOCTHBIX CTpYKTYp EA 1
(extractable antigen) [2—-5].

Panee Hamu HM3y4eHBl BHEKJICTOYHBIC AHTHTCHEI
B. anthracis, BblAeNCHHBIE Telb-XxpoMarorpaduei u
anekrpodopesom [6, 7]. UIMMyHOTOMUHAHTHBIC OCIKU
ANeKTpoQopeTHUecKux ¢Gpakuuil UAeHTHPULIUPOBA-
Hel MALDI-TOF MS xkak ITA (monexynsapHas macca
(MM) 85,810 k/1la) u EA1 (MM 91,360 xa) [8].

Lesn paboTHl — ONpeaeNTuTh aHTUICHHYIO UICH-
TUYHOCTh HIMMYHOJOMHHAHTHBIX OEJIKOB, BBIJEICHHBIX

© lzhberdeeva M.P., Sautkina A.A., Barkova |.A., Victorov D.V., 2023

TeHOBapHaHTOB B. anthracis.

MaTepman bl 1 MeToAbl

B pabore ucmonb30oBaHBl HM30TCHHBIC BapHaH-
Thl BHpPYJICHTHOrO wWTamMma B. anthracis 575/122
(pXO1*, pXO2*): TokcuHmpoayuupyromun 575/122
RO1 (pXO1*, pX0O2"); 6ecmnasmuanbiii 575/122 RO0
(pXO1-, pX0O2") [9]. UcxonHblit BUPYACHTHBINA IITAMM
OBLI TIOJTy4YeH U3 J1a00PaTOPHU KOJUIEKIMOHHBIX IITaM-
MoB Bonrorpaackoro Hay4HO-HCCIEIOBATEIBCKOTO
MIPOTUBOYYMHOT0 MHCTHTYTa PocmorpeOHan3opa (BbI-
JICJICH caH3nuaeMcity:)k00i Monnasckoit CCP u3 miky-
PBI KPYTIHOTO poraroro ckota B uroine 1982 r).

Jns monmydyeHus: OECKIETOUHBIX KyJIBTYpPalbHBIX
¢ubrparoB (K®) ncnonb3oBaiu KUAKYIO MUTATENb-
Hyto cpeny Ristroph (R-cpeny) pH 8,0-8,3 u R-cpeny ¢
Ka3aMHHOBBIMHU KucioTamu («Difco») u3 pacuéra 4 r/n
nutarenbHou cpensl [10]. [taMMbl KyTbTHBUPOBAIH
npu 37°C B Teuenue 18 4, mpu 72 06/mMuH B Onoioru-
yeckoM mrelikepe «Excella E-25/25R» («Eppendorf»).
KynerypaibHyto KHAKOCTH CTEPHIM30BAIN (HIBTPO-
BaHueM uepe3 ¢uneTp JAP045, crepunbHOCTH Ompe-
JeJsUId BBHICEBOM Ha CEpACYHO-MO3TOBOW arap W B
CepAEYHO-MO3roBoi OyiaboH. K® KoHLEHTpUpOBaIH
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Ha yctaHoBke JIC 2 «Amicon» ¢ BOJIOKOHHBIMH (DUJIb-
tpamu HLP10 («Amicon»), a 3aTeM Ha ynsrpaduisTpe
PM10 [6].

lenp-xpomarorpaduueckoe (pakLIMOHUPOBAHUE
C UCIOJB30BaHUEM CBEPXTOHKOro cedakpuia S-300
HR «Pharmacia» B 00b€me 2,5 X 5,6 cM u anekrpodo-
petudeckoe paszaencHue B 10% mnoamakpuiaMuIHOM
reyie MPOBOJIMIN MO CTAHJAPTHBIM MeTomukam [6, 7].
Benku Buzyanu3upoBanu B OJIOKE Tellsl OXJIaKAEHHBIM
pactBopom 0,1M KCI. BenkoBbie ¢pakuuu BbIpe3aiH,
TOMOTEHH3HPOBAIM M SKCTPArupoBalld YIIEKHCIIBIM
aMmMoHueM [7].

Kponunubu chIBOpOTKH K relib-xpoMarorpaduye-
CKUM (QpaKuusM W KpOJMYBM MOHOCIECHU(PHYECKUE
MOJIMKIIOHANBHBIE CHIBOPOTKH K Oenky EA1 u ITA mo-
Jydalid TI0 METOJIMKE, OMMMCAaHHOU paHee [6—8].

Bce paboTsl ¢ 3KCHIEpUMEHTAILHBIMHU JKUBOTHBI-
MU COIVIaCOBaHBI M YTBEPXkAEHbI B paMkax TeMmbl 084-
3-15 «/leTekiuss HMMMYHOIOMHHAHTHBIX AHTUTCHOB
mramMMmoB Bacillus anthracis ¢ pa3nu4HbIM HAOOPOM
IUTa3MU/I BUPYJICHTHOCTH» Ha 3aceaHNH KOMUCCUH 110
6uostuke (mporokon Ne 2 ot 22.05.2016).

WnenTnuHOCTh OENKOB, BBIACIEHHBIX Te€lb-XPO-
Marorpadueiit u snexrpodopesom [9], onpeaensiu B
peaxun ummyHnonuddysuu (PUI) [11].

PesynbraTtbl

B xome pabotsl nonyuensl KO mrammoB B. an-
thracis 575/122 RO1 (pXO1*, pXO2) ¢ conepxanuem
oenka 9,8 mr/mn u B. anthracis 575/122 R00 (pXO1-,
pXO2") c conepxanuem Oenka 5,5 Mr/mi, MPOBEIECHO
UX refib-XxpoMarorpauueckoe pasieneHne. Xpomaro-
rpaMMbI M30T€HHBIX BapHAaHTOB WITamMMa B. anthracis
575/122  cooTBeTcTBOBaNM XpoMmarorpammaM Ko
ITaMMOB C aHAJOTMYHBIM HAOOpOM TIJIa3MH[ BU-
pyJlieHTHOCTH, a uMeHHO B. anthracis CTU (pXOl1*,
pX02") u B. anthracis 81/1 R0O0 (pXO1-, pXO2")
(puc. 1) [6].

[Ipu snexrpodopeTrdeckoM pasaeieHun OeIKOB
K® mramma B. anthracis 575/122 RO1 onpenensics
npeumMyIiecTBeHHo Oenok ¢ MM 85,810 k/la, koTo-
puiit 6611 uneHtugunuposad B MALDI-TOF MS kak
ITA, a K® B. anthracis 575/122 RO0 coneprxan Oenku:
91,361 k/la, unenrudunupoBanueiii kak EA1 [8], u
MM 87 x/la, xotopsiit B MALDI-TOF MS He ynanoch
OIpeneuTh, oaHako Mo MM oH coBmanan ¢ OenKoM
Sap B. anthracis (86,7 k/a) [12].

K snexrpodopernueckum ¢pakuusm ObLIM TO-
Jy4EeHbl KPOJIMYbH HMMYHHBIC MOJUKIOHAIBHBIE ChI-
BOPOTKH, KOTOpBIE HMCIIOIB30BAIHUCH AJISI MTOCTAHOBKU
PUl ¢ K® B. anthracis 575/122 RO1. UmmyHOnpenu-
MUTAaThl K OelikaM S-cjiosi 00pa30BBIBAIMCH Yepe3 2 4
(puc. 2, a), a x [TA — yepes 18 4 (puc. 2, 6).

s onpenencuust B PUJl uneHTnyHOCTH OCIKOB
reJb-XpoMarorpauueckux M 3J1eKTPo(OpPEeTUIECKUX
¢pakuuii ucnonszoBansl KO mrammoB B. anthracis
575/122 RO1 u B. anthracis 575/122 RO0; ceIBOpoTKH

B. anthracis 575/122 R01

~- 3 RSt L]
. i ey I\ v 9

3 - (STjat ROl %% Sl feo
Py £ s
Mess t

B. anthracis 575/122 R00

Ppakums 1

'1/ |

| o
|
|
|
|
|
[
1

Dpakuus 1

Puc. 1. XpomaTtorpammbl KynsTypanbHbIX (OUnsTpaTos
B. anthracis.

Fig. 1. Chromatograms of B.anthracis culture filtrates.

K ¢pakuuu 1 KO B. anthracis 575/122 RO1 u 575/122
ROO u dpakuuu 5 KO B. anthracis 575/122 RO1; cbI-
BOpoTKH K Oenky EA1, 6enxy MM 87 x/la u x [1A KO
B. anthracis 575/122 RO1.

B pesynbrare PUJ] 6enku ¢ppakuuu 1 KO B. an-
thracis 575/122 RO1 u 575/122 RO0 u 6enxu EAl u
575/122 R0O0 MM 87 k/la, BeigeneHHbIe 3neKTpodope-
30M, 00Pa30BBIBAIN UICHTUYHYIO HMMYHONPEIUITUTH-
PYIOLILYIO JTUHHIO.

CeiBopoTKa K ¢pakuuu 5 mramma B. anthracis
575/122 RO1 dhopmupoBana UMMYHONPELUITUTATH KaK
¢ K® B. anthracis 575/122 R01, tak u ¢ KO B. anthracis
575/122 R00. CeiBopotka k [1A, BbIIeIEHHOMY B BIIEK-

-

Puc. 2. PU[ B rene 6enkoB anekTpogopeTnyecknx dpak-
uun PN yepes 2 4 (a) n vyepes 18 u (6).
1 — cbiBopoTka k K® B. anthracis 575/122 R01; 2 — lMA
B. anthracis 575/122 R01; 3 — EA1 B. anthracis 575/122 R0O0;
4 — 6enok B. anthracis 575/122 R0O0 MM 87 k[a.

Fig. 2. Gel immunodiffusion of proteins from electrophoretic

fractions after 2 hours (a) and 18 hours (b) incubation.
1 — serum to culture filtrate of B. anthracis 575/122 R01; 2 — pro-
tective antigen of B. anthracis 575/122 R01; 3 — EA1 B. anthracis

575/122 R00; 4 — 87 kDa protein of B. anthracis 575/122 R00.
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Tpodopese, 00pa3zoBbIBaiia OHY TOMOTECHHYIO JIMHUIO C
K® B. anthracis 575/122 RO1, ¢ B. anthracis 575/122
ROO npenunuTHpyIOMKX JIMHHUI HE BBISBICHO (pHC. 3).

O6cyxpeHune

Has KOHCTPYUPOBaHUS JIUarHOCTHYECKUX
TECT-CHCTEM OCHOBHBIMH MHILICHSIMH SIBJISIFOTCS CIIC-
nUQHUYECKHe aHTHI'eHBbI BO30ynuTesel 3a0oieBaHuil 1
MMMYHHBIE CBIBOPOTKH Ha UX ocHoBe. s B. anthracis
B HACTOSIIIIEE BPEMsI TAKOBBIMH sIBJSOTCS Oesiok EA1 u
ITA [2-4, 13-15].

CymiecTByeT IOCTaTOYHO OOJIBLIOE KOJIMYECTBO
3((HEKTUBHBIX METOAMK MOJYYCHHUS AHTHICHOB W3
MUKPOOHBIX KjeTok. HaMu B TeueHue psjaa jer Obuiu
OCBOCHHI criocoObl BeiiencHus [1A u 6enka EAl. Us-
y4eHa BHJ0Basi CelU(UIHOCTh CBIBOPOTOK K O€lKaM,
BBIJICJICHHBIM Telib-xpomarorpadueii u3 KO mrammon
B. anthracis ¢ pa3nmu4HBIM COIEPXKAHUEM ILIa3MUJL
BUPYJICHTHOCTH, ONpe/eieHa BO3MOKHOCTh HCIIOJNb-
3oBaHus [1A st oOHapy>KeHHsS aHTHTE]I B pEaKluu
HENPSMO# TeMarmIlOTHHAIIMKA U B TBEpAO(]a3HOM UM-
MyHodepMeHTHOM MeTone, a Oenka EA1 Bo3Oynure-
751 cCUOMPCKOM S13BBI — B MeToAe (Pr1yopecuupyrommx
antuten [6, 16, 17]. B mocnenyrommx uccieqoBaHmusIX
JlaHHbIe OeKu ObUTH BbIIeeHBI U3 KO 1M30reHHBIX Ba-
puantoB B. anthracis, HaKOIUIEHBl B NpENapaTUBHOM
anekrpodopese, uaenrudumuposansl 8 MALDI-TOF
MS, a Takxe ompenesieHO X JUarHOCTHYECKOe 3Have-
Hue [7-9].

Henpto HacTosimieil paboOTHl  SIBISUIOCH  ycCTa-
HOBJICHUEC WJICHTUYHOCTH AHTUICHOB, BBIJCICHHBIX
refb-xpoMarorpaduei u anexkTpodope3om, pazIuIHbIX
TeHOBApHAHTOB B. anthracis. J1ns 3Toro ObLIH MOTy4e-
HbI TUIICPUMMYHHBIC KPOJIMYbU CHIBOPOTKH. IIporecc
MOJIyYSHUsI CBIBOPOTOK K TelIb-XpOMaTorpauuecKium
(hpakiusaM 3aHUMaN MEHbIIIE BpeMeHH. J[j1s momyueHust
ChIBOPOTOK K Oenikam EA1 u MM 87 k/la Ham moHaio0-
ounock oxono 18 mec. [1pu renp-npoHukaromeii xpoma-
Torpaduu MPOUCXOJUT pa3aesieHHe MO MOJIEKY/SIPHBIM
BecaM, HO TOHKasi O4MCTKa HEBO3MOXKHA, U (YPaKILIUH CO-
JepyKaT CMeCh aHTUTEHOB C MpeoliagaHueM TOTo WU
npyroro. B Hameit pabote B PU/] chiBopoTKH K Oenkam
EA1 u MM 87 x/la, BeIICICHHBIM U3 MOJUAKPUIAMU]I-
HOTO TeJis, a TaKKe CHIBOPOTKU K TEPBBIM (ppakiu-
am KO OecrurasMuHOTO U TOKCHHIPOAYLHPYIOLIETO
IITAMMOB BBISBUJIM WJACHTUYHBIC aHTUreHbI. ClienoBa-
TENBbHO, B JIAHHBIX Telb-XxpoMmartorpaduyeckux (pak-
nusix copepikarcs oenku S-cinost MM 94 u 87 xJla (EA1
u Sap) [12]. CeiBopotka k I1A B. anthracis 575/122
RO1, BblmeneHHOMY 3IIEKTPOPOPE30M, B OTIUYUE OT
CBIBOPOTKH K (pakLuu 5, 00pa3oBbIBajia OHY YETKYIO
romoreHnyto nuauto ¢ K@ B. anthracis 575/122 R01, a
¢ K® B. anthracis 575/122 RO0 nMMyHOIIpeenUTaTOB
He BbIsBIEHO. [IpenaparuBHbIN 31eKTpodope3 mo3Bo-
JISIET HE TOJIBKO orpenensaith MM OelIkOB C TOYHOCThIO
10 5%, HO 1 A€t BBICOKOE pa3pelleHue, IepeBOTUT B
pacTBopuMyto (HopMy OOJBIIMHCTBO OEIKOB, KOTOPHIC

ORIGINAL RESEARCHES

Puc. 3. AHTUreHbl, BbiSiBMSieMble CbIBOPOTKaMU k 6enkam
renb-xpomMaTorpacmyeckmx 1 anekTpogoopeTniecknx dppak-
Lmn.

a: 1 — K& B. anthracis 575/122 R01; 2 — K& B. anthracis 575/122
RO00; 3 — cuiBopoTka k 6enky EA1 K® B. anthracis 575/122 R0O;
4 — cbiBOpOTKa K (opakumm 1 K B. anthracis 575/122 R01; 5 — cbl-
BOpoTKa K ppakumm 5 KO B. anthracis 575/122 R01; 6 — cbiBOpoTKa
K cbpakumm 1 KO B. anthracis 575/122 R00; 7 — cbiBopoTKa K 6enky
Ko B. anthracis 575/122 RO0 MM 87 k[la; 8 — cbiBopoTka Kk A K
B. anthracis 575/122 R01;
6: 1 — cbiBOpoTKa K pakumm 1 K& B. anthracis575/122 R01;

2 — cbiBopoTKa Kk 6enky EA1 K& B. anthracis 575/122 R00; 3 — cblI-
BOpoTKa K dppakumm 5 KO B. anthracis 575/122 R01; 4 — cbiBOpoTKa
k MA K& B. anthracis 575/122 R01; 5 — K& B. anthracis 575/122
R00; 6 — K® B. anthracis 575/122 R0O1.

Fig. 3. Antigens detected by sera to proteins from fractions
separated in gel-chromatography and electrophoresis.

a: 1 — culture filtrate of B. anthracis 575/122 R01; 2 — culture
filtrate of B. anthracis 575/122 R00; 3 — serum to EA1 protein from
B. anthracis 575/122 ROO culture filtrate; 4 — serum to fraction 1 of

B. anthracis 575/122 R01 culture filtrate; 5 — serum to fraction 5
of B. anthracis 575/122 R01 culture filtrate; 6 — serum to fraction
1 of B. anthracis 575/122 R0OO culture filtrate; 7 — serum to 87 kDa
protein from B. anthracis 575/122 ROO culture filtrate; 8 — serum to

protective antigen from B. anthracis 575/122 RO1 culture filtrate;

b: 1 — serum to fraction 1 of B. anthracis 575/122 R01 culture

filtrate; 2 — serum to EA1 protein from B. anthracis 575/122 R00

culture filtrate; 3 — serum to fraction 5 of B. anthracis 575/122
RO1 culture filtrate; 4 — serum to protective antigen of B.anthracis

575/122 RO1 culture filtrate; 5 — culture filtrate of B. anthracis

575/122 R00; 6 — culture filtrate of B. anthracis 575/122 R01.

HENb3sl COMOOMIM3UPOBATh APYruMH MeTonamu [18].
[poucxogut 6onee >3pPeKTUBHOE pasliesieHre OCIKOB,
4YeM rejb-xpomarorpadueid, 4To MOATBEPkKACHO IaH-
HbIMH UMMYHOOJI0THHTA [7].

BaxHeHIInM KauecTBOM, OMpPEACISIIOIIUM UMMY-
HOTCHHOCTh QHTUTEHOB, SIBISIOTCS Pa3Mep MOJICKYJIHI,
71032 BBOAMMOI'O aHTHICHA, IPOCTPAHCTBEHHASI CTPYK-
Typa Oenka. CMech OCITKOBBIX KOMIIOHCHTOB BBI3BIBACT
0oJiee BBIPaXKCHHBII MMMYHHBIH OTBET, YeM BBEICHUE
OYMINEHHOTO aHTUreHa [19], 9TO OOBSACHAET IJIUTEIb-
HOCTB MOJYYCHHUS CBIBOPOTOK K O€JIKaMm, BBIACICHHBIM
ANMEKTPOPOPE30M.

Takum 00pa3oM, HAMHM MpPHU MOMOIIH SIEKTPO-
¢dopesa u redb-xpomarorpaduu B IpenapaTUBHBIX
KOJIMYECTBAaX HAKOIUICH Psii MICHTUYHBIX OEJIKOB Te-
HOBapHaHTOB B. anthracis, 9To B AajJbHEUIIEM 103BO-
JIUT MCIIONb30BaTh JaHHBIE METOJUKH NpU pa3padboTke
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

CXEM UMMYHU3alWUU JJI IMMOJTYUCHHUA MOHOKIIOHAJIbHBIX
1 TIOJIMKJIOHAJIBHBIX MOHOCHCHI/I(bI/I'{eCKI/IX AaHTUTCII,
MNPUTOAHBIX JII KOHCTPYUPOBAHUA NUATHOCTHYCCKUX
IpenaparoB.
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OpuirnHanbHoe nccnefoBaHune
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BnusHne NnOBUAOH-10AA HAa YYBCTBUTENIbHOCTb K/IMHNYECKMNX
nsonatoB Klebsiella pneumoniae K aHTM6MOTNKAM

LinpkyHoBa X.d.”, EmenbsaHoBa A.A., yakoBa E.N., Ckopoxopg IA.

Benopycckuii rocyaapcTBeHHbIN MeAULMHCKIIA YHUBEepcUTeT, MUHCK, Pecny6nivika Benapycb

AHHOMauus

BBeaeHue. Pa3BnTue yCTOMYMBOCT MUKPOOPraHW3MOB K aHTMOMOTMKaM Ha hoHe 1cnonb3oBaHns 6uoLmaoB B
CYOMHIMOUPYIOLLMX KOHLEHTPALMAX ABMAETCS akTyanbHOW NpobnemMon COBPEMEHHOTO 34paBOOXPaHEHNS.

Llenb pabotbl — M3yunTb BAMSHWE MOBWAOH-MOA4A HA YYyBCTBUTENBHOCTb KMMHUMYECKUX M3onsaToB Klebsiella
pneumoniae K aHTUBUOTNKaM.

Matepuansi 1 meToabl. B pabote npoaHanM3npoBaHoO BMMAHUE NOBUAOH-MOA4A B CyOUHIMOMPYOLWMNX KOHLEH-
Tpaumsax Ha U3MEHEHWEe YyBCTBUTENMBHOCTU KNMHUYecKknx nsonatos K. pneumoniae (n = 9) k aHTnbakTepmans-
HblM cpeacTBam (n = 15). AganTtaumio 6akTepuin kK NOBUAOH-A04Y NPOBOAUNN C UCMONb30BaHUEM NEPUOLNYECKO-
ro KynsTMBMPOBAHMSA MUKPOOPraHM3MOB, KOTOPOE OCYLLEeCTBAANU B 96-NMyHOUHbIX KynbTyparbHbIX MaHLeTax
ONS CyCNEeH3MOoHHbIX KynbTyp (non-treated) 6e3 nepemelwunBaHms. OueHKy YyBCTBUTENBLHOCTU BakTepuin K aHTm-
6uoTuKamM NpoBOAMIM C MOMOLLBIO aBTOMaTM4eckoro aHanuasartopa «Vitek2Compact» («BioMerieux») ¢ ncnonb-
30BaHuem kapT AST-204.

Pe3ynbratbl. B xo4e agantaumm KnnHMYeckmx nsonaTtos K. pneumoniae K NOBUAOH-MOAY NOKa3aHo yBenu4eHue
YyBCTBUTENBHOCTM GakTepuin kK aHTMBMOTNKaM. MUHUMarnbHbIE MHIMOUPYOLWME KOHUeHTpauun 11 aHTubakTepu-
anbHbIX CPEACTB B OTHOLLUEHUN U3YYEHHbIX KYNbTYp CHU3UNUCL B cpeaHeM B 2,35-23,2 pa3a Nno CpaBHEHUIO C
KOHTPOMbHbIMY 3Ha4YeHMAMU. B ycrioBusix onbiTa 4yBCTBUTENBHOCTb U3YHEHHbIX KyNbTYp BO3pOcna K aMOKCULUI-
NVH/KNaBynaHOBOW k1cnoTe B = 2 — = 8 pas, nunepauunnuH/tasobaktamy — B = 2 — = 32 pasa, uedrasvgmumy —
4 — > 16 pas, amukauuHy — B 2 — = 16 pas, apTaneHemy — B 2—8 pas, MmeponuHemy — B 2—8 pas, uedenumy —
2 4— 2 64 pas, yunpodnokcaunHy — B 4 — = 16 pas, reHTamyuuMHy — B 2 — 2 8 pas, HopdrnoKkcaumHy — B
2-8 pas, HUTpodypaHTouHy — B 2—4 pas3a. [MoBbILLEHNE YPOBHS YYBCTBUTENBHOCTU K aHTUOMOTMKAM BbISIBNIEHO
y 50—-100% un3y4YeHHbIX KNMHUYECKMX n3onaToB 6akTepuin. MogobHbin adpdekT He Bbin ycTaHOBMNEH ANA amnu-
unnnuHa, uedoTtakcuma, umvneHema u Tpumetonpum/cynsdametokcasona. B ycnosusx onbita 6bina BoigBneHa
BHYTPVBWAOBAs reTEPOreHHOCTb KIMHUYECKMX M3onsAToB K. pneumoniae No YpPOBHIO NPUOBPETEHHON YyBCTBU-
TENbHOCTU K aHTNbaKTepmanbHbIM CPeACcTBaM.

O6cyxaeHue. onyyeHHble Hamu pe3ynbTaThl HE ONUCaHbl B HAYYHOW NuTepaType u TpebyoT ganbHenwero
N3y4YeHus N 0ObACHEHUS.

KnioueBble cnoBa: aHmucenmuku, nogudoH-uo0d, bemaduH, aHmubuomuKu, 4yscmeumesnibHOCMb

Amuyeckoe ymeepxdeHue. VlccneqoBaHve npoBoaMnock Npy Ao06pOBONLHOM UHPOPMMPOBAHHOM Cornacuy nauu-
eHToB. [MpoTokon nccneaoBaHnst ofgobpeH ATUHeckMM KOMMTETOM Bernopycckoro rocyAapCTBEHHOrO MeAMLIMHCKOTO
yHuBepcuTeTa (npotokon Ne 15 ot 27.06.2019).

UcmoyHuk ¢puHaHcupoeaHusi. ViccrnepoBaHusi duHaHcMpoBanucb MUHMCTEPCTBOM 34paBoOXpaHeHus Pecny-
6nvkn Benapycb B pamkax 3aganus 3.11 «M3yuntb BnusiHe cybneTanbHbIX KOHLEHTpauui 6uounaoB (aHTMcenTu-
KOB W [Oe3nH(EKTAHTOB) Ha (OPMUPOBAHNE MHOXECTBEHHOM YCTOWYMBOCTM MUKPOOPraHM3MoOB-BO3byauTenemn
OMMNOPTYHUCTUYECKUX UHAPEKLMIA K NPOTMBOMMKPOBHBIM cpeacTBam» [ocyaapCTBEHHOW NporpaMMbl HayYHbIX Uccre-
noBaHuin 4 «TpaHCNAUMOHHAA MeauuuHa» nognporpaMmbl 4.2 «PyHaaMeHTanbHble acrnekTbl MeAULIMHCKON HayKun»
(2021-2025 rr.).

KoHgpniukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBME SIBHBIX Y MOTEHUMAanbHbIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKaumen HacTosLWeNn cTaTbu.

Ansi yumupoearus: LUupkyHosa XK.®., EmenbaHoBa A.A., I'yakosa E.N., Ckopoxog IA. BnusiHue noBnaoH-noga Ha
YYBCTBUTENbHOCTb KNMUHMYeckux nsonatos Klebsiella pneumoniae k aHTubunotukam. XXypHan mukpobuomnoauu, anude-
muonoauu u ummyHobuonozuu. 2023;100(2):209-218.
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Influence of povidone-yodine on the sensitivity of clinical isolates
of Klebsiella pneumoniae to antibiotics

Zhanna F. Tsirkunova®, Alesya A. Emelyanova, Elena I. Gudkova, Gennady A. Skorokhod

Belarusian State Medical University, Minsk, Belarus

Abstract

Introduction. Cross-resistance of microorganisms to antibiotics against the background of the use of biocides in
subinhibitory concentrations is an urgent problem of modern health care.

The aim of the work is to study the effect of povidone-iodine on the sensitivity of clinical isolates of Klebsiella
pneumoniae to antibiotics.

Materials and methods. The work analyzed the effect of povidone-iodine at subinhibitory concentrations on
changes in the sensitivity of clinical isolates of K. pneumoniae (n = 9) to antibacterial agents (n = 15). Adaptation
of bacteria to povidone-iodine was carried out using periodic cultivation of microorganisms, which was carried
out in 96-well culture plates for suspension cultures (non-treated) without stirring. The sensitivity of bacteria to
antibiotics was assessed using an automatic analyzer “Vitek2Compact” (“BioMerieux”) using AST-204 charts.
Results. During the adaptation of clinical isolates of K. pneumoniae to povidone-iodine, an increase in the
sensitivity of bacteria to antibiotics was shown. The minimum inhibitory concentrations (MIC) of 11 antibacterial
agents in relation to the studied cultures decreased by an average of 2.35-23.2 times compared with the
control values. Under the experimental conditions, the sensitivity of the studied cultures increased to amoxicillin/
clavulanic acid by = 2 — = 8 times, piperacillin/tazobactam — by = 2 — = 32 times, ceftazidime — by 4 —
> 16 times, ami-kacin — 2 — = 16 times, ertapenem — 2.0-8.0 times, meropinem — 2-8 times, cefepim —
> 4 — = 64 times, ciprofloxacin — 4 — = 16 times, gentamicin — 2 — = 8 times, norfloxacin — 2-8 times,
nitrofurantoin — 2—4 times. An increase in the level of sensitivity to antibiotics was found in 50—-100% of the
studied clinical bacterial isolates. A similar effect has not been established for ampicillin, cefotaxime, imipenem,
and trimethoprim/sulfamethoxazole. It should be noted that under the conditions of the experiment, intraspecific
heterogeneity of clinical isolates of K. pneumoniae was revealed in terms of the level of acquired sensitivity to
antibacterial agents.

Discussion. Our results are not described in the scientific literature and require further study and explanation.

Keywords: antiseptics, povidone-iodine, betadine, antibiotics, sensitivity
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BeepeHue KA BHYTPUOONBHUYHBIX HH(EKUUH OBLIM BBI3BaHBI

B nocnegnue necsaTwieTus oTMedaeTcs 3HauM-
TENbHBI pOCT 3a00JeBaHMi, BBI3BIBAEMBIX YCJIOB-
HO-TIATOT€HHBIMM MHMKPOOPTaHU3MaMH, B TOM YHUCIIE
Klebsiella pneumoniae. BHyTpubonsHu4Hble HH(EK-
LIUH, BbI3BaHHbIE K. pneumoniae U APyTUMH T'paMo-
TPULATENIbHBIMU MUKpPOOpPTaHU3MaMH, CTaJdl Cepbe3-
HOW MpoOJIeMO Jsl 30pOBBSl 4eJIOBEKa, OCOOCHHO
B OTJIEJICHUSIX pEaHUMAlMUd U MHTEHCUBHOW Tepamnuu
[1-3]. OmnucanHble B Hay4HOH JIUTEpaType BCIBIII-

© Tsirkunova Zh.F., Emelyanova A.A., Gudkova E.I., Skorokhod G.A., 2023

3a4acTyl0 MUKPOOpPraHU3MaMH, 00JIalalouIMH MHO-
KECTBCHHOH YCTOHYMBOCTBIO K aHTUMHUKPOOHBIM
cpencrBaM [4—6]. ExxeromHo MH(EKINU, BHI3BAHHBIC
PE3UCTEHTHBIMH OakTepusiMu, npuBomsit k 68 000
CMepTel B CTPaHax €BPONEUCKON 3KOHOMUYECKOHU 30-
el U CIIIA BMecTe B3STHIX [7] U HAHOCAT SKOHOMHU-
yeckui ymepo B pazmepe 55 mupa espo B CLIA u 1,6
MIIPZ €BpO B CTpPaHax €BPONEUCKONM IKOHOMHUYECKOU
30HHI [6, 8].
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YMeHbIICHHE YacTOThl BOSHUKHOBEHUS M Pa3BU-
TUSl BHYTPUOONBHUYHBIX MH(EKUMI HAMpsIMyIO CBS-
3aHO € 3()(EKTHBHOCTHIO MPOBOAMUMBIX MPOQPHIAKTHU-
YecKuX MepornpusaThid. OIHAKO aKTHBHOE U 3a4acTyIo
OCCKOHTPOJIbHOE MPUMEHEHHUE AaHTUCENTUYECKUX H
JOe3UH(DUIUPYIOUINX CPEICTB MOXKET MPUBECTH K pas-
BUTHIO YCTOMYMBOCTH MHUKPOOPIaHU3MOB KaK K HUM
caMHM, Tak ¥ K aHtTuonotrukam [9—11]. O630p Hay4HOI
JIUTEpaTypbl, MOCBAUIEHHON BIMAHKIO 13 OMOIMIHBIX
areHTOB B CyOJeTaJbHBIX KOHIEHTPALMAX Ha Pa3BUTHE
YCTOWYMBOCTH K aHTUOMOTHKAM y TPaMOTPHLIATEIBHBIX
OakTepuii, MPOIEMOHCTPUPOBA HAJMUYUE MEPEKPECT-
HOW YCTOWYMBOCTH MOCJIE BO3AEUCTBUA HA MUKPOOP-
TaHU3MBI XJIOPTeKCUANHA, OCH3aJIKOHHS XJIOpHA, TPU-
KJI03aHA, OKTEHHJIUHA, TUIIOXJIOpUTa HaTpHUsl, XJIOpHIa
auaenunauMerriiaMmmonus [12]. B 11 uccinenoBanusx,
MpOBeAEHHBIX B pa3HbIX cTpa”ax B 2007-2017 rr., no-
Ka3aHO CHIDKCHHE YYBCTBUTEIBHOCTH TIPaMOTpHIA-
TENbHBIX OaKTEPHUil K Pa3IMYHBIM aHTHOMOTHUKAM TIOCIIE
BO3/IEHCTBUS HA HUX OCH3AIKOHUS XJIOpHIA — YBENH-
YeHHE MUHUMAJIbHBIX HHIHOMPYIOIMX KOHIEHTPaUUi
(MUK) antubuorukoB. [IpuoOperéHHas pe3ucTeHT-
HOCTh Yallle BCEro OOHapy>KUBaJach K aMITUIMIUINHY,
neoTakCuMy U cyib(aMeToKcas3oly, pexe — K ned-
Ta3uaUMYy, TPUMETONPHUM/CYIb(HaMeTOKCa30Iy, TPUME-
TONIPHUMY, TETPALUKINHY, IMHIICHEMY, XJIOpaM(EHHKO-
7y, aMOKCHULIWJJTMHY WM aMOKCHIIMJUTUH/KJIaBYJIaHOBOU
kucinore [12]. Panm wuccrnenoBaHuii JEeMOHCTPUPYIOT
KOPPEJSILUIO MEXIY IPHOOPETEHHOH TONEPaHTHOCTHIO
K XJIOPTeKCUIMHY U YCTOHYMBOCTBIO OakTepuil K ed-
Ta3uauMYy, CyIb(haMeToKCa30ily, IMUIICHEMY, edoTak-
cUMYy, KapOareHeMy, aMUHOTJIMKO3UAY, TETPALUKIHHY
u uunpodiokcanuny [12]. IMeroTcst nanHbie, YTO BO3-
JeiicTBUE CYOMHTHMOMPYIOIIMX KOHLEHTpauud XJIop-
TeKCH/IMHA Ha KIMHUYECKUe W30JAThl K. pneumoniae
MPUBOJUT K Pa3BUTHIO YCTOMUMBOCTH OakTepuil Kak
K XJIOPT€KCUAVHY, TaK U K KOJUCTHHY [13], KoTOpbIil
OTHOCHUTCSI K TPyIIE MOJUMUKCHHOB U SBJISICTCS aHTHU-
OMOTHKOM TPy PE3EPBa.

Ocoboe MecTo cpelr aHTUMHKPOOHBIX BELIECTB
3aHUMAaeT HIMPOKO MCIONb3yeMblli aHTHCENTHK MOBHU-
JIOH-H0/I, KOTOPBIA OOBIYHO MPUMEHSETCS B KIMHHYC-
CKOH IpakTHKe 11 00pabOTKU KOXKH U CIM3UCTHIX 000-
JIOYEK JIO M IMOCJIC Ornepanuid, 00pabOTKU KOXKH Mepes
WHBCKIUSAMH, B3STHEM KpPOBH, MyHKIWEH, Ouorcuet,
Tpanchy3ueld, UHQy3uel W APYTMMH WHBAa3HUBHBIMU
MaHMITYIAIUSAMHA. MHOTOYMCIICHHBIE HCCIIEIOBaHUS
MOKa3aJiy, 4TO OH oOnagaet OoJee IMUPOKUM CIIEKTPOM
AQHTUMHUKPOOHOTO NEHCTBUS, YeM MHOTHE AOCTYIHBIC
AQHTUCENTUKHU, BKIIOYAs XJIOPTEKCHIUH M YETBEPTHY-
HBIC aMMOHHEBBIE coeuHeHus [14, 15].

[MomaBnsiromiee  OONMBIIMHCTBO — MCCIIEIOBAHUIMA
MOKA3bIBAIOT, YTO PAa3BUTHE AJaNTHBHOW W/WIH Tie-
PEKPECTHON YCTOMYMBOCTH MHMKPOOPraHM3MOB K aH-
THOMOTHKAM He HAOJIIomaeTcs IOCIE BO3IEHCTBHSA Ha
HUX CcyOJeTalbHBIX KOHIIGHTPALUH TOBHJOH-HOIA
[12, 14-18]. Omnako ecTb EAWHUYHLIC NAHHBIE O

CHIW)KCHUU 4YYBCTBUTEJIIBHOCTH OakTepuil B pe3ylib-
TaTe BO3JECHCTBMSA Ha HHUX JaHHOro oOworuga. Tak,
B. Merchel Piovesan Pereira # cOaBT. BBIAEIUIN KIIO-
Hbl Escherichia coli ¢ NOBBILICHHOH YCTOWYHBOCTBIO K
MOBUIOH-HO/TY, KOTOPbIC OBbLIM TAaKXKEe MEHEE UyBCTBU-
TEJIbHBI K aMITUIIWLINHY, XJI0paMpEHUKOIY 1 HOp]II0-
kcanuny [19]. Bo3nelictBue cyOMHrnOMpyromumx KoH-
LEHTpaluil MOBUJOH-Hona Ha Staphylococcus aureus
ATCC 25923 B teuenne 10 mocienoBareabHBIX Macca-
Kl MPUBOAMIIO K ABYKpaTHOMY yBenndennto MUK —
¢ 5000 MKI/MJI B OTHOILIEHUHA MCXOTHOrO IITAMMA IO
10 000 mMKr/mit Juisi aianTHPOBAHHOTO, OJHAKO ITOCIIC
MOCJICAOBATEILHOIO TACCUPOBAHUUS a/IallTUPOBAHHO-
ro BapuaHTa Ha cpeie Oe3 Owornuma 3Hadenue MUK
BO3BPAIATIOCh K UCXOAHOMY 3HaueHuo [20].

YuuTbIBast, YTO MOBUAOH-UO/ MPOIOJKAET AKTUB-
HO UCIOJIB30BAThCS B KIMHHUYECKOW TPAKTUKE U OBITY,
MPEJCTABIISIOTCS MHTEPECHBIMU M aKTYaJbHBIMH HC-
CJICIOBAHUs BIIMSHUS HU3KUX KOHIICHTpAIUid (HE MpH-
BOJSIIUX K THOeN OaKTepUaNbHBIX KJIETOK) AaHHOTO
aHTHUCENTHKA Ha MUKPOOPTAaHU3MbI U UX UYBCTBUTECIb-
HOCTh K aHTUOMOTHUKAM.

Hesan paboThl — U3Yy4UTH BIUSHUE MOBUIOH-IO-
Jla Ha 4YYBCTBHUTEIBHOCTh KIMHHYECKUX H30JISITOB
K. pneumoniae x aHTUONOTHKAM.

MaTepman bl N MeTOobl

O0beKkTaMu HccIeJOBaHHS SIBUITHCH KITMHUYECKHE
m3omaThl K. pneumoniae (n = 9) soiaenennsie B 2021 .
OT MalMEeHTOB, HAXOSIIUXCS HA CTAllHOHAPHOM Jieue-
HUHM B OTICJICHHUSX pa3InyHoro mpoduis . MuHCKa.
Knuanveckue u30msThl OBUTH BBIJICNIEHBI U3 00pa3loB
KPOBHU; MOYH; MOKPOTHI WJIM JIaBa)KHOM JKUAKOCTH; Ma3-
KOB MJI COCKOOOB M3 NIOJIOCTH PTa, 3¢Ba, IJIOTKH, YXa,
aHyca; OTAEIIEMOro U3 ApeHaXKel 1 paH MpH KoJin4e-
CTBEHHOM IIOCEBE Ha MHUTaTelbHbIE cpeabl. Mccneno-
BaHME MPOBOIUIOCH NPU T0OOPOBOIEHOM HH(OPMHPO-
BaHHOM corjacuu naunueHtoB. [IpoTokon uccnenoBa-
HUS 0oo0peH DTHYecKMM KoMHTETOM benopycckoro
rOCYJapCTBEHHOT'O METUIIMHCKOTO YHUBEpCHUTETA (TIPO-
Tokon (mpotokoia Ne 15 ot 27.06.2019).

B xauecTBe TUIIOBOH TECT-KYJIBTYPhI HCIIONb30Ba-
mu K. pneumoniae ATCC 700603. bakrepuu KyIbsTHBH-
pOBaIM Ha MUTATENIBHBIX CpeAax: TPUITHKA30-COEBOM
oynbone («HiMedia», Wuaus), TpUOTHKa30-COCBOM
arape («HiMedia») npu 35 = 2°C.

YyBCTBUTENBHOCTh OakTepHii K aHTUOMOTHKAM
OLICHUBAJM C TIOMOIIBI0 aBTOMAaTUYECKOTO aHaIu3aTo-
pa «Vitek2Compact» («BioMerieux») u kapt AST-204.

YCTOWYMBOCTh KIMHUYECKHX H30JIATOB Oakre-
PHUH K IOBUIOH-MOAY OIPENEISUIA METONOM CEPUMHBIX
pa3BeicHUl B TUIOTHOM MUTATENIBHOM cpene (arape) u
METOJIOM CEPUNHBIX MUKPOPA3BEICHUN B XKUAKOU IU-
TaTeabHON cpexe (OynbOHE), HCIONB3YS JIBYKpaTHOE
pasBelleHHe KaKIO0ro aHTHOAKTEpPHaJIbHOTO BEIECTBA.
3nauenuss MUK, ompenenéHupie METOIOM CEpUMHBIX
MHUKpPOpa3BeicHU B OyiboHE, OBUIM HMCIONB30BaHbI
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Ui pacu€ra cyOMHrHOMpPYIOIUX KOHIEHTpauuii Ouo-
LM/J1a B KUJKON NUTATEIbHOM Cpeie, Ha KOTOPOl BEach
ajianranys. MUKpOoopranu3MoB. boree ObICTpBIi U Me-
HEE TPYNOEMKHUK METOJ, a UMEHHO METO/I pa3BEJICHUII B
arape, MPUMEHSUIN JJIs aHalIM3a TUHAMHUKU U3MECHECHUS
YPOBHEH 4YBCTBUTEIBHOCTH OaKTEpUil B MPOIECCE UX
ajianranuy K ouoraamM. B uccienoBaHusgX HCIIOB30-
Banu 10% pacTBOp MOBUIOH-HOAA C KOHICHTPAIMEH
akTuBHOTO Hoaa 1% (komMMepueckoe Ha3zBaHue «bera-
mun» («EGIS Pharmaceuticals PLC»). MUK Bripaxa-
11 B % 10 MOBHUIOH-HOMY.

BnusHue noBUI0OH-H0/1a HA U3BMEHEHUE YYBCTBHU-
TeNnbHOCTH K. pneumoniae K aHTUOMOTHKAM M3Yy4alid B
npolecce aganTauuii 0akTepuil K cyOMHrHOUPYIOIIUM
KOHLICHTPALMSAM OHOILUAa B YCJIOBHUSAX IOCTOSHHOTO
MOBBIIICHUS €T0 KOHIEHTPAIIMU B MUTATEIHHOU CpeIe.
AnanTanuio NpoBOAMINA C UCIOJIB30BAHUEM IEPUOIH-
YECKOro KyJIBTUBHUPOBAHHSI MHKPOOPTraHU3MOB, KOTO-
poe OCyWIECTBISIN B 96-TyHOUHBIX KYJIBTYpaJbHBIX
TUTAHIIIETax JUIsl CyCIIEH3UOHHBIX KYNBTYp (non-treated)
6e3 nepememuBanus. KoHIieHTpanuo moBUI0H-01a B
MUTATEIBbHON Cpeie YBEJIMYMBAIHU MOCTEIIEHHO, Pa3 B
HEJICIII0 YBEIIMYMBAs KOJTMUECTBO OMOIM/IA, TEM CaMbIM
azanTupys OakTepuM K TOBBIIIAIONICHCS KOHIICHTpA-
MY aHTUMUKPOOHOTO BeriecTBa. HavaibHas KOHIICH-
Tpalus MOBUJIOH-HONA, C KOTOPOM Haudajach ajanTa-

uust, — '/, MUK (onpenenénnas MeToI0M CepHHHBIX
MUKpOpa3BeIcHNH B OyJboHE), KOHEUHass KOHIEHTpa-
uus — '/, MUK (onpeznenénnas METOIOM CepUHHBIX

MUKpOpa3BeicHHH B OyJIbOHE).

Kontponsuele 3nHayennss MUK aHTHOMOTHKOB
Ompenessuid JJisl KJIMHUYECKUX H30JIATOB OaKTepHi,
MOABEPTUIMXCS MHOTOKPAaTHOMY TI€pernaccHpOBaHHIO
Ha THTATENBbHOW cpelie, MapajieNbHO C ONBITHBIMH
KyJIBTYpaMu, HO 0e3 100aBIeHuUs] MOBUIOH-HOa B MHU-
TarenbHyto cpeny (MUK)), onbithbie 3nadenus MUK
AHTUOMOTUKOB ONpeAeisIN A OakTepuil mocie Hux
ajjanTalv K MOBUJIOH-HOIY (MI/IKZ). Crenenp u3Me-
HEHHsI YyBCTBHUTEJIILHOCTH OaKTepuil K aHTUOMOTHUKAM
OLICHUBAJIU 10 COOTHOLICHUIO MI/IK]/MI/IKZ. Ecmnu sTo
cooTHoIleHne ObuI0 Oonpiue 1,0, Aemaan BBIBO, YTO
YyBCTBHUTEJILHOCT OaKTepHi K aHTHOMOTHKAM BO3pOC-
na, eciou Menblie 1,0 — cHU3MIach.

[lepen ompeneneHueM 4YyBCTBUTENBHOCTH Oak-
TEepUH K aHTHOMOTHKAM KaXXAYIO OIBITHYIO M KOH-
TPOJIBHYIO KYNBTYpbl K. pneumoniae mnepeceBad Ha
TPHUITHUKA30-COCBBII arap 0e3 OuoImIa, OTOMpaIH 1Mo
HECKOJIbKO MOP(OJIOTHYECKH CXOKUX KOJIOHHM YHCTOM
18—24-4acoBoii KynbTypbl OaKTEpUH, CyCTIEHANPOBAIIN
UX B CTEPHJILHOM M30TOHUYECKOM PACTBOPE U JIOBOJAH-
JIU ONTUYECKYIO IIOTHOCTH MHOKYmoma a0 0,50-0,63
no Mak®apnaHiy € HCIIOJIB30BAHUEM JEHCHUTOMETPA
«Vitek2Compact» («BioMerieux»).

BBog, craructrueckyto o0pabOTKy U aHAIU3 aH-
HBIX TPOM3BOJIWIN C MOMOILIBIO KOMITBIOTEPHBIX IMPO-
rpamm «MS Excel v. 7.0» («Microsoft») u «Statistica
v. 6.0» («StatSoft»).

ORIGINAL RESEARCHES

Pe3ynbratbl

[MonydeHHble pe3yabTarbl MO BIUSHHUIO TIOBU-
JOH-i0]a Ha M3MEHEHHE YyBCTBUTEIHLHOCTH 9 Kiu-
HUYECKUX M30JISTOB U | THIMOBOW KynbTypel K. pneu-
moniae nipeacTasineHsl Ha puc. 1-4. Ilpu noctpoenuun
PUCYHKOB MBI HE YUYMTBIBAIU 3HAKU «>» U «<». Ilox-
Hele 3HaueHNss MUK aHTHOMOTHKOB mpeacTaBieHbl B
TaOJIMYHBIX JaHHBIX K PUCYHKaM.

KynsruBupoBaHWe M MHOTOKpaTHOE Iepernac-
cupoBaHue (54 mnaccaxka) KIMHUYECKHUX H30JISTOB
K. pneumoniae Ha cpenax ¢ cyOneTanbHbIMU KOHLICH-
TpPaUUsIMH MOBHIOH-HOJA MPUBOIWIO K MOBBILICHUIO
YyBCTBHUTENBHOCTH OAKTEPHUIA K Py aHTUOMOTHUKOB.

MUK aHTHOMOTHKOB B OTHOLICHWH H3YYCHHBIX
KyJAbTYyp CHU3WIHMCH B cpenHeM B 2,35-23,2 pasa mo
CPaBHEHHIO C KOHTPOJBbHBIMH 3Ha4eHUsIMH. B ycro-
BUSIX OIIBITA YYBCTBHUTEIBHOCTh HM3YYEHHBIX KYIBTYP
BO3pOCJIa K aMOKCHIMJUIMH/KJIaBYIaHOBOH KHCIIOTE B
> 2 — > 8§ pas, nunepauwuIMH/Taz00akTamy — B > 2 —
>32pa3a, uedrazuaumy — B4 —> 16 pa3, aMuKauHy —
B2—2>16pa3, apraneHemMmy — B 2—8 pa3, MEpOITUHEMY —
B 2—8 pa3, nedenumy — B > 4 — > 64 pa3, nuunpoguiok-
canHy — B 4 —> 16 pa3, reHTaMUIIMHY — B 2 —> § pas,
HopdIoKkcanuHy — B 2—8 pas, HUTPOypaHTOUHY —
B 2—4 pa3za.

W3 naHHBIX, IpeACTaBICHHBIX B Ta0IHLIAX K pH-
CyHKaMm, BHJHO, YTO TMOBBIIICHHE YPOBHSI 4yBCTBU-
TEJBHOCTH K aHTUOMOTHKAM BapbupoBasio ot 50—60%
B3SITBIX B OIBIT KIIMHUYECKUX U30MATOB K. pneumoniae
(B oTHOmICHUM 1edennma U dprancHema) 10 90—100%
(B OTHOLIGHMH aMOKCHUIMJUIMH/KJIaBYIaHOBOH KHCIIO-
TBI, TUIPOQIIOKCAIIMHA ¥ TeHTAMHLIMHA).

[MogoOHoe pelicTBHE MOBUAOH-HOAA HE OBLIO OT-
MEUEHO B OTHOLIEHWH YyBCTBUTEIHHOCTH H3yUCHHBIX
0akTepuil K aMIIMIUUIMHY, 1e()OTaKCUMY, UMUIICHEMY,
TPUMETONPUM/CYyIb(paMeToKCa30Iy.

Jns nmpumepa Ha puc. S NPEACTABICHBI JaHHBIE
[0 OIpPEACNCHNUI0 YyBCTBUTEIBHOCTH KIMHUYECKOTO
u3onara K. pneumoniae Ne 199/21 x anTHOMOTHKAM J10
U TOCJIE alalTalliy K NOBUAOH-HOY.

O6cyxpeHne

B Hacrosiliee BpeMsi akTUBHO 00CYKIaeTcsi CIo-
COOHOCTb MHUKPOOPTaHM3MOB BBIpaOaThiBaTh IEpe-
KpECTHYIO YCTOMYMBOCTh K aHTHOMOTHKAaM Ha (oHe
BO3/ICHCTBUSI HA HUX CYOMHIHMOMPYIOUIMX KOHIICHTpa-
nui pas3ianuHbix ouonunos [9—13]. [IpuurHbl BO3HUK-
HOBEHUSI TAKOH yCTOMYMBOCTH OAaKTEpUil K aHTUOHOTH-
KaM MOTYT OBITh pa3NuuHbIMu [9—13, 22-24].

B n3yueHHOI HaMK HAay4YHOU JINTEPAType HET JaH-
HBIX, YTO OBUAOH-HOJ MOBHIIIAET YUyBCTBUTEIHLHOCTh
MHUKPOOPTraHU3MOB K aHTHOHOTHKaM. CIIOKHO CKa3arh,
4eM MOXKET OBITh OOYCIIOBJIEH YCTaHOBJICHHBIH HaMHU
(henomeH. [ToBumOH-110/1 — OIMH U3 HAUOOJIEE IIIUPOKO
HCTIOJIb3yEeMBIX aHTUCENITUKOB B HacTosIee Bpems. Ero
OakrepuuuaHbIA 3QdeKkT 00yclIOBIEH T€M, YTO MoJe-
KYJSIpHBIN 110]], BEICBOOOXKAAIOMIMIACS U3 KOMILIEKCa C
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35 - MUK1/MUK2
e W W G Ne | No. | MUK+ | MIC1 | MUKz | MIC2 MIC1/MICa
= _

5 25 | 185/21 > 32,0 16,0 22,0
[©]
<§( 20 - 199/21 2 32,0 16,0 22,0
o 151 291/21 >32,0 8,0 240
= i
=10 31321 | 2320 16,0 >2,0
= 97
: 521/21 2 32,0 16,0 22,0
N AN N N oN AN AN NN 660/21 >32,0 16,0 220
<§( RN U LR L ,\00 ’ ’ ’
o NP NG S X v 834/21 232,0 16,0 22,0
§ KnuHnyeckne nsonatol 6aktepuii 838/21 >32,0 4,0 >8,0
Clinical isolates of bacteria
846/21 32,0 232,0 =1
---A--- MUK MIC trol
1 (KOHTpOnb) | 1 (C?n rol) ATCC >32.0 16.0 >0
—— MUK2 (onbiT) | MIC2 (experiment)

CpepaHee 3Ha4veHue | Mean 227+17
= MUK1/MUK2
g’ 150 - Ne | No. | MUK+ | MIC1 | MUKz | MIC2 MIC1/MICa
o1204  # R 8 | 1852 8,0 <4, 22,0
- A N
O 94 ! v 199/21 2128,0 <4,0 2 32,0
= !N ' v
= 60y [} ; 291/21 <40 <4,0 1,0
E 304/ \ /A\ Ill \ 313/21 8,0 <4,0 22,0
e Mﬁ : 521/21 32,0 <4,0 > 8,0
|_

NN NN NN NN NG
bsﬂ %QD\‘LQQ\%Q’,\\’I/ ,{b\q' q:\\q/(bg\'l/rbb{b(b(&‘b bfo\q/ <0 660/21 8,0 <40 220
= NN P Y o @ 0 ) T
834/21 >128,0 <4,0 232,0
KnnHnyeckune nsonstbl 6akrepumn
Clinical isolates of bacteria 838/21 =128,0 =40 2320
846/21 32,0 32,0 1,0
---A--- MUK1 (koHTponb) | MIC1 (control) ’ ’ ’
> < >
—— MUKz (onbiT) | MIC2 (experiment) ATCC 21280 =40 2320
CpeaHee 3HaveHue | Mean >214,4+39
MUK1/MUK2
S 1 Ne | No. | MUK+ | MIC1 | MUKz | MIC2 MIC1/MIC:
£ 1 185/21 8,0 2,0 4,0
N
5 1 199/21 8,0 2,0 4,0
2 291/21 8,0 <1,0 >8,0
c 313/21 8,0 2,0 4,0
f', 521/21 8,0 2,0 4,0
S 660/21 8,0 <1,0 >8,0
¥
g 834/21 8,0 2,0 4,0
KnuHuyeckue nsonstbl 6aktepuin 838/21 16,0 <1,0 = 16,0
Clinical isolates of bacteria 846/21 8.0 16.0 0.5
---A--- MUK1 (koHTponb) | MIC1 (control) ATCC <1,0 2,0 0,5
—— MUK2 (onbiT) | MIC2 (experiment) CpepHee 3HayeHue | Mean 53+2,3

Puc. 1. BnuaHue noBnaoH-noga Ha YyBCTBUTENBbHOCTb KNMHUYECKMX M3onsaToB K. pneumoniae
K amokcuuunnuy/knasynaHoson kucnote (AMC), nunepaunnnuny/Tazobaktamy (TZP) n uedtasugumy (CAZ).

Fig. 1. The effect of povidone-iodine on the sensitivity of clinical isolates K. pneumoniae to amoxicillin/clavulanic acid (AMC),
piperacillin/tazobactam (TZP), and ceftazidime (CAZ).
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MWK CIP, mr/n | MIC CIP, mg/l MWK FEP, mr | MIC FEP, mgl/l

MWK GM, mr/n | MIC GM, mg/l
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MWK1/MNK2
80 - Ne | No. | MMK1 | MIC1 | MUKz | MIC: MIC./MICs
60 - p-h 185/21 <1,0 <1,0 1,0
l’ \
[ 199/21 <1,0 <1,0 1,0
40 A / \
':' ‘.‘ IA 291/21 4,0 <1,0 24,0
20 | { Vo 313/21 >64,0 <1,0 > 64,0
0 Lotk oo i o d 2 521/21 > 64,0 <1,0 2 64,0
9.)\{1’ Q’\q, \\q, \q,q/ q,Q)Q\q, bg‘[, < 660/21 <1,0 <1,0 1,0
TP o © ® I v 834/21 32,0 <1,0 2320
KnuHnyeckne nsonatel 6akrepumn 838/21 >64.0 <10 >64.0
Clinical isolates of bacteria - I v
846/21 32,0 4,0 8,0
---A--- MUK1 (koHTponb) | MIC1 (control) ATCC <1,0 <1,0 1,0
—— MUKz (onbiT) | MIC2 (experiment) CpeaHee aHadeHue | Mean 223250
- MWK1/MWKz
10 Ne [ No. | MUK1 | MIC1 | MUKz | MIC: MIC /MICs
8 - A 185/21 4.0 <0,25 =16,0
6 /'I ‘\‘ 199/21 4,0 <0,25 =16,0
4 . A“'A“'A“'A“‘A“'A“'Al ‘A\ 291/21 4,0 < 0,25 > 16,0
2 ‘A 313/21 4,0 <0,25 >16,0
0 Le—a—e—o oo ooty |52121 4,0 <0,25 16,0
660/21 4,0 <0,25 =16,0
(0\'1/ Q’\'I/ ,\\'1/ ,&\%%'\\%@Q\%rbb(\% Q:‘\‘1/ b@\q/ ,&O
P ©¥ © v 834/21 4,0 <0,25 216,0
KnuHuyeckne nsonsatel 6akrepun 838/21 8.0 <025 >16.0
Clinical isolates of bacteria ’ I -7
846/21 4,0 1,0 4,0
---A--- MUK+ (koHTponb) | MIC+ (control) ATCC 2,0 <0,25 >8,0
—— MKz (onbiT) | MIC2 (experiment) CpeaHee 3HaueHve | Mean >156+3,9
i MUK1/MUIK
10 Ne | No. | MVK1 | MIC1 | MUKz | MIC2 MIC MICs
81 A 185/21 40 <1,0 >4.0
6 - 199/21 4,0 2,0 2,0
4 o D-=-Am=-Domfmmtmm - A A 291/21 4,0 <1,0 24,0
2 1 W 313/21 4,0 <1,0 >4,0
L , T | 52121 4,0 2,0 2,0
O
<o\‘I/CDQ)\‘L ,\\‘L ,,J\‘I/q:\\‘b(bg\‘l/ b‘\‘1/ Q}'lz Q’\(L?’SO 660/21 4,0 2,0 2,0
FRTP T S 834/21 4,0 2,0 2,0
KnuHnyeckne nsonatel 6aktepun
Clinical isolates of bacteria 838/21 8.0 <10 28,0
846/21 4,0 2,0 2,0
---A--- MUK1 (koHTponb) | MIC1 (control) ATCC 2.0 2.0 10
—&— MUK2 (onbIT) | MIC2 (experiment) CpenHee aHaueHme | Mean >31+17

Puc. 2. BnnsiHne noBnaoH-mofa Ha YyBCTBUTENbHOCTb KMMHUYECKUX U3onaToB K. pneumoniae
k uecpenmumy (FEP), umnpodnokcaumny (CIP) n reHtamuupmny (GM).
Fig. 2. The effect of povidone-iodine on the sensitivity of clinical isolates K. pneumoniae to cefepime (FEP),
ciprofloxacin (CIP), and gentamicin (GM).
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. MUK1/MWK2
= 80 Ne | No. | MUKt | MIC1 | MUKz | MIC2 MIC1/MICa
; 60 1 4 f 185/21 > 64,0 4,0 >16,0

\‘ 1 \‘
S 0 | N 199/21 8,0 4,0 2,0
O 4 \ 'l \\
= \ FAEEY 291/21 8,0 <20 24,0
= 20 1 A \ 313/21 16,0 4,0 4,0
pd
i 0 —— 521/21 16,0 4,0 4,0
S R AR R OR AR UK AR R
3 Y AN el QY QY v o\ A 660/21 8,0 4,0 2,0
) \%b ®q v rb\rb < @‘"OQ Cb(bb‘ q;b% Cbbg) é 834/21 16,0 8,0 2,0
KnuHunyeckue nsonsTel 6akTepuin ’ ’ ’
Clinical isolates of bacteria 838/21 >64,0 4.0 >16,0
846/21 8,0 8,0 1,0
---A--- MUK (koHTponb) | MIC1 (control) ATCC 80 80 10
—&— MWKz (onbIT) | MIC2 (experiment) c , M : >5 9,+ 09
penHee 3HaveHue | Mean 259+2,
>
€ ~ MUK1/MUK2
o 5 Ne | No. | MUK+ | MIC1 | MUKz | MIC2 MIC1/MICa

L 4 Ay 185/21 2,0 - -

©) K ‘\

= 3 1 J 199/21 2,0 1,0 2,0

5 2 bshpaneA 291/21 2,0 2,0 1,0

1 4 313/21 2,0 2,0 1,0

l_

L o0 —+————————— | 521/21 2,0 1,0 2,0

x NN N NN N NN NG

= VAR R R R e

A7 N A o) NV QY pY v Q¥ & 660/21 2,0 1,0 2,0
) PRl & N 834/21 4,0 1,0 4,0
KnuHnueckue n3onstel Gaktepuii ’ ’ ’
Clinical isolates of bacteria 838/21 4,0 0,5 8,0
846/21 1,0 1,0 1,0
---A--- MUK MIC trol
1 (KOHTponb) | 1 (control) ATCC 10 10 10
—&— MUK2 (onbIT) | MIC2 (experiment) Cpeaee araverme | Mean 2416
>
£ MUK1/MVIK2

Eﬁ 8 /A---L}“ Ne | No. | MUK1 | MIC1 | MUKz | MIC2 MIC/MICa

=6 - 185/21 4,0 2,0 2,0

O / \

= / \ 199/21 2,0 2,0 1,0

—44A -4 \

5 Y \ 291/21 2,0 1,0 2,0

Z2 1 e—a-A A 313/21 4,0 1,0 4,0

=

UEJ 0 - ' A 521/21 4,0 2,0 2,0

x AIATARGAIGATGANAS) 660/21 4,0 1,0 4,0

g cz;o\‘l/ q\"1/ N ‘29/ ,\\’LCOQ\"I/ W <Z)\'1/ bg)\'1/ <0
N N © ® 834/21 8,0 2,0 4,0

KJ'IVIHI./IL!eCKI./Ie M30MATbI 6aKT¢_apV||7| 838/21 8,0 1.0 8,0
Clinical isolates of bacteria
846/21 2,0 1,0 2,0
==-A-=- MUK1 (koHTponb) | MIC1 (control) ATCC 1,0 1,0 1,0
—&— MUK (onbIT) | MIC2 (experiment) CpepHee 3HaveHue | Mean 30+1,8

Puc. 3. BnusHue noBnaoH-noga Ha YyBCTBUTENBHOCTL KNMHUYECKMX M30NSTOB K. pneumoniae
k amukauuHy (AN), sptaneHemy (ETP) u meponeHemy (MEM).

Fig. 3. The effect of povidone-iodine on the sensitivity of clinical isolates K. pneumoniae to amikacin (AN),

ertapenem (ETP),

and meropenem (MEM).
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> MWK1/MUK2
gﬁ Ne | No. | MUK+ | MIC1 | MUKz | MIC2 MIC1/MICa
x 185/21 1,0 <05 2,0
zZ
O 199/21 4,0 2,0 2,0
= 291/21 1,0 <05 2,0
=
E 313/21 1,0 <05 2,0
%:“ 521/21 2,0 <05 4,0
5 660/21 1,0 <05 2,0
S 834/21 2,0 1,0 2,0
KnuHuyeckne nsonatel 6aktepuii 838/21 4.0 <05 8.0
Clinical isolates of bacteria . ’ ’
846/21 1,0 2,0 0,5
---A--- MAK1 (koHTponb) | MIC+ (control) ATCC 0,5 1,0 0,5
—— MUK2 (onbiT) | MIC2 (experiment) CpeqnHee 3HaveHue | Mean 2516
E /
600 - MWK1/MUK2
Eﬂ A Ne | No. | MUK | MIC1 | MUKz | MIC2 MIC1/MICa
&) 7 \ 185/21 128,0 64,0 2,0
= 400 - Y
— \ 199/21 128,0 64,0 2,0
c \
= p 291/21 128,0 64,0 2,0
',f 313/21 128,0 64,0 2,0
é 0 — 521/21 128,0 64,0 2,0
N AN AN AN AN NN NG
Q)b\rpqo)\mq\\q, '{b\q, q:\\rp@\rprb&m%‘gm b@\q, \?’So 660/21 256,0 64,0 4,0
NN Q7 T O Q0 YT T @ 834/21 256,0 64,0 4,0
KnuHnyeckne nsonatel 6akrepumn
Clinical isolates of bacteria 838/21 512,0 128,0 4,0
846/21 128,0 256,0 0,5
---A--- MUK1 (koHTponk) | MIC1 (control) ATCC 128,0 128,0 1,0
—&— MUKz (onbIT) | MIC2 (experiment) CpefaHee 3HaveHue | Mean 235+15

Puc. 4. BnusHve noBnaoH-noaa Ha YyBCTBUTENBHOCTb KMMHUYECKUX n3onsToB K. pneumoniae k HopdnokcaunHy (NOR)

1 HUTpodpypaHTomny (FT).

Fig. 4. Effect of povidone-iodine on the susceptibility of clinical isolates K. pneumoniae to norfloxacin (NOR)
and nitrofurantoin (FT).

CUHTETUYECKUM TIOJIMMEPHBIM TOJUBUHMWINIHAPPOIIHU-
JOHOM (TIOBHJIOHOM), MOBPEXKAAET KIETOUHBIE CTCHKU
MHUKPOOPTaHU3MOB 3a CUET OKUCJIEHUS aMMHOKHCIIOT,
conepxamux SH- u OH-rpynnel. Taxxe oH OKHCIsSET
OakTepuanbHble PEPMEHTH U TpaHCMeMOpaHHbIE Oell-
KM, TIPY 3TOM M3MEHSETCS UX YETBEPTUUHAS CTPYKTypa
Y OHU TEPAIOT KaTaJIUTHYECKYIO0 U (PyHKIHOHAIBHYIO
AKTUBHOCTb.

[IpencraBnennsie B paboTe pe3ynbTaThl MONY-
YeHBI NPU BBHIIIOJIHEHUH HAYYHOH TE€MBI IO U3yYEHHUIO
BIIMSIHUA CyOleTaabHBbIX KOHIEHTpAui ONOIHUI0B Ha
(hopMHpOBaHUE MHOKECTBEHHON YCTOWYMBOCTH MHU-
KPOOPTraHU3MOB K NPOTUBOMUKPOOHBIM CpEACTBaM.
B xozxe uccnenoBaHuii Mbl MIPOBENIM aalTalUIO KIU-
HUYECKHX H30JATOB K. pneumoniae Kk 6 Ououngam
(x7oprekcuanH, OCH3aJIKOHUYM XJIOPUA, MOJHUIeKca-
METWIEHTYaHUJAUH THAPOXJIOPHUAA, INHKOJIeBas KHUC-

JOTa, STAaHOI W TMOBUAOH-HOA) C HCHONB30BAHUEM
METOJla aJIalTUBHOMN JlabopaTopHOW 3Botonuu [25]
U yCTaHOBWJIM, YTO TOJBKO OIWH M3YUYCHHBIH aHTHU-
CeNTHK, a UMEHHO MOBHUJIOH-HOJ, MPUBOAMI K MOBBI-
LICHHUIO YYBCTBUTEIBHOCTH U3YYSHHBIX KIMHUYECKHUX
H30JIATOB K aHTHOWOTHKaM. JlaHHBIE MO BIUSHUIO
XJIOpreKcuauHa, OCH3aJIKOHMS XJIOpHAa, MOJUTeKca-
METHJICHTYaHUJIMH TUAPOXJIOPHJA, TIIMKOJICBOH KHC-
JIOTBl M STaHOJNA Ha CEJEeKIUI0 YCTOHYMBOCTH K aH-
TUOMOTHKAaM OTCYTCTBYIOT B JaHHOH CTaTrbe W OyAyT
OIyOIMKOBaHBI TTO3XKeE.

JlocTOBEpHOCTD MONYYEHHBIX PE3yIBTaTOB MOXKET
OBITH TIOATBEpXKIEHA TEM, YTO IMpPEACTaBICHHBIE IaH-
HBIE TIOJTY4EHBl IPU OAHOBPEMEHHOM MMOCTaHOBKE KapT
JUIst KOHTpOJIbHOU (1 = 10) u amantuposanHoii (n = 10)
IPYIN MUKPOOPTaHU3MOB, B Pa00OTE UCIOJIL30BAIH OJI-
Hy TapTUIO KapT, OIUH aBTOMAaTW4eCKUH aHaJIn3aTop,
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Puc. 5. llaGopaTtopHble 0T4ETHLI N0 ONPeaEneHNto YyBCTBUTENBHOCTU KNMHUYECKOro usonata K. pneumoniae
Ne 199/21 k aHTUBMOTUKaM (3aBepLueHo 26.01.2022, Tun kapTbl: AST-Ne 204,
npubop, ncnonbdyembivi Ansa tectuposaHms, — 00000A69B991 («VITEK 2C»).

Fig. 5. Laboratory reports on the determination of the sensitivity of the clinical isolate K. pneumoniae Ne 199/21 to antibiotics
(completed on 26.01.2022, card type: AST-Ne 204, device used for testing 00000A69B991 ("VITEK 2C")).

ofuH HaOOp MHTATEIbHBIX Cpel U pacTBOpoB. Mccie-
JIOBaHUs IIPOBOJAUI OJUH OLEPATOP.

3akniouyeHuve

Hert nannbix, kakum 00pa3oM HHU3KHE KOHIIEHTpA-
LUK TIOBUI0H-H0/Ia MOTYT CTUMYJIUPOBATh OBBILICHUE
YyBCTBUTEJIBHOCTH OakTepuii K aHTUOMOTHKaM, HO,
0e3yCIOBHO, STOT (peHOMEH TpeOyeT JalbHEeHIIero u3-
yUeHHS U OOBSICHEHHUS.
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The Russian database of HIV antiretroviral drug resistance

Dmitry E. Kireev™, Alina A. Kirichenko, Alexey E. Lopatukhin,
Anastasia V. Shlykova, Nikolai Yu. Galkin, Evgenii V. Saveler,
Maxim B. Glazov, Vadim V. Pokrovsky, Vasily G. Akimkin

Central Research Institute for Epidemiology, Moscow, Russia

Abstract

The development of sequencing technologies and bioinformatic analysis made it possible to conduct molecular
and epidemiological studies, in which nucleotide sequences of the human immunodeficiency virus (HIV) are
used as information added to the patient profile. From a practical perspective, studies of prevalence of HIV drug
resistance (HIVDR) are of the highest significance. To promote such studies, different countries use databases
that serve as repositories of genetic and epidemiological information. The Russian HIVDR database (https://
hivresist.ru/) was created in 2009. Nevertheless, it was characterized by limited applicability for a long time. Since
2021, after the regulatory documents had been revised and updated, the entry of HIVDR research results into
the Russian HIVDR database has been mandatory. Therefore, the priority attention has been given to upgrading
the database and improving its functional capabilities. Different methods have been developed to enter clinical,
epidemiological and genetic data. At the time of this study, the Russian database HIVDR contained 10,626 unique
records about patients and 13,126 nucleotide sequences deposited by 10 institutions. The following functions
have been provided for data analysis: quality control of the epidemiological and clinical information about a
patient, quality control of nucleotide sequences, contamination check, subtyping, detection of DR mutations,
identification of viral tropism and generation of standardized reports. The efforts toward further development of
the Russian HIVDR database will be focused on designing tools for detection and analysis of molecular clusters,
adaptation to routine application for epidemiological surveillance of HIV infection.

Keywords: HIV, drug resistance, database, nucleotide sequence, quality control, subtyping, molecular clusters,
molecular epidemiology
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Poccninckan 6asa paHHbix ycronunsoctu BUY
K aHTUPEeTPOBUPYCHbIM NpenapaTtam

Kupees [.E.”, KupnueHko A.A., JlonatyxuH A.3., LLUnbikoBa A.B., FankuH H.10.,
CaBenbep E.B., lnasoB M.b., lMNokposBckui B.B., AKUMKINH B.T.

LleHTpanbHbI Hay4YHO-MCCNIef0BaTENIbCKUN MHCTUTYT anuaemuonorumn PocnotpebHaasopa, Mockea, Poccua

AHHOMauus

Pa3Butre TEXHONOrMI CekBeHWpoBaHus U BUOMHOPMAaTUYECKOrO aHanmsa Aano BO3MOXHOCTb NPOBEAEHUS
MOSEKYNSPHO-3NMAEMNOINOTMYECKNX MCCNeoBaHUIN, B KOTOPbIX HYKNEeoTUAHbIe NocrnenoBaTenbHOCTU Bupyca
ummyHopedmunta yenoseka (BUY) ncnonb3yoTcs B KadecTBe AOMOMHUTENbHOM XapaKTepUCTUKU MauueHTa.
Mpu aToM Hanbonee 3HaYNMbIM C NMPAKTUYECKON TOUKU 3PEHNSI HaMpaBieHWeEM paboT siIBNSETCA U3ydeHne pac-
NpOCTPaHeHUs nekapcTBeHHoM yctonunsoctu (1Y) BUY. B pasnuyHbix cTpaHax Anst opraHM3auum Takux nccne-
AOBaHUM NpUMeHSATCA 6a3bl AaHHbIX, ABMAOLMECS XPaHWUITULLEAMU FEeHETUYECKON U 3ANMAEMMNONOrMYECKON MNH-
dopmaummn. Poccuiickasi 6a3a gaHHbIX ycTonunsocT BUY k aHTupeTpoBupycHbiM npenapatam (https://hivresist.
ru/) 6eina cozgaHa B 2009 r. Tem He MeHee OnNUTENbHOE BpPeMsi €€ NPUMEHEHNE OCTaBanoch OrpaHUYEHHbIM.
C 2021 r. nocne 06HOBNEHNsST HOPMATMBHBIX OKYMEHTOB BHECEHWUE pe3ynbTaTtoB nccriegosanuii J1TY BUY B poc-
cuickyto 6a3y aaHHbIX ycTonumBocTn BUY k aHTMpeTpoBupycHbIM NpenapaTtam ctano obssatensHeiM. B cBa3m
C 3TMM GbINK NpoBeAeHbl paboTbl N0 YyCOBEPLUEHCTBOBaHWIO 6a3bl AaHHbIX Y yBEMMYEHNIO €€ DYHKLMOHAMNbHbIX
BO3MOXHOCTEW. bbinu paspaboTaHbl pa3nMyHbie Cnocobbl BHECEHUS KIMMHUKO-3NNAEMNONOrMYECKNX N reHeTnYe-
CKMX AaHHbIX. Ha MOMeHT HanucaHusa nybnukauum poccuinckas 6asa gaHHbix JTY BUY cogepxxana 10 626 yHu-
KanbHbIX 3anucen o nauyeHTtax u 13 126 HykneoTuaHbIX nocrneaoBaTenbHOCTEN, 3arpy>KeHHbIX 10 yupexaeHus-
Mu. [Ins aHanu3a gaHHbiX Obinn pa3paboTaHbl cnegyowme pyHKUUN: KOHTPOSb KayecTBa annaemMmnorormyeckon
N KNUHMYECKOM MHdOopMaLMK O NauueHTe, KOHTPOSb KAYeCTBa HYKNeoTUAHbIX NOCNenoBaTerlbHOCTEN, MPOBEpKa
Ha KOHTaMuHaLuio, cy6TUNMpoBaHue, BbisiBreHe MyTauuii J1Y, onpegeneHme BUpycHOro TponuamMa v reHepaums
CTaHAapTM3NpOoBaHHbIX OTYETOB. B nnaHax no ganbHenwemy passutuio poccuickorn 6asel gaHHbIx JTY BUY —
pa3paboTka MHCTPYMEHTa Ans BbISIBNIEHUS U aHanM3a MOMEeKymnsipHbIX KNacTepoB U ajantauns aAnst pyTUHHOMo
Mcnonb30BaHWs B paMKax anugemuonormyeckoro Hagsopa 3a BUY-nHdpekumen.

KnroueBble cnoBa: BUY, nekapcmeeHHas ycmouldueocmb, ba3a OaHHbIX, HyKrneomudHas rocrnedosamerib-
HOCMb, KOHMPOJIb Ka4ecmeaa, cybmunuposaHue, MOMEKYSPHbIE KIIacmepbl, MOMEKyIsapHas anudemuosnoausi

BnarogapHocTu. ABTOpbI BbipaxatoT 6rnarogapHocTb Cepreto Bnagumuposudy LLTpeky, 3aBegytowemy nabopato-
pven Omckoro HN npupoaHo-ovarosbix MHMeKumn Crnbupckoro deagepanbHOro OKPYXXHOrO LieHTpa no npodunak-
Tuke u 6opbbe co CIMNWA; Hatanbe HukonaesHe 3aiiueBon, aupekTopy, n Onbre OpbeBHe MNekweBon, 3aBeayoLuei
nabopartopuen MOnNeKynspHO-reHETUYECKNX U CEPONOrMYecknx meTodos mccnegosanHns Hukeropogckoro HAW anu-
aemuonorum u Mukpobuonorum um. akagemuka W.H. BrnioxvuHon; Muxauny BanepbeBudy MNMutepckomMy, pykoBoauTento
YpanbCckoro oKpy>Horo LieHTpa no npodunaktuke n 6opsbe co CrNNL EkatepmHbyprckoro HAM BupyCcHbIX nHbekumn;
CsetnaHe BnagmmunpoBHe AuwieHko, 3aBeaytoLlert nabopatopueit 6akTepronornyeckmx U MoneKynspHo-reHeTUYeCcKmx
nccnenosaHuin KpacHosipckoro KpaeBoro LeHTpa npodunaktikm n 6opebbl co CIMW[; Hatanse BnagummnposHe du-
TIOHIOK, 3aBefyloLLen KMMHUKO-UMMYHoMorn4yeckon nabopatopuent Jlunewkoro obnacTHoro LeHTpa no npodunaktuke
n 6opbbe co CMNNA n nHdekumoHHbIMM 3abonesannamu; Angpeto Bopucosudy LLiemiuype, Bpady knuHuyeckon nabo-
paTopHOW AnarHOCTUKM KnnHnyeckoro LeHTpa npodunaktukm n 6opbbbl co CMNL MuHucTtepcTBa 30paBoOXpaHeHUs
KpacHogapckoro kpasi; Omutpuio Cepreesndy KonnakoBy, 3aBeaytoLeMy KIMHUKO-AWArHOCTUYecKon naboparopuen
Poctosckoro HW mukpobuonorum n napasutonornv; MapuHe PugosHe BobkoBoii, 3aBeaytoLLein nabopatopuert BUpYy-
coB nenko3os HALIOM nm. H.®. Namaneu; Banepuu OnerosHe KotoBon, 3aBeaytoLen nabopartopuen anuaeMmmonorum
1 npocpunakTukn BUpycHbix renatntoB u ClMOa Xabaposckoro HAW anugemmonorum n mukpobronorum 3a BHeceHne
MOMEKYNAPHON, 3NMMAEMNONOrMYECKON N KNMHUYECKON nHcpopmaummn B Poccuiickyto 6asy AaHHbIX ycTonunsoctn BUY
K aHTUPETPOBMPYCHBIM MpenapaTam.

UcTtouHuk cpuHaHcupoBaHuA. Pabota BbinonHeHa B pamkax BHyTpeHHero rpaHta LIHWW 3nugemuonorum Pocno-
TpebHaa3opa Ha yHaaMeHTanbHoe uccnenoBaHne «Passutue Poccuinckor 6a3sbl 4aHHbIX TeKapCTBEHHOW YCTOWYN-
BoCTU BNY-1 Kk aHTUPETPOBMPYCHBIM NpenapaTam».

KoHbnUKT MHTepecoB. ABTOPLI AeKNapupyoT OTCYTCTBUE SIBHBIX U MOTEHLMATbHLIX KOH(IMKTOB MHTEPECOB, CBSA3aH-
HbIX C NyBnvKauueit HacTosILLel cTaTb.

Ansi yumupoeaHus: Kupees [.E., Kupnuenko A.A., NlonatyxuH A.3., WnbikoBa A.B., Mankux H.1O., Casenbep E.B.,
ma3soB M.B., Mokposckuii B.B., AkumkuH B.I. Poccuiickas 6asa gaHHbix yctonumBocTu BUY k aHTMpPEeTpoBUPYCHBIM
npenapartam. XKypHan mukpobuonoauu, snudemuonozauu u ummyHobuonoauu. 2023;100:online-first.
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Introduction

Molecular and genetic technologies have be-
come indispensable tools in diagnosis, epidemiology,
and treatment of infectious diseases. For more than 20
years, methods of identification of nucleotide sequenc-
es (NS) of the human immunodeficiency virus (HIV)
have been used for detecting drug resistance (DR) of
the virus and subsequent assessment of effectiveness of
antiretrovirals (ARVs). With the growing number of ex-
isting drugs and patients receiving antiretroviral therapy
(ART), the significance of the analysis and the number
of related studies are increasing. In the meantime, the
intermediate results of virus DR studies, namely NS,
can also be used in epidemiology to study patterns of
the virus spread. In this case, information about the vi-
rus can be seen as an additional parameter, which is an-
alyzed together with epidemiological, clinical, and de-
mographic characteristics of a HI V-infected individual.
Being an objective parameter, NS are especially useful
in studies of diseases difficult to diagnose, chronic, and
associated with a high level of stigma.

Therefore, storage of molecular data and relat-
ed information about a patient, including their further
analysis, is an important aspect of the research on ep-
idemiology of HIV infection. There are continuously
expanded national and regional HIV NS databases.
The most complete national databases in Switzerland
[1] and the United Kingdom [2] contain information
about more than 50% of HIV-infected residents of
these countries. Genetic data on the virus are added to
these databases mainly through HIVDR studies per-
formed during routine healthcare delivery to HIV-in-
fected individuals.

The growth rate of the HIV infection epidemic in
Russia is much higher than the respective rates in de-
veloped countries. In 2021, the reported incidence rate
was 48.7 per 100,000 population, while the prevalence
rate was 782.0 per 100,000 population. At the end of
2021, there were 1,137,596 people living with HIV in
Russia and more than 660,000 people took ARVs. In
the meantime, every year, more than 15% of patients
taking ARVs do not reach an undetectable viral load'.
According to the standard healthcare requirement, HIV
drug resistance tests should be available to each tenth
patient with HIV two times a year?.

Considering the scale of the epidemic and the re-
quirements of the regulatory documents, Russia needs
more than 100,000 HIVDR-related tests annually.

' HIV infection in the Russian Federation as of 31/12/2021. AIDS
Prevention and Control Report of the Central Research Institute
of Epidemiology, Rospotrebnadzor. URL: http://www.hivrussia.
info/wp-content/uploads/2022/03/Spravka-VICH-v-Rossii-na-
31.12.2021-g.pdf

2 Decree No. 438n of the Ministry of Health of the Russian Fe-
deration, 23/6/2022, On Approval of the Standard for the Primary
Healthcare for Adults with HIV Infection (Diagnostics, Treat-
ment, and Follow-Up Monitoring).

However, due to high costs, labor inputs, and insuffi-
cient equipment of laboratories at centers for preven-
tion and control of AIDS and infectious diseases (AIDS
centers), the actual number of tests is less than 10%.
In 2020 and 2021, the total number of reagent kits pur-
chased for HIVDR tests was 7,438 and 7,232, respec-
tively®. Therefore, due to the objective reasons, with the
same financial support provided to the AIDS centers
and the same sequencing technologies used in Russia,
the required coverage of HIV-positive individuals by
DR tests will not be reached. In addition, the results of
the existing few HIV drug resistance tests are often un-
available for further epidemiological studies due to the
absence of the tool for collection, storage, and analysis
of the information.

To minimize losses of virus-related genetic data
and to monitor HIVDR, the Central Research Insti-
tute of Epidemiology of Rospotrebnadzor created a
Russian database of HIV resistance to ARVs (RDB;
https://www.hivresist.ru/). The use of RDB was first
governed by the methodological guidelines of 2013*
and then by the methodological instructions of 2016.°
Starting from 2021, in accordance with the revised San-
itary Regulations and Standards 3.3686-21°, all AIDS
centers have to deposit NS obtained during HIVDR
tests and the related depersonalized information about
patients to RDB.

Acquisition of genetic information about the virus
and its subsequent bioinformatic analysis can improve
the effectiveness of epidemiological surveillance of
HIV infection, improve the quality of healthcare de-
livery and, eventually, contribute to reduction in new
cases. The advanced analysis techniques have entailed
improvement of RDB.

The purpose of the article was to describe the
functional capabilities of the Russian HIV antiviral
drug resistance database with reference to the NS anal-
ysis and related information about patients.

Programming languages
and bioinformatic methods
The internal part of RDB is accessible only to
registered users and is supported by PHP, JS, HTML,
CSS languages. The external part is accessible to any

3 The International Treatment Preparedness Coalition, Eastern
Europe, and Central Asia. Analysis of Purchases of Diagnostic
Tools for HIV Treatment in Russia in 2020-2021. 2022. URL:
https://itpc-eeca.org/wp-content/uploads/2022/07/monitoring-
testov-vich-2020-21-gg-1.pdf

4 Methodological guidelines "Monitoring of the Spread of HIV
Strains Resistant to Antiviral Drugs". Moscow, 2013.

5 Epidemiological Surveillance of HIV infection. Methodological
instructions. Moscow, 2016.

6 Resolution No. 4 of the Chief Public Health Officer of the Rus-
sian Federation, 28/1/2021, On Approval of Sanitary Regulations
and Standards 3.3686-21 "Sanitary and Epidemiological Re-
quirements for Prevention of Infectious Diseases" (as amended
on May 25, 2022)".
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user of the Internet and operates on the Bitrix plat-
form.

The statistics is updated automatically at the
specified time intervals. The data for the home page
are acquired through API (Application Programming
Interface) in the json format. Charts displayed on the
home page of the website are built using the ChartJS
library.

The analysis of NS for identification of subtypes,
for the presence of resistance mutations and DR to
ARVs was performed using resources of the database
of the Stanford University (https://hivdb.stanford.edu/).

The assessment of NS encoding the V3 loop for
viral tropism was performed using the resource of the
Max Planck Institute for Informatics (https://corecep-
tor.geno2pheno.org/).

The uploaded NS were screened for contamina-
tion using the BLAST (Basic Local Alignment Search)
tool. The threshold was set at the 98% and 99% levels
of absolute and relative genetic similarity between NS.

Entry of information into the database

There are two options for uploading information.
In the first option, information is entered manually for
each patient. This option is recommended when data
are added to the database regularly.

Different methods of filling fields in a patient card
are offered to make information entry easier. The first
method includes a drop-down list and a selection of the
offered options, thus eliminating the risk of errors asso-
ciated with manual entry. It is backed up by directories
containing information about cities/towns/localities,
ARVs, codes related to causes of HIV infection and
HIV testing. The second method is used for automatic
selection of the region of residence and federal district
when the city of residence is entered. The third meth-
od is used for selection of multiple ARVs. All methods
have prompts and filters. The filters offer the selection
between the full and short name of an ARV from the
drop-down list.

Any changeable variables such as HIV RNA le-
vels or CD4 cell counts can be added to the patient card
at any time. The accuracy of records is constantly mon-
itored; for example, the initial treatment date cannot be
later than the date of its completion. All the detected
errors are highlighted with red color to be noticeable to
the user. Autofill and flash fill features are provided. If
any changes in the existing lists are required, including
addition of new ARVs, the directories can be amended
by RDB administrators.

The second option is used when data on multiple
patients must be entered to a spreadsheet that is up-
loaded to the database. The spreadsheet template can
be downloaded by any user and is available in the user
account in RDB.

At any time, users can go back to the already add-
ed patients to update the information or add new data.

REVIEWS

Quality control of information entered
into the database

Quality control of epidemiological
and clinical information about patients
in uploaded spreadsheets

When using spreadsheets for bulk upload, the da-
tabase provides the following screening features:

* screening for accuracy of filling the template;

* screening for identical reference numbers of

patient cards;

* matching the reference numbers of new patient

cards against the numbers existing in RDB;

* verification of the new information about the

patient against the existing data.

In all cases, if any duplicate is detected, when up-
loading records of the patient, whose data exist in RDB,
the system asks the user to confirm that the new infor-
mation does not contain any errors, and after the con-
firmation is received, the new information is added to
the existing records. The system searches for duplicate
entries by matching reference numbers of cards and by
the matching combination of the patient’s date of birth,
the date of their first positive immunoblot, and the pa-
tient’s sex.

Quality control of nucleotide
sequences

To evaluate the quality of new NS, we have devel-
oped an algorithm with the following parameters: the
number of the first amino acid coded by NS; the number
of the last amino acid coded by NS; the number of read-
ing frame shifts, insertions/deletions, stop codons, de-
generate positions, APOBEC, and atypical mutations.
New NS are analyzed using the offered algorithm and,
if any NS of inadequate quality is detected, are marked
by respective flags. The user is offered several options:
To delete the flagged NS from the pool intended for up-
load or to edit and upload the edited NS or to upload
NS as they are, without any changes. To prevent any
errors in the results of subsequent analyses when they
fail the quality control, NS are marked as controversial
and are not used in further data analysis and generation
of standardized reports.

Contamination screening

To detect any contamination of specimens, which
may have occurred during the test, we have developed
a program to measure the genetic similarity of the new
NS uploaded to RDB. After the fasta file with the new
and existing NS is converted into a binary format, ge-
netic similarity is measured for different NS groups
(within one group uploaded to the database at the same
time; within the group uploaded to the database in the
last 3 months; within all NS uploaded by a specific in-
stitution). If any abnormally high genetic similarity be-
tween the analyzed NS has been identified, the program
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marks these NS and notifies the user about possible
contamination.

Analysis of entered information,
export of data and generation of reports

Analysis of nucleotide sequences

The automated NS analysis is performed using
specially developed tools. At present, functional capa-
bilities RDB are implemented through the most prac-
tically important set of tools for genetic data analysis.
The analysis is performed when HIV NS are uploaded
to RDB.

Genetic variants are identified using the algorithm
of the Stanford University. RDB exports NS to the uni-
versity website and then retrieves the information about
the specified genetic variants.

NS are assessed for presence of ARV resistance
mutations using the Stanford database. The sequence
is exported for the remote analysis and then the results
of analysis are imported, including automatic transla-
tion into Russian language. Upon the completion of the
analysis, the HIVDR information is stored in the pa-
tient’s individual card and can be exported as an Excel
spreadsheet or *.pdf file.

Viral tropism assessment is performed in RDB
when NS of the HIV gp120 envelope protein V3 loop
region are uploaded. The assessment is performed us-
ing the geno2pheno algorithm developed at the Max
Planck Institute for Informatics [3]. Then the informa-
tion about viral tropism is added to the patient’s indi-
vidual card.

Data download and report generation

Download functions are available both for all the
existing data and for part of the uploaded information.
Filters with main parameters can be used for download-
ed information, including the date of upload, the date
of blood collection, the date of diagnosis, the history
of ARV taking, etc. In addition, patient cards can be
downloaded in the *.pdf format.

The additional feature includes generation of a
standardized report based on the analysis of uploaded
data. The system collects the required data in RDB, an-
alyzes these data and generates a standardized annual
report. The report contains text fields, which users can
edit and update when required; it also has tables con-
taining data on patients and on prevalence of HIVDR
mutations in the region. The report also includes sta-
tistical data on the sex of patients, the infection routes,
HIVDR. Generated reports can be stored for further use
or downloaded in the *.pdf format. In addition, users
can download statistical graphs to use them in their re-
ports or presentations.

Number of users and amount of uploaded data

On 1/7/2022, a total of 10 users were registered in
RDB. The total number of unique records about patients
was 10,626 and the total number of NS was 13,126. The
numbers of records about patients and NS uploaded by
registered users are shown in Table 1.

Since molecular and epidemiological studies re-
quire clinical and epidemiological information, special
attention was given to acquisition of data on the pa-
tient’s sex, age, region of residence, presumed route of

Table 1. Information about users of the Russian HIV-1 antiviral drug resistance database and the amount of uploaded

information

Institution

Number of patients Number of sequences (genome region)

(records) pro-rev int | pro-rev-int| env full
Siberian Federal District Center for the Prevention and Control 1548 1548 0 0 0 0
of AIDS, Omsk Research Institute of Natural Focal Infections
Nizhny Novgorod Research Institute of Epidemiology and 82 82 0 0 0 0
Microbiology named after academician |.N. Blokhina
Yekaterinburg Research Institute of Viral Infections 265 275 0 0 0 0
Krasnoyarsk Regional Center for Prevention and Control of AIDS 62 62 0 0 0 0
Lipetsk Regional Center for the Prevention and Control of AIDS 57 57 0 0 0 0
and Infectious Diseases
Clinical Center for the Prevention and Control of AIDS 10 10 0 0 0 0
of the Ministry of Health of the Krasnodar Territory
Rostov Research Institute of Microbiology and Parasitology 175 175 0 0 0 0
N.F. Gamaleya Research Center of Epidemiology and Microbiology 3544 3544 24 0 93 0
Central Research Institute for Epidemiology 4801 4729 899 293 857 396
Khabarovsk Research Institute of Epidemiology and Microbiology 82 82 0 0 0 0
Total 10 626 10564 923 293 950 396

Note. Pro-rev — protease gene NS and 2/3 reverse transcriptase gene NS; int — integrase gene NS; pro-rev-int — protease, reverse
transcriptase and integrase gene NS; env — gp120 V3 loop protein NS; full — NS of the entire coding region of HIV genome.
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Table 2. Completeness of clinical and epidemiological information in patient records available in RDB

Patient profile

Patient records

n %
Sex available 10490 98,7
no data 136 1,3
Year of birth available 10 281 96,8
no data 345 3,2
Year of the first positive immunoblot available 10 344 97,3
no data 282 2,7
Alleged route of infection available 7998 75,3
no data 2628 24,7
Information about ARV treatment history available 10 295 96,9
no data 331 3,1
Region of residence available 10 143 95,5
no data 483 4,5
Information about ART regimens available 4342 81,2
no data 1005 18,8

infection, and the date of diagnosis as well as the pa-
tient’s history of taking ARVs and administered ART
regimens. Information about such data is shown in
Table 2.

Copyright and data exchange
between users

Any institution that has its user account has an ac-
cess to all the above mentioned tools of the database
and the information uploaded by employees of the in-
stitution. The information uploaded by employees of
other institutions can also be accessible, provided that
the institution has granted access. Thus, on the one
hand, RBD ensures confidentiality of the uploaded in-
formation. On the other hand, it offers the possibility of
fast exchange and joint analysis of collective data when
several institutions perform joint scientific and clinical
studies.

Conclusion

Collection and storage of genetic information
about the pathogen and the related information about
patients are of exceptional importance, and at the pres-
ent stage, the centralized analysis of these data is instru-
mental in addressing epidemiological issues. For exam-
ple, the Virus Genome Aggregator of Russia (VGARus)
[4], which was created during the COVID-19 pande-
mic, has demonstrated its indispensability in monitor-
ing of emerging viral variants and in the assessment of
their contagiousness.

For HIV infection, there are respective databases,
which are used for different purposes. Some resear-
chers use them to analyze general trends of epidemic
development [5, 6]; others use them for decisions on
epidemic control measures [7]. The most popular HIV

infection research areas in Russia, where the database
can be of high benefit, include DR studies [8] and the
analysis of spread patterns of different genetic variants
of the virus [9].

The most important characteristics of any data-
base are the amount of information, which it contains,
and functions addressing the specific tasks. They are
especially important for performance of molecular and
epidemiological studies, as the absence of the required
analysis tools turns the database into an ordinary repos-
itory, making it similar to spreadsheets, while the small
amount of information significantly affects the reliabil-
ity of research results.

The requirement for uploading HIV NS and the
related information about patients to the Russian HIV
antiviral drug resistance database in compliance with
the Sanitary Regulations and Standards 3.3686-21 of-
fers promising prospects that the amount of uploaded
information will increase in future. For this reason, one
of the priority tasks is to improve functional capabili-
ties of RDB. Due to the modifications that facilitated
the speed and easiness of uploading information, the
number of records entered into RDB has significantly
increased in the last years. By 1/11/2022, the number
of the most important protease and reverse transcrip-
tase gene sequences had increased to more than 10,000.
They outnumber the publicly available Russian HIV
sequences deposited to the Global HIV Database of
the Los Alamos National Laboratory (https://hiv.lanl.
gov). Currently, it contains a total of 8,875 sequences
deposited from Russia. It should be noted that in RDB,
each entry is provided with a much larger amount of
epidemiological and clinical information. In the Glo-
bal HIV Database, the information about some import-
ant details such as the date of diagnosis, the region of
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residence and ART regimens is absent, while in other
databases, the information about the presumed route of
transmission (54.2%), the patient’s sex (43.9%), and
age (16.9%) is missing in many records.

The user-friendly method offered in RDB for
entering patients’ characteristics helped increase the
amount of collected information; the data on the sex,
age, date of diagnosis, presumed route of infection, re-
gion of residence, and history of ARV taking are filled
at 93.4%. Thus, according to the Rospotrebnadzor data
on HIV infection in Russia as of 31/12/2021, the per-
centage of HIV-infected Russian citizens with known
HIV NS is 0.66% of the total number of detected cases
of infection (1,562,570 cases) and 0.90% of the number
of individuals living with HIV (1,137,596 people).

In addition to the increased number of records
in RDB, the quality of uploaded information has im-
proved significantly. The automated quality control de-
creases the risk of errors in clinical and epidemiological
characteristics of patients; it also minimizes the risk of
uploading false data regarding NS. We have found that
up to 5% of the uploaded NS are identical to each other,
demonstrating the discrepancy with the epidemiologi-
cal data of patients. This situation can take place either
due to errors during copying and entering data about
patients or due to contamination. Here, contamination
is defined as contamination of one clinical specimen by
another specimen during the test at a laboratory. Re-
gardless of the reason for present of identical HIV NS
in different patients, such error can have a disastrous
effect. Patients will receive the results of the DR ana-

lysis for the virus they are not infected with. The newly
developed contamination screening tool eliminates any
risk of such errors [10].

Other important, newly added features include
automated subtyping, detection of DR mutations and
identification of viral tropism. For example, DR data
can be used not only at the individual, but also at the
population level. Information about the DR structure
and prevalence can be used in choosing ART regimens
based on national recommendations or in decisions on
purchasing of ARVs.

Our further plans include development of a more
complex and advanced tool for bioinformatic analysis.
Detection of molecular clusters is essential for studies
in molecular epidemiology [11, 12]. This function will
be available to RDB users in the near future.

Upgrading and updating of RDB will help im-
prove the security of virus-related genetic information
obtained from HIVDR tests in Russia and increase the
quality of studies in molecular epidemiology of HIV
infection. The increased number of tests and continuous
expansion of RDB through adding new information will
expedite its use in the routine epidemiological practice.
The detected molecular clusters will help healthcare
specialists identify vulnerable groups and administra-
tive districts characterized by rapid virus transmission,
thus contributing to enhancing the effectiveness of epi-
demic control measures. Thus, in the foreseeable future,
RDB can change its status of a solely scientific tool and
become a significant component of the epidemiological
surveillance.
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WmmyHoreHes npu nuxopagke Jlacca n nepcneKTnBbl paspaboTku
BaKLNHbI

MapkuH B.A.*

48 LleHTpasbHbI Hay4YHO-MUCCNefoBaTeNbCKUI MHCTUTYT, Ceprues Mocaa-6, Poccun

AHHOMauus

B 2017 r. BO3 Bkntoumna nuxopagky Jlacca B nepeyeHb NpUOPUTETHBLIX MATOrEHOB Ansi pa3paboTku BakUWH U
06bsABUNA Ype3BbIHYaNHYO CMTyaLmMio B obnacty obLeCTBEHHOIO 30paBOOXPaHEHUS MO BbI3bIBAEMOW UM UHDEK-
uun.

AHanus gaHHbIX NUTEepaTypbl N0 CTPOEHWIO reHoma Bupyca Jlacca v ero LramMmmMoBoMy MHOroobpasuio nokasar,
YTO MOIEKyNnsApHasi reTeporeHHOCTb LUTAMMOB CYLLECTBEHHA MPW KOHCTPYMPOBAHUM BaKLUUH U OLEHKe UX ad-
(HPEKTUBHOCTU, YTO ONpeAeneHo COOTBETCTBYHOLWMMKN pekomeHgaumammn BO3. MNpu penpoaykuun Bupyc Jlacca
NPOTMBOOEWNCTBYET KNETOYHOMY MMMYHOreHe3y — NoAaBnsieT 3KCNPECCUI0 Cyrnpeccopa curHasnbHbIX 6enkos, um-
TOKMHOB M peuenTtopa RLR, pacnosHatoLero BupycHyto asyxcermeHTupoBaHHyto PHK.

Benok GP, onpeagenstoLwmn MHHEKLNO3HOCTb BO3OYANTENST 1 TPOMU3M, AOIMKEH OblTb OCHOBHOM MULLEHBIO ANA
paspabaTtbiBaeMbIx BakUMH. [Ipyrue mueHn — npouecchl cmHTesa BupycHon PHK, onpegenstolmne ocobeHHo-
CTW UMMYHOTeHe3a. ViccnenoBaHve MMMyHoOreHesa nuxopagku Jlacca nokasbiBaeT, YTO NpeanoYTUTENbHbIM KaH-
anaatom 6bina Gbl pennuuMpyoLascs anaTtoreHHasi BakumHa, cnocobHas nHayunpoBaTh ONTUMarnbHOe CoyeTa-
HME KINETOYHbIX U ryMoparbHbIX OTBETOB, T.€. Bbi3blBatoLlasi BbICOKYI aKTUBHOCTb T-NMMEOLMTOB U BbIpaboTKy
BMpYCHeNTpanuaywwmx aHtuTten. OQHON N3 BaXXHENLLIMX XapaKkTEPUCTMK XMBOW KaHAWAATHON BaKUMHbI JOMKHA
ObITb reHeTnyeckasi CTabunbHOCTb ANS UCKIIOYEHNS PEBEPCUM B HaNpaBreHnn k 6onee natoreHHoMy reHoTuy.
M3 ckoHCTpynpoBaHHbIX 6onee 130 kaHAnAATHBIX BaKUWH NPOTUB Nnxopaaku Jlacca nuilb ABe (PEKOMOUHAHT Ha
nnatcopme Bupyca kopu 1 [HK-BakuuHa) kak Hanbonee nepcnekTUBHbIE UCTbITAaHbl HA UMMYHOTEHHOCTb 1 6e3-
BpeaHOCTb Ana nogen. [Ana aanbHenwen pa3paboTku nepcnekTuBHbl pekombuHaHT Bupyca Jlacca ¢ Bupycom
BE3UKYynsipHOro ctomMaTtuta u peaccoptaHTbl BupycoB Monerns (MOPV/LASV — ML29) n Jlacca (r3ML29). Mep-
CrneKkTMBHa kaHauaaTHasa BakuuHa rVSVAG/LVGPC, aHanormyHas no KOHCTpykuuun BakumnHe rVSVAG-ZEBOV-
GP npotus nuxopagku 36ona.

KnioueBble cnosa: 8aKkyuHa, UMMYHOceHe3, KIemouyHsbIl rnamoeeHes, nuxopaOKa ﬂacca, 0630,0
UcmoyHuk ¢puHaHcupoeaHus. ABTOp 3asBNsieT 06 OTCYTCTBUM BHELLHEro (pUHaHCMPOBaHWS Npy NPoOBeAEHWUN UCche-
[OBaHuSA.

KoHgbnnukm uHmepecoe. ABTOp AeKnapupyeT OTCYTCTBUE SIBHBIX U MOTEHLMATbHLIX KOH(MMKTOB MHTEPECOB, CBA3aH-
HbIX C NyBrnvKauuei HacTosALLEel CTaTb.

Ana yumupoeanusi: MapkuH B.A. ImmyHoreHes npu nuxopaake Jlacca u nepcnekTusbl pa3paboTku BakuuHbI. Kyp-
Han Mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(2):228-239.
DOI: https://doi.org/10.36233/0372-9311-113 EDN: https://www.elibrary.ru/nyoqeh
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Immunogenesis in Lassa fever and prospects
for vaccine development

Vladimir A. Markin®

48 Central Research Institute, Sergiev Posad-6, Russia

Abstract
Analysis of literature data on the structure of the Lassa virus genome and its strain diversity has shown that the
molecular heterogeneity of strains is essential in the design of vaccines and evaluation of their efficacy, which is

© MapkuH B.A., 2023
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determined by the relevant WHO recommendations. During virus reproduction, Lassa counteracts cellular immu-
nogenesis by suppressing the expression of the suppressor of signaling proteins, cytokines and the RLR receptor
that recognizes viral two-segmented RNA.

The GP protein, which determines the pathogen's infectivity and tropism, should be the main target for vaccines
being developed. Other targets are the processes of viral RNA synthesis that determine the features of immuno-
genesis. A study of the immunogenesis of Lassa fever shows that the preferred candidate would be a replicating
apathogenic vaccine capable of inducing an optimal combination of cellular and humoral responses, that is, caus-
ing high activity of T-lymphocytes and the production of viral neutralizing antibodies. One of the most important
characteristics of a live candidate vaccine should be genetic stability to exclude reversion to a more pathogenic
genotype.

Of the more than 130 candidate vaccines against Lassa fever designed, only two being the most promising were
tested for immunogenicity and safety in humans (a recombinant on the measles virus platform and a DNA vac-
cine). A recombinant of Lassa virus with vesicular stomatitis virus and reassortants of Mopeya and Lassa viruses
(MOPV/LASV- ML29) and (r3ML29) are promising for further development. A candidate vaccine rVSVAG/LVGPC,

similar in design to the rVSVAG-ZEBOV-GP vaccine against Ebola, is promising.

Keywords: vaccine, immunogenesis, cellular pathogenesis, Lassa fever, review
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Jluxopaaka Jlacca (JIJI) — oco0o omacHblid 300-
HO3, MpPOTEKAIMHA Yy JoAed C IeMopparn4ecKum
CHUH/IPOMOM, MOJHOPraHHOW HEI0CTaTOYHOCTHIO, T'H-
MOBOJIEMUYECKHUM IIIOKOM, 3akaHuuBarommiics y 50%
TOCHUTAIN3UPOBAHHBIX cMepThio. Bo3Oynutens JIJI —
Bupyc Jlacca (BJI), oTHOCSImMNCSA K MUKpOOpPraHu3Mam
I rpynmnsl naroreHHOCTH.

OTHONOTHYECKUI areHT 3HJAEMHYEH B rocyaap-
crBax 3amanHoii Adpuku: Ceeppa-Jleone, ['Bunee,
Hurepun, JIu6epuu, Kor-n’Myape, Toro, benune u
l'ane ¢ Hacenenuem B rpynne pucka g0 200 miH ye-
noBek [1]. Cumratot, uro exerogHo BJI 3apaxarorcs
OT 3 70 5 MJIH 4YellOBEK, U3 KOTOPBIX MPUOTU3UTEIBHO
y 100 000-300 000 pa3BuBaOTCS KIMHUYECKUA BBIpA-
XKeHHbIe PopMbl HHPeKuu [2, 3], ymuparor 5—67 Thic.
yenoBek [4—6] npu obuieit neransnoctu 0,9%, a cpeau
rocnuTanu3upoBaHHblix — 18%. Bo Bembimke 2015 1
B Hurepum npu BBIpaXEHHBIX CIy4asx JIETAIBHOCTh
npocturana 50% [2]; 8 2019-2020 rr. meTaJbHOCTh CHH-
3mnack a0 22,7% cpeau rocuuTaliu3upoBaHHBIX [7].
Wndexuus xonraruosna [2]. V 8,8% OonpHBIX pa3Bu-
BaeTcs aenupuil [8]. PacripocTpaH€HHOCTH aHTUTEN K
B030ynuTenio B Cbeppa-Jleone cocrasuser 8-52% Ha-
cenenusi, B [ Bunee — 4-55%, B Hurepuu — 21% [9].
D¢ ¢extuBbix npotuB JIJI STHOTPONHBIX Mpenaparos
JI0 HACTOSIIIETO BpeMeHU He pa3padoraHo [10]. [Tnazma
PEKOHBAJIECIIEHTOB B KaUECTBE Ipernapara Jisl TEparnuu
npu JUI neapdexrusna [11].

Onwucansl 33 ciayuast 3aHOca Bo30yauTens ¢ 00Jb-
HbIMHU JI01bMU B EBporty, CeBepHyto AMepuky u Asuio,
WHOT/Ia 3aKaHYMBABIINXCS THOENBIO TALUEHTOB U 3apa-
KEHUSIMH MeIULIMHCKOro nepconania [12, 13]; npoHuk-
"HoBeHnus BJI B Poccuio He BBISIBIEHO, OJHAKO MOTOKU

© Markin V.A., 2023

MUTPAHTOB, TYPHCTOB, CTYICHTOB M JIP. MOTYT IIpHBe-
CTH K 3aHOCY uH(pekimu B Hanty crpady. B 2017 . BO3
Bimrounsa BJI B nepedeHb MPUOPUTETHBIX MATOIEHOB
Juts pa3paboTku BakiuH', a ¢ 2018 r. 00bsiBUIIA YPE3BbI-
YaliHYI0 CUTYallIo0 B 00JacTH 00LIECTBEHHOTO 3APaBo-
OXpaHEHUS 10 BhI3bIBacMOi UM uHdekuuu [1, 14]. Otu
(haxThl ONpeNeNIOT aKTyaIbHOCTh pa3padOTKH BaKIMH
nporus JIJI.

Heas HacTosmIero 00630pa — aHaIU3 JaHHBIX JIU-
Teparypbl no cucremaruke BJI, ero crpykrype, rese-
THYECKUM 0COOCHHOCTSIM, ITAMMOBOM pa3HO00pa3ny,
JAHHBIX O MAaTOreHe3e Ha KIIETOYHOM YPOBHE U HMMY-
HOTreHe3e MH(EKUNH, HApaBIeHUAX pa3padOTKH KaH-
JIUJIaTHBIX BakUUH npotus JUJL.

Pa3zpaboTka COBpEeMEHHBIX 3alIMTHBIX MMMYHO-
OMONIOTMYECKUX MPENapaToB NPOTHUB KOHKPETHBIX BO3-
OyauTeneil OCHOBBIBACTCS Ha CBEICHHSIX 00 UX I'eHe-
THYECKUX OCOOEHHOCTSIX, IITAMMOBOM pa3zHO00pa3uu
C MpUCYIICH BapuabeIbHOCTHIO TEHOMA M aHTUTCHHOM
CTPYKTYpBI, JAHHBIX O TIATOr€He3¢ Ha KJIETOYHOM YPOB-
HE U IMMYHOTEHe3¢ HHPEKIHH.

BJI sBinsercss wieHoM ceMeiictBa Arenaviridae,
pon Mammarenavirus, KaTeTOPUPOBaHHBINA KaK apeHa-
Bupyc Craporo Cgseta [1, 15]. Dta rpynma BKIO4aeT
BUpYyCHl JTUMdonuTapHoro xopeomenuHruta (JIXM),
Mob6asia, Momneiis u ap. [16]. Bo3Oynutens Obu1 mep-
BOHauaIbHO BbIeseH B 1969 1. B Hurepuu (uramm LP
muann | mrammoB Bo3Oymutens) [1], a mozke — BO
MHOTUX CTpaHax 3amnajgHoi AQpUKH.

' ' WHO. WHO target product profile for Lassa virus vaccine; 2017.
URL: https://www.who.int/publications/m/item/who-target-
product-profile-for-lassa-virus-vaccine
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leHom n ¢pyHKLMMN 6GenkoB

I'enom BJI (pme. 1) cocTOMT M3 IBYXCErMEHTH-
posanHoi (—) PHK. Bonbmoii cerment (L) numeer pas-
Mep MPUOMU3UTENbHO 7,2 KUi100a3bl U KOAMPYET IS
BupycHoii PHK nonomnurensnyto PHK-nommumepazy
(RdRp), PHK-3aBucumyto PHK-nommmepasy (L) u
MHOTO(QYHKIIMOHAJbHBIH MAaTPUYHBIA ITMHKCBS3BIBAIO-
i 0enok Z. Manbiii cermeHT reHoma (S) pasmepom
npubau3uTenbHo 3,4 Kuino0as3bl KOAUPYET BHPYCHBIH
HykieonpotrenH (NP) U mIMKonpoTenHOBBIN KOMITIEKC
(GPC) [3, 18]. ITonumepasa L copeprkut 4 mpeanonara-
embIx 1oMeHa. Jlomen 1 QyHKUMOHUpYET Kak SHAOHY-
KJieas3a, OCTaJibHbIe 00J1aCTH HEe WACHTHU(QHULUPOBAHBI B
IJIaHE YH3UMATUYECKON WIIN PETYJIUPYIOIIEH aKTUBHO-
cTi. MatpuuHblid 0eJ0K Z cOomepKUT TpU noMeHa: N,
RING u C. Jomen N cBs3bIBaeTCS ¢ KJIETOYHOU TIa3-
Maruyeckori MmemOpanoii. [lomen RING, xenarHo cBs-
3BIBAIOIIMM MOHBLI Zn*", BakeH i OEJIOK-0EJIKOBOIO
B3aumoyercTeus ¢ LP u NP. O6nacts C-TepMuHaNIBHO-
ro IOMEHa COJECPKUT KOHCEPBATHBHBIC 001acTH, HEO0-
XOAUMBIE IJI B3aMMOJIEHMCTBHUS C XO3SHMCKHUM 3HOI0CO-
MaJIbHBIM KOMIUIEKCOM COPTHPOBKH, TpeOyeMBbIM st
TPAHCIIOPTHOW CHCTEMBI, — CIEIU(PUICCKUM OCITKOM
Tsg-101 [19]. Bupuonnsiii GPC sBusiercst Tpumepom,
COCTOSIILIUM M3 TETEPOAUMEPOB, KaXJbI U3 KOTOPBIX
coaepxut ukonporeuasl (GP) GP1 u GP2. Knerou-
Has mpoteaza SKI-1-S1P ocymiecTBisieT mocTTpaHc-
nmsuuonHoe pacmemienne GPC Bupyca. CtaOuiibHBIN
CUTHAJILHBIA TENTH/ TOMOTaeT JIOKaJH30BaTh Oel-

Mali
Burkina
Faso
/. Cote
Sierra Leoné *d’lvoire Ghana/ \
Liberi
foeria Togo Benin SR

Glyco

REVIEWS

KOBBI koMmIulekc Ha MemOpane. benok GP2 spnser-
cs1 6enkom ciusiaus tuna 1 [15]. Tlocne cnusiHus Bee
3 Oenxka ocratorcsi cBa3aHHbIMU Kak GPC. Ctpykrypa
sktonomeHa GP BJI, cocrosimas u3 ¢pparmentoB GP1
u GP2, BakHa [7151 CBS3BIBAHUS C KJICTOYHBIM PELIETITO-
poM. OcHOBHOM KiteTouHbIHN penentop 1t BJI — npo-
M3BOIHOE KCUJIO30TNIIOKAPOHOBOW KHCIIOTHI — O-JIKC-
TPOIVIMKAHOBBIM IIMKOMPOTEUH MOBEPXHOCTU KIETOK,
B3aUMOJICHCTBYIOIIMM C BHEKJIETOYHOM CTPYKTYpOH,
casbiBatomnid GPC Bupyca ¢ 3toii Monekynoi. benok
GP, onpenensromuii napexnrozHocts BJI, Tponusm u
JIMara3oH €ro X03s€B, SBJISETCS OCHOBHON MHIIEHBIO
1uis pa3pabarpiBaeMbix BakiuH. [lomumo GP nmmyHo-
TCHHOM aKTHBHOCTBIO oOnagator 6enxku NP u Z [18].

LTtammbl n nsonAatbl

ItamMel 1 moneBble U30iATHl BJI, M3BeCTHBIC K
HacTOsIEMY BpeMeHH (00IINM KonuecTBOM 0koto 80),
CTPYIIUPOBAHbl B 4 JIMHUU KaK T€HETUYECKUE Pa3HO-
BHUJITHOCTU, PACCMATPHUBAETCS BOIIPOC O HATMYHUH elié 2
nuawmi [3, 19, 20]. I[1pu 3T0M He BBISIBICHO CBSI3U FCHETH-
4ecKoro pazHoobpasusi BJI 1 paznuuuii B KIMHUYECKUX
nposiBieHusIx Oomnesn [1, 2]. [I[poToTUIHBIM IITAMMOM
cuntaroT mwramm Josiah (munus 1V) u3 Creppa-Jleone,
KOTOPBIN MCHIONB3YIOT B OOJIBLIIMHCTBE UCCIEIOBAHUM, B
TOM YHCJIC IPU CO3IaHUM KaHAUIATHBIX BAKIIMH U UCTIBI-
TaHUU MIPOTHUBOBUPYCHBIX Mpenaparos. [lITamMmbl muHwMiA
I-1IT Obutn BBLAENEHBI TONLKO B Hurepum [21], Torma
KaK mTaMMbl JIuHud [V — B HECKONBbKUX 3amaaHoad-
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) @/ ) Matrix protein (Z)
g > Ambisense RNA

X L .~ genome

Nucleoprotein (NP)

GPC) ;" '{ Nucleopiotein (NP)  UTR |
\

=
UTR | Matrix (2) ,>§ﬂ;
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Puc. 1. CtpykTypa BupuoHa Bl n ero reHoma [17].

O6ornoyka BUpMOHa cocTouT n3 rmukonpotenHoB GP1 1 GP2, nunonpoTtenHa n matpuyHoro 6enka (Z).
leHom cocTout n3 6GonbLuoro (L) n manoro (S) cermeHToB.

Fig. 1. Virion structure of the Lassa virus and its genome [17].

The virion shell consists of GP1 and GP2 glycoproteins, lipoprotein and matrix protein (Z).
The genome consists of large (L) and small (S) segments.
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pukanckux crpanax [20]. I[lokazano Oombioe pazHOO-
Opa3ue TeHOMOB IITAMMOB BCEX JIMHUH BO30YIUTEIS C
MaKCUMyM pacxoxkaeHus 27% 1o Hykieotuay u 15% mo
amuHOKHUCIOoTaM [19, 22]. CpaBHeHHE CTPYKTYphI O€i-
koB GPC u NP mtaMMOB pa3nuyHbIX JTUHHH, OOBIYHO
HCIOJIb3yEeMBIX MPH pa3pabOTKe BaKIHH, BBISBUIIO Pac-
XOXK/IEHUE MX aMUHOKHUCIIOTHOTO cocraBa: o GP — ot
5,1 mo 8,4%, mo NP — ot 6,3 no 10,7% [18]. CpaBHe-
HUE TOJHOPa3MEpHBIX T'€HHBIX MOCIeN0BaTeIbHOCTEN
4 mrammoB BJI, npenctaBisionux Bce JTUHUH, MOKa-
3a110, 4T0 red NP sBisiercs Oonee BapuadenbHbIM (J10
23,8% paznuunii no Hykieoruaam u 12,1% paznuuuit
110 aMUHOKHUCIOTaM), ueM rensl GP [19].

Caenenust o rereporeHHOCTH mTaMmoB BJI u ux
reorpau4eckoM paclpoCTpPaHEHWH CYLICCTBEHHBI
MIpU KOHCTPYUPOBAHUU COBPEMEHHBIX BAaKIIMH U OICH-
Ke UX 3QPEKTUBHOCTH, YTO ONPEACICHO PEKOMEH a1~
ssmu BO3 [14].

MaTtoreHes n MMMYHOreHes

BJI nposiBisieT IHUPOKUN TKAaHEBOU TPOIHU3M, I10-
paxas mnedeHb, cele3€HKY, HaIMOYEYHUKH U ApyTue
opranbl. Kak u Bce Bo30yquTENN BUPYCHBIX IreMoppa-
THYECKHX JINXOpaZoK | rpynmel maToreHHocTH, OH Te-
HEpaJM30BaHHO MOAABIAET cUcTeMy MMMyHHTeTa. Ha
NepBbIX 3Tanax naroreHe3a BJI arakyer aHTUreHmnpe-
3eHtupytone kinetku (AIIK) muenomanoro mpowuc-
XOXIEHUsSI — JIEHAPUTHBIE U MakpoQard. ITH THUIIBI
KJIETOK TOAJIEP>KUBAIOT BEICOKUH YPOBEHB PEIUINKALIUU
BJI. Madexuus npoTUBOACHCTBYET aKTUBALIUH H CO3pe-
BaHuio AIIK, uro mpuBoguT Kk HapyumeHHIo 00pabOTKU
U npe3eHtanmu anturcHa [23, 24]. Hecmotps Ha TO
yro uHpuuuposanusie AIIK MUrpupyior B apeHupy-
fouye JJuMQpaTuieckue y3ibl, UX CO3pEBaHUE OCTAETCs
3aTpyAHEHHBIM Ha NPOTSHKEHUH BCETO TeUeHUs 3a00e-
BaHUs, BBI3bIBAs HapylIEHUE PEryaslUH aJalTHBHOIO
MMMYHHOIO OTBETa M CHIDKEHHME KJIHMpEHCa BHpyca
[23]. Bonee monmnoe Hapymenue ¢pynkuun AIIK npu
JIJI MOXeT KOppeIUpoBaTh C OTCYTCTBUEM aJallTHUB-
HBIX MMMYHHBIX peakUui, NPUBOASAIIMX K CMEpTH.
IIpezentauus antureHoB BJI He3penapiMu IEHAPUT-
HBIMH KJIETKaMU MOXKET MIPUBECTU K UMMYHHOH ToJIe-
PAaHTHOCTH U, B KOHEYHOM CuéTe, K HMMYHOCYTIpec-
CHH, YTO SBISETCS ONpeAelsioneil 0COOCHHOCTHIO
narorene3a JIJI [22]. Pannue T-kieTOUHBIC pEaKIINH,
CTENEHb BBIPAKEHHOCTH KOTOPBIX OINpEAeNseT BbI-
s)kuBaemMocTh npu JIJI, — 3t0 ucrtomenue T-kietok
BO BTOPUYHBIX JUMQPOHUIHBIX TKaHAX, TPaH3UTOpPHAs
muMQoIieHus] U CHIKeHue nponudepaunn T-KIeTok
[25]. UMmMyHOTIaTONIOTHUSI TPUBOJIUT B IIEJIOM K Hapy-
LIEHUIO dHJ0TEINaNbHOro O0aprepa, arperauu TpoM-
OOLIMUTOB ¥ aHOMAJIbLHOM Koaryisnuu [26].

[Tpu BBIOOpE MyTell pa3paOOTKU BAKLHUH MOXKET
OBITH YCIIEHIHBIM BOCIIPOW3BEICHUE MPUHIHUIIOB CO3-
JaHUs yAauHBIX MPENapaToB B OTHOLICHUN WH(EKINH,
IIpY KOTOPBIX KJIETOYHBIM MaroreHe3 U MMMYHOTI'€HE3
CXO)KM C TAKOBBIMH Y HMHTEpPECYIoUIero 3aboieBaHusl.

[ appukaHCKOTO KOHTHHEHTa B HACTOSIIEE BpeMs
Haunbojee 3HAUMMBIMA HHQEKIUSIMU SIBISAIOTCS 0C000
omacHble reMOpparnyeckue Juxopaaku Joona u Jlac-
ca, KJIETOYHBIN MaroreHe3 U UMMYHOTEHE3 KOTOPBIX B
JIOCTaTOYHOM CTereHu Onu3ku [26]. 3apakeHHe STUMHU
BO30YIUTESIMH BBI3BIBACT BBIPAOOTKY BBHICOKMX YPOB-
Hell BOCHAJIMTEIbHBIX LUTOKUHOB, XapaKTepU3yIOIly-
F0CSI KaK «UUTOKUHOBBIN INTOPM», KOTOPBIH, BEPOSTHO,
CHocoOCTBYeT KOaryjaonaru, OTéKy M MOJIMOPTaHHON
HenoctatouHocTH. O0a BUpyca MepBOHAYAIBHO 3apa-
JKalOT MHENIONJIHBIE KJIETKH, BKIIIOYAs JEHAPUTHBIE
KJIETKH ¥ Makpodark, ¥ KOAUPYIOT NPeNOTBpalleHUE
nepenauyd curaajgoB uepe3 myThb RIG-I-momoGHOrO
peuentopa (RLR), MuUTOXOHApHANBHOIO MpPOTHBO-
BUpYCHOro curHaisHoro oenka (MAVS) u, cinenosa-
TenbHO, npoxykuuio unrepdepona (IFN) I tuna. Ilo-
clie TIPOHMKHOBEHUS THX BO30OyOHUTENeH B KIETKY U
Beixona PHK w3 nykneomporenga mHpuUIMpoBaHHAs
KJIETKa paclo3HaeT BUpPYCHYIO AByxuenodeunyro PHK
(dsRNA) [-MuTOXOHApHAIBHBEIM HPOTUBOBHUPYCHBIM
curHasibHbIM OenkoM (RIG-I-MAVS) unu Genkom 5
(MDAS5)-MAVS, uTo npuBOANT K aKTUBAIIMN KHHA3 —
IkB-kuna3bi-e (ikke) wu cBsswiBatomeii TANK-ku-
Ha3el 1 (TBKI1), a Ttakke (akTopoB TpaHCKpHUILIMU
anepHoro ¢akropa kB (NF-xB), IFN, perynstopHoro
¢axropa 3 (IRF3) u/wnm IRF7. AxtuBanus stux ¢ax-
TOPOB TPAHCKPHIILMKA CTUMYIUpYyeT dKkcipeccuro IFN
tuna [, KoTopelii mocne cekpenuu U3 WHPHUIUPOBAH-
HOHN KIETKU cBs3bIBacTcs ¢ peuenropom IFN tuna I
(IFNAR1-IFNAR2) u axkTtuBHpYyeT mpeoOpa3oBaTeib
CUTHAJIOB KHMHA3bl SIHyca — aKTHUBaTop CUTHAJIBHOIO
kackana tpanckpumniuu (JAK—STAT). AxkruBupoBaH-
Hele JAK-xunazoit ¢pakxropsl Tpanckpunuuu STAT cBs-
3BIBAIOTCSl C PELENTOPaMHU COOTBETCTBYIOIIMX I'€HOB,
ctumyiupoBansbix IFN (ISREs), ans ycunenust skc-
MPECCUH COTEH TeHoB, cTuMynupoBaHHbIX [FN (ISGs),
Brurouas nmporennknHasy R (PKR) u trerepun. Crpare-
UM NIPOTUBOAEHCTBUSA 3TUM UMMYHHBIM CUTHAJIBbHBIM
MyTAM, HCIIOJIb3yEMbIE MPH PENPOAYKIMH BUpYyCaMHU
J60mna (EBOV) u Jlacca (LASV), cxemaruuecku 0To-
OpakeHbI Ha pHC. 2:

1) cBsi3bIBaHUE C KJIETOYHBIMU perienTopamMu TAM
(TYRO3/AXL/MER) nns npoHUKHOBEHHS BHpYyca pe-
TYIUPYET SKCIPECCUI0 CYNpeccopa CUrHaJbHBIX Oell-
k0B IIUTOKKUHOB (SOCS), KOTOpbIE HHTUOUPYIOT CUTHA-
nuzanuio JAK-STAT;

2) BuUpyCHble O€NKHM TIOAABISAIOT AKTHUBALUIO
RIG-I-mogo6noro peuentopa (RLR), mpemorBpamas
pacno3naBanue BupycHoit dsSRNA, kotopoe onocpeno-
BaHO BUpYCHBIM OenkoM 35 (VP35) Bupyca D6ona munu
UUHKCBS3BIBAIOIIMM MaTpH4YHbIM Oenkom (Z) BJI;

3) VP35 Bupyca D0ona MHTMOMPYET aKTHBAIIMIO
ikke u TBK1 u monaBnsieT TpaHCKPUIIIMOHHYIO aKTHB-
Hocth IRF3 u IRF7;

4) VP24 Bupyca D06omna cBa3bIBacT KapuopepuH
5 (KPN 5) u npenoTBpaniaer saepHyr JIOKAJIN3alUI0
STATI,;
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Puc. 2. IMMyHHasa akTuBaLmsa KNETOK-MULLEHEN U NPOTUBOAENCTBUE el Bupycamm O6ona u Jlacca npu penpogykunm [25].

Fig. 2. Immune activation of target cells and its counteraction by Ebola and Lassa viruses during reproduction [25].

5) terepun ISG mnpenoTBpaiiaeT pa3MHOXKEHHUE
000UX BUPYCOB, HO 3Ta aKTHBHOCTD IOJIABIISIETCS TOJb-
ko neiicrBueM GP Bupyca D6ona;

6) ISG PKR nporuBoneiicteyer VP35 Bupyca
D6ona (TYK2 — tupo3unkunaza 2) [25].

Crparerny yKJIOHEHHs OT MMMYHHOTO Haj30pa,
ONMCaHHBIE B MyHKTax 3)—6), peaqu3yroTcs TOIbKO BU-
pycoM D0oia u, Mo HalleMy MHEHHIO, SBISIOTCS Of-
HUMH M3 OMNPEICIISIONUX €ro ropasiao OONBIIYI0, YeM
y BJI, narorennocts. [lonnManue Bkiaaa crienuduye-
CKHX MMMYHHBIX peaklUUi B 3alllUTHBIE WJIN MATOTeH-
HBIE pEaKkIUM I[OMOXKET B pa3paboTKe TepaneBTHYe-
CKHX CpeJCTB U BakuH. [Ipencrasnsercs, 4To Bocnpo-
W3BE/ICHUE MPUHIMIIOB CO3/aHus Haubolee yaadHbIX
BaKIMH MPOTHB JINXOPaIKu J00i1a MOKET OBbITh yCIeI-
HBIM IIpH pa3paboTke BakiuH npotus JIJI B cuiy cxon-
CTBa UX KJIETOYHOT'O MMaTOreHe3a U UMMYHOTEHE3a.

UccnenoBanust npoduieil TPaHCKPHUIILUH TEHOB
BJI y 3apax€HHBIX 00€3bsIH U B KJIETKaX 4YeJoBeKa 00e-
CIEYMIIM IOHUMaHKE MPUPOJIbl IMMYHOT€HE3a U MOT'YT,
B KOHEYHOM CYETE, CIIOCOOCTBOBATEH IOSBICHHIO OHO-
MapKepoB ISl pa3paOdOTKU BaKIHH, a TAKKE MPOrHO3HU-
POBaHHUIO CEPLEIHOCTH TeUEHHsT OONIE3HH U e€ ucXomaa y
oonbHbix. KommuectBennsiit ananus B OT-ITLP MmPHK

MakpodaranbHbIX KIETOK MaKakoOB IIMHOMOJTYCOB, 3a-
paxkénnbix mramMmmoM AV (uaus [V [20]) BJL, o6Hapy-
YKHJI PAaHHIOIO aKTHBAIMIO HHTEP(EPOHOBBIX TEHOB THIIA
1 y BEDKMBIIHMX 00€3bSH MO CPaBHEHHIO ¢ OOHAPYKEHHU-
€M 9THX TPaHCKPHIITOB JIUIb HA TO3IHEN cTaanu 3a00-
JIeBaHHUS Y MOTHOIINX KUBOTHBIX [27]. B coBOoKynHOCTH
CO CBEJICHUSIMU O Pa3BUTUU CWIBHOM akTuBaiuu T-num-
(OLIMTOB M MOHOLIUTOB y BEDKMBILIHMX 00€3bsTH 3TH JaH-
HBIE, 110 HAIllEMY MHEHHIO, TTO3BOJISIOT MPEION0KHUTH,
YTO TaKasi paHHss aKTUBALMS UIMMYHHBIX peaKiyi mpu-
BOJIMT K MPEPHIBAHUIO HHPEKIIMOHHOTO TIpolLecca.

B uccnenoBanusx, UCIONB3YIOLINX aHATU3 MaKpo-
(haroB MakaxkoB IIMHOMOJITYCOB, 3apaKEHHBIX IITAMMOM
Josiah BJI, BbisiBIeHa paHHSS UHIYKIWS YyBCTBHTEIb-
HbIX K [FN Toll-moo0HbIX CUTHAIBHBIX PEICIITOPOB U
OTCYTCTBHE PEaKIM I€HOB NPOTHBOBOCHAIUTEIbHBIX
LUTOKUHOB [27]. B 3apak€HHBIX BUPYJIEHTHBIM ILITAM-
MoM Josiah BJI makpodarax ObLIM SKCIpPECCHPOBAHBI
crumynupoBandbele IFN rensl, perynupyromue amno-
[ITO3, a TaKK€ PEryJupyroIlue TPaHCKPUIIIIHMOHHBIN
(bakrop NF-«B, urparomuii KIrueBy0 pojib B BOCIa-
JUTENIbHBIX U UMMYHHBIX peakLUsiX, 9YTO HE OTMeue-
HO B KJIETKaX, WHQHUIMPOBAHHBIX alaTOTCHHBIM pe-
accoptranTtoM BupycoB Jlacca u Moneis ML29 [28].
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JanHblil (hakT MOXKET OBITh MCIIOIB30BAH JIJISl TPOTHO-
3upoBaHus pe3yibrara ucxona JIJI y 60iabpHBIX 1O 3TUM
BBISIBIICHHBIM OMOMapKepaM, a TakKe JUIS OLICHKH aria-
TOTEHHOCTH MPENapaToB NpH pa3padoTKe BaKIHH.

V mronen, 3apaxx€HHbIX BJI, oTMe4YeHbI CHUXKEHNE
CO3pEBaHUs JICHAPUTHBIX KJIETOK U CHIKEHHE PEAKINH
T-mumdouutos in vitro [23, 29]. HecMoTps Ha 3TO Ha-
pyuenue npe3entanuu anturenon BJI knetkamu CD4*
u CD8", peakuun T-nmuMpounToB, 0OHApY:KEHHbIE Ha
paHHel craguu HHPEKIUN Y JIIoei, MOTYT MPOTHO3H-
poBarb OnaronpuATHBIA ucxon 3aboneBanus. [lokasa-
HO, uTO y mnepebonermmx JIJI yonelt B SHACMHYHBIX
pernonax Obutn Jlacca-cnenmpuunsie CDA4'-T-mim-
(douuTsl MaMATH, ceUn(pUYHBIE K 3MUTONAaM HYKJIIEO-
nporernHa U GPC, koTopble COXpaHAINCh B TEUEHUE
mHorux Jiet nocne JUI [15, 29], uro yka3eIBaet, Bepo-
SATHO, Ha 0OJIee BaXKHYIO pOJIb B 3alIUTE OT JaHHOW WH-
(eKuH KIeTOYHOTO UMMYHHTETA, YeM TyMOPAIBLHOTO.
BooxuBmiue nocie JIJI mrogu B 'BuHee UMeNnn CUIIbHEBIC
peakun CD4*-T-kneTok maMsaTé K KOHCEpBAaTUBHBIM
snutonaM NP u GP2 mramma Josiah u HUrepuiickux
LITAMMOB. Y PEKOHBAJIECLEHTOB BBIACISAIN BBICOKOAK-
THUBHBbIE BUPYCHEUTpAIU3YIOIINE aHTUTENA, KOTOPHIE
3allUINAIN )KUBOTHBIX OT rudenu [1, 30].

UccnenoBanust mnepepaun  3amuTHOH  d(dek-
tuBHOCTH Jlacca-cneunpuunbix T-muMponuToB ObI-
JI1 BBINIOJHEHBI C MCIIOJIb30BAHUEM KIIETOK MBIIIEH ¢
BPOXKJIEHHON yCTOMYMBOCTBIO K BuUpyCy JIXM, um-
myHusupoBanHbix GPC BJI. YV wmpimeit-penunuen-
ToB T-numdornuroB Obuia ciabasi 3amuTa OT WH(EK-
nuu [31], BUAMMO, M3-3a UHTEPPEPECHIIMU HA CTaJIUU
WMMYHH3aLUN BPOXIEHHO-CIEIU(UIHBIX K HYKIIEO-
nporeudy Bupyca JIXM murorokcuueckux T-numdo-
uutoB ¢ GPC 6nuskoponcteeHnoro BJI. Dto uccneno-
BaHUE KaK MOJIEJbHAs OLIEHKA CYIIECTBEHHO ISl MpO-
THO3UPOBAHUSI CHUKECHUS 3aIIUTHONW 3(PPEKTUBHOCTH
BakUMH npotuB JIJI B OTHOLLIEHUH JIONEN, paHee nepe-
HECIINX 3apakeHHe OMM3KOPOACTBEHHBIM apeHaBHPY-
com JIXM, pacnpocrpanénnbiM B Adpuke. B 3ammute
OT MH(EKIMU MpeanonaraemMas poib T-TUMQOIUTOB
CYLIECTBEHHA, T.K. HEKOTOPbIE HCIIBITYEMblE KaHIU1aT-
HbI€ BaKIUHbBI, HHAYLUPYS TOJBKO T'yMOpaJIbHBIA HUM-
MYHHBII OTBET, 3allUMIIAINd OT CMEPTEIBHOIO HCXOoAa
JUIIB Manylo 070 MHQUIUPOBaHHBIX 00€3bsH, B TO
BpeMs Kak Apyrue npenaparsl, HHIyLIHUPYIOLUe U Kile-
TOYHBIN, U TYMOPAJIbHBIN OTBETHI, 3aIUILATA BCEX UH-
(UIMPOBaHHBIX KUBOTHHIX [4]. B peakuun mmmyHO-
(IroopeceHINH TOKa3aHo, YTO B ANHAMUKE Y 00€3bsH
YpOBEHb aHTHUTEN MOCTENEHHO YMEHbIIANICA, HO TIOCTe
MOBTOPHOM MH(EKIIMY BHOBb MOBBIIIANCS [32].

Y mopedt, wHuuuposanHsix BJI, npomyuu-
PYIOTCSl B HU3KUX THTpax crneuupuunsie Kk GP u NP
B030ynuTenss ummyHoroOynuasl M u G. Beipabort-
Ka aHTUTENl HEe KOPPEIUpPYET C UCXOAOM 3a00JICBaHHMS.
Heitrpanusytomue aHTUTENA B HU3KUX KOHLIEHTPALU-
SIX 0OHAPY>KUBAIOTCA Yepe3 HECKOJIBKO MECSIEB TOCHe
BBI3ZIOPOBJIEHHS, HO B JUHAMUKE PEKOHBAJIECLEHIIUU

KOHLIEHTpaLUsl HEUTPaNIU3YIOIIMX aHTUTEN BO3PACTAET,
BO3MOXHO, M3-32 COXPAHAIOLIErocsi BHpYyca, IpPOJOJ-
JKAIOLIeT0 CTUMYJIMPOBaTh B-KieTku, peakuus KOTo-
PBIX CHM)KEHA BO BpeMsi ocTpolt (a3el nHpeKyn [22].
HccnenoBanue HEUTpanu3yOMIUX MOHOKJIOHAJIBHBIX
AHTUTEII, TIONyYeHHBIX OT nepedoneBmmx JIJI mronet,
MOKa3aJio, YTO OHM CBs3bIBaroTCA ¢ snuronamMu GPC,
Ho He ¢ anuTonamu GP1 unu GP22 CtpykTypa 3KT0/10-
MeHa GPC, cBA3BIBAIOIIETOCS C YEIOBEYECKUMH MOHO-
KJIOHAJIbHBIMU aHTHUTEJIaMHM, oIlpesereHa. MexaHusm
HEHTpanu3aluyi OCHOBaH Ha CIOCOOHOCTH ATHUX aHTHU-
Ten npeporBpamars Tpedyembie s GPC kondopma-
LMOHHBIE U3MEHEHNUS PEeLeNnTopa PpU CIUSHUM BUpyca
¢ memOpanamu [33]. BBeneHue chIBOPOTOK OT mepe-
Oonesmmx JIJI mromel WM >KMBOTHBIX 00ECIIEUHBAIIO
3alUTY HEUYSIOBEKOOOPa3HBIX 00€3bsH OT JIETAIBHBIX
no3 BJI. UccnenoBanne Ha MOpCKUX CBUHKax 3ddek-
TUBHOCTH TaKOW IIACCUBHOM IEpeladd I0Ka3ajo, 4To
3ammTa OoT Tubenu Oblla TECHO CBSI3aHAa C BBICOKUM
YPOBHEM TOJIBKO BUPYCHEMTpaNIM3yIOLINX, HO HE JIpy-
THX aHTUTEN, BBISBISAEMBIX B HMMYHO(pEPMEHTHOM
ananuze [34, 35].

CMech uenoBedYeCKX MOHOKJIOHAJIBHBIX BBICOKO-
addunnbix antuten k GPC mrammos nuawmii 11, 111 u
IV BJI obecnieunBana 3amury OT THOEIH ayTOPEAHBIX
MOpPCKHUX CBHHOK B Cllydyae IpPHUMEHEHHUs Hemocpen-
CTBEHHO mociie nHpuuuposanus [35]. B To ke Bpewms,
€CJIM BUPYCHEUTpPaIH3YIOIIUe aHTUTENA 00eCIIeYrBaIH
3aIUTY OT CMEPTEIBHOI0 NCX0J[a MOPCKUX CBUHOK MBbI-
el u 00e3bsIH, TO IMOIBITKH JICUECHHUS JTIOACH BBSICHHEM
UMMYHHOH Ta3mbl Obumn Oesycnentns [11]. Knupenc
BJI B kpoBHM HHPHULIUPOBAHHBIX >KUBOTHBIX WA OOJIBHBIX
JIIOZIEN He KOpPEeIMpOoBall C YPOBHEM aHTUTEI, BBISBIISAC-
MBIX B UMMYHO(epMeHTHOM aHanuze [33, 35, 36].

[IpencraBneHHble JaHHBIE MOKA3BIBAIOT, YTO MPU
penpoaykuuu B KieTkax-mulleHsx BJI peanusyrorcs
HECKOJIbKO MEXaHHM3MOB TPOTUBOJEHCTBHSA KJIETOY-
HOMY MMMYHOT€HE3y — IOJABJIE€HHE 3KCIIPECCUH CY-
npeccopa CUTHAIBHBIX OCJKOB, IMTOKWHOB U peler-
Topa RLR, pacno3Haromero BUPYCHYIO JBYyXCETMEH-
tupoBannyto PHK. Ilpu ¢opmupoBanuu 3amutHOrO
MMMYHHTETa Yy JKUBOTHBIX M YEJIOBEKa IJIaBEHCTBYIO-
1iee 3HaUE€HUE HMEEeT €ro KJIETOYHasl COCTaBIAoLIas,
peanusyemas T-nmuMbounTamu, TyMOpanbHash KOMIIO-
HEHTa UTPaeT MEHBLIYIO POJIb B €CTECTBEHHO MpPHOO-
peTéHHOM UMMYHHTETE. POJIb aHTUTEN Pa3HBIX KIaCCOB
B 3amute ot JIJI HeonnHakoBa. 3HAYMMOCTh UMMYHO-
I00YJIMHOB MPH AaHHON WHQEKIHHU, B TOM YHCIE A
JICUEHUS JIIOZIEeH, 10 HACTOSILEr0 BpEMEHH OKOHYATEIb-
HO He ompeneneHa [11, 15]. Bo3MoXHO NPEAonoKUTb,
YTO BaKIHHBI, CIIOCOOHBIE HMHAYLHMPOBATH BBICOKYIO
AKTUBHOCTh T-TMM(OLUTOB M BBIPAOOTKY BHPYCHEH-

2 GlobeNewswire. GeoVax reports promising results for Lassa
fever vaccine. GeoVax; 2017. URL: https://www.globenewswire.
com/en/news-release/2017/07/10/1245609/0/en/GeoVax-
Reports-Promising-Results-for-Lassa-Fever-Vaccine.html
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TPaJM3YIOMIMX aHTHUTEN, O0ecreyar 3aluTy OT JaHHOK
uHdeknuu. BripaboTtka cnenuduyeckux T-mumdponu-
TOB U BUPYCHEUTPATU3YIOUIMX aHTUTENT MOXET UMETh
Ba)KHOE MapKepHOE 3HAYCHHUE MPH pa3paboTKe BaKIKH.

Pa3paboTka BaKLIMHHbIX NpenapaToB

HeoOxoaumocTs pa3pabotku BakiuH npotus JIJI
ompenensieTcs, B YaCTHOCTH, OTCYTCTBUEM 3(PQEKTHB-
HBIX STHOTPOIHBIX XHUMHOIpenapaToB. B ombiTax Ha
JKUBOTHBIX ITpu JIJI BBISIBIEHO IIPOTUBOBUPYCHOE JEH-
CTBUE XUMHOIIpenapara pudaBUpuH, KOTOPBIH, OJHAKO,
MIPU KCIOJB30BAHUM BHYTPUBEHHO B BBICOKHX /033X
NpU JICUCHUU JIIOAEH oKkazajcs Manod()QEKTHBHBIM H
BBI3bIBAJl 3HAUMTENIbHBIC 1MO00YHbIC 3dekTh [2, 15,
37]. Hykneo3unusiii ananor ¢asunupasup (T-705)
npu JieueHUH 00e3bsiH OblT1 3 dexTrBHEE pHUOABUPH-
Ha (CHM3MBIIETO JIMIIb YPOBEHb BHUPYCEMHH), 3alllU-
B 100% >XMBOTHBIX OT JetanbHOM m03b1 BJI [10].
B ombiTax Ha rpeI3yHax Apyrue HyKJI€O3UIHbIE aHAJIO-
ru (Stampidine, Zidampidine) u UHrUOUTOP pasMHO-
keHust apeHaBupycoB ST-193 umenu HHM3KUE ypOBHU
3amuTHOH 3¢ dexTuBHOCTH [38].

Cunraercs, 4Tro OJHOKpaTHOEe 3apaxkeHue BJI
BBI3BIBACT TIOKU3HEHHBINM 3alIUTHBI KMMYHHUTET. DTO
NPEATOoJaraeT, YTo JJIMTENbHBIA MPOTEKTUBHBIA HM-
MYHUTET, BbI3BaHHBII BaKLWHALIWEH, SBIAETCS TOCTHU-
skuMoit 1ensto. [ltammer BJI rereporenHs! o aMuHo-
kucioram 6enkoB GPC u NP [19, 22], uTo oClIOKHSIET
pa3paboTky 3()()EKTUBHBIX YHUBEPCAIbHBIX BaKIUH
NPOTUB BceX JIMHUK BO3Oyautens. B mone3y memneco-
o0pa3HOCTU Ppa3pabOTKU IMOJO00HOTO TOJHMBAJICHTHO-
ro mpernapara KOCBEHHO CBUAETEIbCTBYIOT JaHHBIE O
BBICOKOH 3()(heKTUBHOCTH 1a00paTOPHO MOITYYEHHOTO
«KOKTEHIIS» HEeHTpanu3yroIux aHtuten k oenxam GP
yeteipex JuHuil BJI, 3ammrusmero ot rubdenn 100%
MH(QHULIMPOBAHHBIX JIETaJbHBIMHU 103aMH 00€3bsH [6].

[Mpu pa3paboTke KaHAWAATHBIX BAaKIHMH MPOTHB
JUJI ObuIM MCIIONIb30BaHbI pa3iuyuHbIe cTpareruu. Ilep-
BOHAUaJNbHO OLEHWIN 3(PPEKTUBHOCTh HMHAKTHBHUPO-
BaHHOTO BHPYCa — y UMMYHHU3UPOBAHHBIX KHBOTHBIX
BbIABIILTN popmupoBanue NP- u GPC-cnennduueckux
MMMYHOIIIOOYJIMHOB, HO 3TO HE 00€CTIeYHBaIO 3alUThI
ot JietanbHOU uHpekiyu, Bei3BanHoH BJI [39], yto mo-
Ka3aJl0 HeJOCTAaTOYHOCTh Pa3BUTHS JIMILIb 'YMOPaIbHO-
ro OTBETa B OTCYTCTBHE KJIETOUHOT0. B mocnenyromux
pa3paboTKax CTald HUCIOJB30BaTh MOAU(HUIMPOBAH-
HBI BO30yAMTENs MM ero KommoHeHThl. benok GP1
BJI, Bkmro4€HHBIN B MONMMEPHYIO HAHOKAICYly (Ha-
HOKOMILIEKC, 0003HaueHHbI kKak LASVGP1), Bb3bI-
BaJ y MbliIed Boicokue ypoBHH CD4*-T-nmumdonuros
1 B-kneTok ¢ BeIpaOOTKON aHTHTEN, UMEIOLIUX BHIpa-
KeHHoe crierduieckoe poactso k GP1 BJI, ognako
3TOT HAHOKOMILIEKC UMEJI HU3KYHO 3aIlUTHYI0 3 dek-
TUBHOCTH [40]. MeTonamMu oOpaTHOUM T'€HETHKH Tiepe-
CTPOWKOW HEKOTUPYIOLIEeH MEXXTC€HHON 00JIacTH reHOMa
BJI — 3aMeHOI HEKOIUPYIOILETO MEKTEHHOIO PErMOHA
(IGR) L-cermMenTa Ha aHAJIOTUYHYIO CTPYKTYpY S-cer-

REVIEWS

MEHTa — CO3JaH KaHAWJATHBIM BaKUIMHHBIA Mpernapar
rLASV(IGR/S-S); uccienoBanue Ha MOPCKUX CBUHKAX
[I0Ka3aj0, 4TO OH 3alllMIajl BCEX >KUBOTHBIX OT Jie-
tanbHo# 10361 BJI [39]. OcnabneHHblii HATUBHBIN BU-
pyc Obu1 monyyeHn MoauduKkanueld HyKICOTUAHOH IMOo-
CJIeIOBaTeNbHOCTH TeHa GP — TOMy4YeHHBIN npenapar
rLASV-GPC/CD 0b1 ManomnaToreHeH s MOPCKUX
CBUHOK U 00JIalaJl MPOTEKTUBHBIMU CBOWicTBamMH [41].
[epcneKTHBHBIM OKa3aJI0Ch U CO3JaHNe BUPYCONOA00-
HBIX YacTHL, coepxamux Bce Oenxu BJI, — mpemna-
patel WT-WT u WT-Exo(N) 3ammrunm Bcex MOPCKUX
CBHUHOK OT 3apakeHus jeTtaibHoi go3ou BJI [42].

Hawubosbiee KomuuecTBo pa3paboToK BaKIH HO-
BOro nokojeHust npotus JIJI Obu10 CBA3aHO ¢ KOHCTPY-
HPOBaHHUEM BEKTOPHBIX PEKOMOMHAHTOB Ha OCHOBE
pasnnuHbIx mwiar¢popm — mramma 17D dmaBuBupyca
xé&nroii mxopanku [43], anbdaBupyca BEHECYITbCKO-
ro sHIedanoMuenuTa nomaneit [44], Bupyca Be3uKy-
nspaoro cromaruta [45], mrammoB NYBH u Lister
ocrnoBakiuHbI [46], apeHaBupyca Momneiis [1, 47], Bu-
pyca kopu [48], casibMoHeIu1 [49], UHBIX BO30YAUTENICH.
Hpyrue crpareruu csizansl ¢ co3nanuem JJHK-Bakiun
[50]. Y)Kusble ocnabiacHHbBIC WM BEKTOPHbBIC KaHIH/IAT-
HBbIE BakIMHBL, TeHepupytoume 6enku NP n/mnmn GPC
BJI, BBI3BIBAJIM y >KMBOTHBIX BBICOKYH) aKTUBALUIO
CD8*-T-mumdonuros.

tamm 17D Bupyca >x€nTol TUXOpaaKH ObLI HC-
CIIEeI0BaH KaK BEKTOp IS 3KCIpecCHH aHTUreHos BJIL.
PexomOuHaHT 6611 ONTy4eH BcTaBkoli reHa GPC mram-
Ma AV BJI (nunus IV) mexay renamu E u NSI Bek-
Topa. BBenennem pexomOunantHoro Bupyca YF17D/
LASVAGPC uMMyHH3HpOBald MaKakoB LMHOMOJTY-
coB. bycTepHble MMMyHHU3allMM NPOBOAWIN Ha 14-e u
30-e CyTKH ¢ MOCTEAYIOIUM HHQUIIMPOBAHUEM JIETAIb-
HO 10301 mTammMa Josiah. DTOT KaHIUIATHBIN Mpera-
par He o0ecneun 3alInThl, U BCE TIPUBUTHIE YKUBOTHBIC
yMEpJIU ¢ KIMHUYecKuMU npusHakamu JIJI [43].

Makaku TUHOMOJITYCBI, IMMYHHU3UPOBaHHbBIE pe-
KOMOMHAHTOM Ha IuaTgopMe BHpYCa BE3HKYJSPHOIO
cromatuta (mpenapar rVSVAG/LVGPC), skcnpeccu-
pytorum GP BJI, nocnie 3apaxeHus JeTanbHON 1030
mramma Josiah He mornbnu Ha QoHe MOIIHOW CTUMY-
JSIIKMW TYMOPAJBHOTO U KIIETOYHOTO UMMYHHTETA 3TUM
npenaparom [45].

Onenka 3¢ dexruBHOoCTH pekoMOuHanTtoB BJI u
mramma Ankara Bupyca ocmoBakuuubl (Geo-LMOI1,
rVACC-LSGPC u ap.) Beisiuna 100% 3amuTy MbIIiei
OT BBEAECHUA JieTanbHOM 1036l BJI. Y mpHUBUTBHIX MBI-
uieid Oblia BEIpaKeHHAs MMMYHHas peakuus T-nmumdo-
uuToB yepe3 10 cyt nocne BakuuHanuu [52]. B npyrom
HCCIIEIOBAaHUM PEKOMOMHAHTHOTO BUpPYyCa OCIIOBAKIIU-
HBI, SKCIpeccUpyloliero pasnuunsie oonactu GPC u
NP BJI, Obu10 OnpeneneHo, 4to s 3aliuThl He00X0-
qumbl kKak GP1 u GP2, tak u nonuwiii GPC [43]. Do-
(EeKTHBHOCTb PEKOMOWHAHTA BHPYCa OCIOBaKIMHBI
rVACC-LSGPC, skcnpeccupytomero GPC BJI, 6bu1a
OlieHeHa Ha 00e3bsgHaX, MH(UIMPOBAHHBIX JIETaIbHOM
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no3oi mramma Josiah. Bce 00e3bsSHBI BBDKWIM, HO Y
HUX ObUIK JETKast TMXOpaaKa U BUPYCEMHSI C HU3KUMHU
tutpamu [46, 52].

Bupyc Momneilss MMMYHOJIOTUYECKU POACTBEHEH
BJI. Onu umeroT oamHakoBbie 3nuTonbel NP u GP2,
OZIHAKO 3TOTO OKa3aJloCh HEJOCTATOUHO JJIsi oOecreye-
Hud 3amuThl XUBOTHEIX OT JIJI [53]. Peaccopranthas
kaHaunatHas BakinuHa MOPV/LASV (ML29) 6buia
paspaboTaHa Ui COXpaHEHHsI HEMAaTOreHHOTo MpoQu-
Js1 BUpyca Moneis ¢ MHOYKIUEH UMMYHHOU 3alllUThL
npotuB BJI. Ona Hecér rensl L-cermenta PHK mitamma
An20410 Bupyca Moneiia u S-cermenra PHK mramma
Josiah BJI. Ora kangumarHasg BakimuHa Oblia Oe3omac-
Ha, IMMYHOTeHa U 3G peKTUBHA A MapMo3eTok [47].
Nmmynnsanus npenapatom ML29 unaynupoBaia Bbl-
cokuii yposenb CD4*- u CD3*-T-nmuMdounToB y Beex
MMMYHHM3UPOBAHHBIX KHUBOTHBIX [43]. Peaccoprant
MHAYLUUPYET UMMYHUTET, 3aIlUIIAIOMUN OT IITaMMOB
u3 Coeppa-Jleone n Hurepuu, oTHOCAIIUXCS K JTUHU-
s [ u IV Bo3OyauTens. T pe3ynbTarsl MOKa3hIBAIOT,
4yT0 peaccoprant ML29 Ge3omnaceH, IMMyHOT€HEH U
MHIYLUPYET INUPOKUNA TEPEKPECTHBIN 3aLIUTHBIN UM-
MYHUTET, onocpeoBaHHblii T-kiaeTkamu [1]. Merona-
MU 0OpaTHOW T€HETHKH JAJiSl pacHIMPEHHs JUara3oHa
MepeKpECTHON 3aIUTHI MOTyYeH MOAU(PUIUPOBAHHBIN
npenapar r3ML29, sxkcnpeccupyronuii JOMoIHUTENb-
weie antureHsl BJI — GPC u NP mramma LP (unus
1) [53]. Kpaiine orpanrdeHHBIE CBEICHUS O TATOT€HHO-
CTU BUpyca Momeis 1 4enoBeKa BbI3bIBAIOT OIlace-
HUS O BO3MOKHOCTH HCIIOJIb30BAaHHA €r0 peKOMOUHAaH-
Ta ¢ BJI B kauecTBe BakIIMHEL. B CBA3U ¢ 3THM METOAOM
00paTHOM reHeTUKH OBUI MONTyYeH OCIa0IeHHBINA BUPYC
Moreiis myTéM u3MeHeHust JomeHa 3'-5' 9K30HyKI1easbl
NP, HEoOX0auMOro Jyisi €ro MpOTUBOMHTEPPEPOHHOMN
aktuBHOCTU. ['er LASV/JOS-GPC Obl1 KIOHUPOBaH U
JKCIPECCUPOBaH B 3k30HE 6b koHCTpyKu MOPVAC.
OpHOKpaTHas MMMYHM3alUs HOJYYEHHBIM Ipernapa-
toM MOPEVAC LASV 3amutuna 100% o006e3bsiH 0T
rubenu nociie 3apaxenus BJI [53].

Paspaborana kaHgumaTHas ociaOlieHHasl YKUBas
BEKTOpHasi BakUMHA Ha IUIaTGopMe mramma Schwarz
BHpYca KopH, skcnpeccupytomas 6enku GPC u NP BJI
(MV-LASV-NP + GPC). Ilpenapar 3amuTiI SBAaHCKUX
MakakoB oT cMmeprenabHoi no3sl BJI [48, 54]. Hauara
I crapus KIMHUYECKUX UCHBITAHUM JAaHHOTO Ipernapa-
Ta Ha 0€30MacHOCTb, MEPECHOCHMOCTh U MMMYHOTCH-
HOCTB [55].

JHK-TexHonOrust ¢ HCHoiab30BaHHEM OakTepu-
aJNbHBIX IJIa3MUJ, HECYIIUX KOJ MOJUMENTUIHOMN I0-
CJIEZIOBATEIILHOCTH HEOOXOJUMbBIX aHTUT'CHOB [56], Tak-
e OblIa MpUMEHEeHa NP pa3paboTKe BaKIHMH MPOTHB
JUL Ipu uccnenoBannu kanauaarHoit JJHK-akiuHbl
(pLASV-GPC) nHa Makakax IIUHOMOJITycax >KUBOTHBIM
C MOMOIIIBIO 3JIEKTPONOPaLMK BBEJIN Mpenapar, Couep-
xaruii red GPC mramma Josiah BJI. Bee sHBOTHEIE,
3apak€HHBIC JICTAILHOM JJ030M ITaMMa Josiah, BbDKH-
mn G6e3 nuxopanku u Bupycemuu [50]. Kannmparnas

JHK-Bakuuna (INO-4500), BBogumast myTéM BHYTpH-
KOXKHOHM nsnekTtponopaiuu, nokazana 100% 3amuty
00e3bsiH OT cMepTenbHOl 1036l ITamma Josiah. IIpo-
XOJIUT PaHIOMM3MPOBAHHOE JIBOMHOE cleroe ucclie-
JIOBaHKME 3TOTrO mIpemnapara Ha goOposombiax B CLLIA
u PecniyOnuke ['ana, oleHMBaroliee HeKelaTelIbHBIC
SBJICHUS] U UMMYHOJIOTHYeCKHe MPO(UIIN, BKIIOYast TH-
TPBI aHTHUTEN, B TOM YHCIE HEUTPaIU3YIOIIUX, U ypO-
BeHb oTBeTHOTO IFN-y [55, 57]. OcHOBHBIC Hampage-
HUA pa3paOOTKU KaHAWJATHBIX BakUMH npotuB JIJI u
HEKOTOPBIC XapaKTEPUCTUKU Haubosee PPEKTUBHBIX
MpenaparoB MPeJCTaBICHB! B TA0INLE.

B nocnennue rospl Ha4aThl HCCIE0BAHUS 10 APY-
ruM HanpasieHusaM. Tak, Ha ocHoBe Bektopa ChAdOx1
ajicHoBUpyca Y25 IIMMIaH3e CO3/1aH PEKOMOWHAHT,
sxcnpeccupyronuii GPC mramma Josiah — ChAdOx1-
Lassa-GP. Ilpenapar npoaeMoHCTpUpOBal 3aIIUTHYIO
3 PEKTUBHOCTH NPU UCIIBITAHUK HA MOPCKUX CBUHKAX
Y MBIIIax, BeI3BaB HHAYKIuio T-kinerok Ha GP BJI nu-
wuit [I-111 BJI [22].

K mHactosmemy BpemeHH paspaboTaHo Oolnee
130 moTeHIMANbHBIX KAaHAMIATHBIX BAaKLIWH MPOTUB
JUUI [58], HO HM OfHA M3 HUX HE MPOXOAWIIA KIUHU-
YEeCKOW OLEHKH 3alIUTHOH 3(QPEKTUBHOCTH B IMUIO-
yarax W JIMIIb JBE — PEKOMOWHAHT BUPYCOB KOpH/
Jlacca (MV-LASV-NP + GPC) u JJHK-Bakuuna (INO-
4500)> — mpOXOAT UCTBITaHHUS Ha JOOPOBOJBIIAX HA
UMMYHOTEHHOCTh M 0e3BpemHOCTh. [lepcreKTHBHBIMU
KaHIUJaTHBIMU BaKLIMHAMH MIPEICTABISIIOTCS TaKKe pe-
KOMOMHAHT BUPYCOB BE3WKYJSIpHOro cromarura/Jlacca
(rVSVAG/LVGPC), THK-akiuua (pLASV-GPC), pe-
accoptanTbl BupycoB Momnesi/Jlacca (ML29 u r3ML29),
NPOAYLMPYIOIIKE TOJHOLUEHHBIH UMMYHHBIH OTBET U
3alIUTy 00€3bsH MOCIE OHOKPATHOTO BBEJCHUSI.

Kanmumarnas BakumHa rVSVAG/LVGPC nHa
iatTgopMe BUpyca BE3UKYJSPHOTO CTOMATHTa, IO Ha-
1IeMy MHEHHIO, MOJKET ObITh BecbMa 3 hekTHBHOM a7t
3amuThl Jrofaei ot JIJI, o 4éM KOCBEHHO CBUJICTENb-
cTByeT cieaytomee. Kak OblI0 OTMEUYEHO BBIIIE, BOC-
MIPOU3BEJICHNE TPUHIUIIOB CO3JaHMs Hambosiee yjay-
HBIX BaKUUH NPOTUB JUXOPaIKUd D007a MOXKET OBITH
YCIICIIHBIM IIPH pa3padoTke BakuH npoTus JIJI B cumy
CXOJICTBA UX KJIETOYHOTO MAaTOreHe3a U MMMYHOT€He3a.
Hawubonee nepcnekTrBHON BaKIIUHOM POTHUB JINXOPal-
k1 Dbona siBusercs pekomOuHant rVSVAG-ZEBOV-
GP, B xotopom GP 0060si0uku BUpyca BE3UKYJISPHOTO
cromaruta 3ameHéH GP mramma 3aup Bupyca D0ona.
Ora JMIIEH3UpPOBAaHHAs BaKLKMHA MPOJEMOHCTPUPOBA-
na 100% 3amuty 15 399 denoBek B X0/i€ KOJBIEBOM
BakIMHaIMK, npoBeAéHHod B I'Bunee B 2015 ., u B
HACTOAIIEe BpeMsl HCIIONb3yeTcsa B JleMOKpaTu4eCKou
Pecny6nuke Konro [59].

3 ClinicalTrials.gov. Dose-ranging study: Safety, tolerability and
immunogenicity of INO-4500 in healthy volunteers in Ghana;
2019. URL: https://clinicaltrials.gov/ct2/show/NCT04093076
(mara obpamenus January 25, 2022).
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OCHOBHbIE HanpaBneHus pa3paboTkn KaHAMAaTHbIX BakuuH npotue J1JT n addekTMBHOCTL NpenapaTos
The main directions of development of candidate vaccines against Lassa fever and the effectiveness of drugs
AHTUrEH; - SbdexT,
TecToBble TecToBbIN
lMpenapat (HanmeHoBaHwe) WTaMM (MUHUS) NpoLeHT lop, ccbinka
06BbeKThI S napameTp e
Drug (name) . Antigen; Efficiency, | Year, reference
Test objects S Test parameter
strain (line) percent

Moaudumkaums Bo3dyautens | Modification of the pathogen

MHakTnBmpoBaHHbIn BJl
Inactivated Lassa virus

Hanouactuubl ¢ GP1, nHkancynupoBsaH-
Hble B nonumepsbl (LASVGP1)
Nanoparts with GP1, polymers
encapsulated (LASVGP1)

Bupyc Ilacca ¢ nepecTpoeHHbIM
reHomom rLASV(IGR/S-S)

Lassa virus with a rearranged genome
rLASV(IGR/S-S)

0O6Ge3bsiHbI
Monkeys

Mbiwn
Mouse

Mopckne CBUHKM
Guinea pigs

Cwmecb WTamMmoB

Strain mix

GP1; HET AaHHbIX

GP1; no data

Josiah (IV)

AHnTuTena | Antibodies
BenkvBaemocTb | Survival rate
AHTuTena | Antibodies

T, B-numcbouuTsl
T, B-lymphocytes

BbipkvBaemocTsb | Survival rate

BbnkmBaemocTsb | Survival rate

Co3paHne peKOMOMHAHTHBLIX (PeacCcopTaHTHbIX) KOHCTPYKLMMA
Creation of recombinant (reassortant) structures

PeaccopraHTbl BUpycoe Mones/Jlacca:
Reassortant of Mopeya/Lassa viruses:

+ ML29

* r3ML29

PekomMBUHaHT BMpPYCOB XEnToMn
nuxopagku/Nacca (YF17D/LASVAGPC)
Recombinant viruses Yellow fever/Lassa
(YF17D/LASVAGPC)

PekomMBUHaHT BMPYCOB BE3UKYNSPHOTO
ctomaruta/llacca (rVSVAG/LVGPC)
Recombine of vesicular stomatitis/Lassa
viruses (r'VSVAG/LVGPC)

PekomBuHaHT BMpycoB
ocnoBakuuHeil/Jlacca (rVACC-LSGPC)
Recombinant smallpox vaccine/
Lassa viruses (r'VACC-LSGPC)

PekombuHaHT BUpycoB kopw/flacca
(MV-LASV-NP + GPC)
Recombinant Measle/Lassa viruses
(MV-LASV-NP + GPC)

O6e3bsiHbI
Monkeys

0O6Ge3bsiHbI
Monkeys

Mopckne CBUHKM
Guinea pigs

O6e3bsiHbI
Monkeys

0O6e3bsiHbI
Monkeys

0O6e3bsiHbI
Monkeys

Ioan
Human

GPC + NP;
Josiah (IV)

GPC + NP;

Josiah + LP (IV + 1)

GPC; AV (IV)

GP;
Josiah (IV)

GPC;
Josiah (IV)

GPC + NP;
Josiah (IV)

AHTuTena | Antibodies

T, B-numdoumntsl
T, B-lymphocytes

BbiknBaemocTs | Survival rate

AHnTuTena | Antibodies

BbpkuBaemocTb | Survival rate

AHnTuTena | Antibodies

T, B-numdoumnTbl
T, B-lymphocytes

BbipkmBaemocTb | Survival rate

AHTuTena | Antibodies

T, B-numcbouuTsl
T, B-lymphocytes

BbpkmBaemocTsb | Survival rate

BbenkvBaemocTb | Survival rate

Bes3BpeaHoCTb,
MMMYHOFeHHOCTb
Harmlessness,
immunogenicity

Pa3pa6otka JHK-BakumH | Development of DNA vaccines

OHK-sakuuHa (pLASV-GPC)
DNA-vaccine (pLASV-GPC)

OHK-BakuuHa (INO-4500)
DNA-vaccine (INO-4500)

0O6Ge3bsiHbI
Monkeys

0O6e3bsiHbI
Monkeys

Toan
Human

GPC;
Josiah (IV)

BbipkvBaemocTsb | Survival rate

BbpkuBaemocTsb | Survival rate

BesBpenHocTb, aHTUTENA,
T-numdpoumTsl, IFN-y
Harmlessness. antibodies,
T-lymphocytes, IFN-y

100

100
100

100

100

100

100

100

100

100

100
100

100
100

Het
naH-
HbIX

data

100

100

Het
naH-
HbIX
No
data

1992
[39]

2017
[40]

2020 [37]

2012 [43]

2019
(1

2018 [53]

2012
[43]

2020 [45]

2004
[52]

2020
[54]

2021
[55]

2017
[49]

2019
(50, 57]
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3aknioyeHue

OmnacHocts Jauxopaku Jlacca niaurenabHoe Bpemst
HEJO0OLIEHNBAIM, OJHAKO IIOCJE HECKOJIbKUX JIHJIe-
muit 2015-2016 rr. B Hurepumu, rae neraasHOCTh cpe-
I 1a00paTOpHO MOATBEPKAEHHBIX CIIy4aeB JOCTHUIIIA
59,6%, BO3 ompenenuna e€ Bo30yanuTens NPHOPUTET-
HBIM NIATOT€HOM JISl pa3paOOTKU BakIMH U OOBSBUIIA
Ype3BbIYAHYIO CUTYalUIO B 00JIACTH OOILECTBEHHOTO
3apaBooxpaHenus. BO3 onyOimkoBana TpeOoBaHUs
JUIS1 9TOM BaKLIIMHBI — ONTHMAaJIbHbIE KaHTUIaTHbIC BaK-
LMHBI JOJDKHBI COOTBETCTBOBATh CIEAYIOIIUM KpHUTe-
pHUSIM: UMEThb IpUeMJIeMble 0e30MaCHOCTh/PEaKTOreH-
HOCTb, BBICOKYIO (> 70%) 3(¢deKTUBHOCTE B MPEIOT-
BpAaIlCHUU 3apaKEHUsI WM 3a00JIeBaHMs, BBI3BAHHOTO
mraMMoM Bo30Oynutens nuHui -1V, u obecneunBarhb
JUIUTENBHYIO (= 5 JIeT) 3alUTy OT HUT€PUMCKUX ILITaM-
MOB, UIMETh MUHUMAJIbHBIN CPOK TOJHOCTH 12 Mec npu
—20°C u 6 mec mpu 2—-8°C [17].

CnoxHoctu pa3paboTku BakiuuH npotuB JIJI
OTIPECTSIOTCA  BBICOKOM OMAacHOCTHIO BO30YIUTENS
U 0coOeHHOCTSIMU ero Ouonoruu. PaboTel ¢ BuUpycom
I rpynmbel matoreHHOCTH MOXKHO TPOBOAMTH JIMIIb B
naboparopusix HauBbICIIETO YpoBHs 3amuThl (BSL-4),
KOJIMYECTBO KOTOPBIX B MUpe HeBeluko (B Poccum —
mumb 2). Jns pa3paOoTKH MOJIMBaJCHTHON BaKLIKHBI
npotus JIJI cepbé3Hoii mpobneMoii siBisieTCs TeHeTHYe-
CKO€ pa3HoO00pasue NUPKYIUPYIOIUX B o4arax LITaM-
MOB, T€TEPOTreHHBIX M0 aMUHOKucIoTaM OenkoB GPC
u NP, uto ocnoxHseT co3naHue 3QQPEeKTUBHBIX yHU-
BepcaJbHBIX BAKIWH MPOTHB BCEX JIUHUN BO3OYIUTEIS.
OnHOHl M3 BaXKHEHIIMX XapaKTEpUCTHK >KUBOM KaH-
JUIIATHOW BaKUUHBI J0JDKHA OBITH TeHETHYECKas cTa-
OUIIBHOCTD AJIS1 NCKIIFOYCHUS] PEBEPCHH B HAIIPABICHUH
K OoJiee MaTOreHHOMY Te€HOTHUITY, YTO OCOOCHHO Ba)KHO
s PHK-coaepaxaiux BUpycOB, MOCKOJIBKY MEXaHU3M
UX pEIUMKalUKy, IOJABEP>KEHHBIA BBICOKOW YacTOTE
OIIUOOK, IPUBOIUT K OBICTPOI SBOJFOIUH.

N3znoxeHHple MaTepuasbl MMOKA3bIBAIOT, YTO 3a-
mwmta oT BJI ¢popMupyercss B OCHOBHOM MOCPEACTBOM
KJIETOYHOTO UMMYHHUTETA, YTO JOJDKHO ONpPENesATh Ha
nabopaTtopHOl cTaguy pa3paboTKU BaKUUH OCHOBHOU
Kkputepuii (Onomapkep) BeiOOpa Haubosee 3PPeKTUB-
HBIX TpPEenaparoB — YPOBEHb U XapaKTep OTBETHBIX
peakuuii T-TMM(OIUTOB y TOMOMBITHBIX >KUBOTHBIX.
I'ymopanbHBIi OTBET MEHEE 3HAUUM JUIS IIPOTHO3U-
poBaHust 3()(EKTUBHOCTH KaHAMJATHOTO IIpemapa-
Ta. AHaJIM3 JaHHBIX 10 UMMyHoreHesy JIJI BeisBsEeT
0COOEHHOCTh TNEPCIEKTUBHBIX KAHIUIATHBIX BakK-
LUUH — TPENNOYTUTEIbHBIM IpernapaToM Oblia Obl pe-
IUTMIUPYIOLIasics M anaToreHHas BakIMHa, CIOCOOHas
MHAYLUUPOBAaTh MPaBWIBHOE COYETAHUE KJIETOUHBIX U
ryMOpaibHBIX OTBeTOB. K HacTosIieMy BpeMeHHu ca-
MbI€ MHOTOOO€CIIAIoIINE pa3paboTaHHble KaHAUJaTHBIE
Ipenaparbl HOBOTO MOKOJIEHHS OCHOBAaHbI HAa MCIIOJb-
3oBanuu JIHK-mmardopm, a Takxke pekomOuHanTos BJI
C BUpyCaMH KOpH, BE3UKYJISIPHOIO cTOMaTuTa, Monenu.
[Tokazano, yto Tonbko peaccopranT r3ML29 3amuia-

eT oT mwrammoB u3 Ceeppa-Jleone u Hurepuu, otHOCS-
muxcs K iuausM [V u 1 Bo3oynurens. B cuity cxoncta
KJIETOYHOIO MaroreHe3a u ummyHorenesa BJI u Bupyca
D0o1na, HECOMHEHHO, TIEPCIIEKTUBHA KaHAWAAaTHAS BaK-
nuHa TVSVAG/LVGPC nporus BJI, aHanoruunas mo
KOHCTPYKLIMU JIMLIEH3UpOBaHHOW BakiuHe rVSVAG-
ZEBOV-GP npotus nuxopaaku D6ona.

N3BectHa ncrtuHa: «Mbl He MOXEM IIpeLyrajarb
Oyny1iee, HO Mbl MOXEM MOJATOTOBUTHCS K HeMy». [TaH-
JIeMHsI HOBOM KOPOHABUPYCHOW MH(EKINH, BHI3BAaHHAS
BupycoM SARS-CoV-2, noka3bIBaeT BO3HUKILIHE NPHU
9TOM CIIOKHOCTH C SKCTPEHHOW pa3pabOTKOH U BBIMY-
CKOM 3THOTPONHBIX CPEACTB NPOQUIAKTUKU U Jiede-
Husl. HakonueHHbIA IpU 3TOM OPraHU3allMOHHBII OIIBIT
CBUJICTENBCTBYET 00 aKTyaJIbHOCTH IIOCTOSIHHOM pa3pa-
OOTKH CPEACTB CIEHU(PUYECKON 3alIUTHI B OTHOLICHUH
3HAUUMBIX 0CO0O ONMACHBIX WH(EKIHH, B TOM YHUCIE
JIJ1, B mmane TOTOBHOCTH 00eCIeueHus OUOIOrHYECKOM
6e3onacHoctu HaceneHus Poccuiickoii @enepannu.
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Review article

AHHOMauus

Mpobnema onpeaeneHus ycrioBMn 1 MEXaHU3MOB arpernpoBaHns YyMHOro MMkpoba B opraHu3me nepeHoc4u-
KOB — Ornox — Bcerga Obina akTyanbHOW, a ¢ koHua 1990-x IT. B CBSI3W C Ha4anom uccregoBaHuii 6MonmnéHok
nony4ura HoBoe pa3BuTUE.

C uenbto BbISIBNEHMSI 0COBEHHOCTEN arpermpoBaHnst YyMHOro Mukpoba B opraHvM3mMe OCHOBHOIO NepeHocymka
B TyBMHCKOM npupogHoM oyare — 6roxu Citellophilus tesquorum — npoaHanuanpoBaHbl U 0000LEeHbI AaH-
Hbl€ MHOTOMETHUX SKCNEePUMEHTAlbHbIX UCCNeqOBaHUN, NPOBEAEHHBIX C TUMMYHBIMU ANs o4ara BUPYNEHTHbI-
MU WTammamm Yersinia pestis subsp. pestis. QktonapasntoB MHULMPOBaNN U NPOBOAMMAN MOAKOPMKM Ha UX
€CTECTBEHHOM MPOKOPMUTENE N OCHOBHOM HocuTtene Y. pestis B TyBUHCKOM o4yare — ANMHHOXBOCTOM CYCIMKE
(Spermophilus undulatus). BsaumooTHoweHua Y. pestis n 6nox oueHnBanu no gorne ocobewn ¢ KoHrnomeparamu
— «mMblbkaMmy, cchopMUPOBaBLLMMUCS 3a NOAKOPMKY, U «Brnokamuy npegxenyaka 3a NoAKOPMKY U 3a OMbIT B
Liernom, KoTopble PerncTpupoBany BUu3yanbHO B XMBbIX Gnoxax nocre KpoBOCOCaHMs!, a Takke Mo YyacTtoTe nepe-
Aaun Bo30yaMTens XXUBOTHbLIM, UCMOMb30BaHHbIM A1 MOAKOPMOK.

MpoBeaéHHbI aHann3 No3BoNuI BbiIBUTE (DAKTOPbI, BNUSIIOLLME HA YacToTy U AMHaMUKY popMmnpoBaHus pas-
nnyHbIX hopm arperaToB Y. pestis y C. tesquorum, n paccMOTPETb 3TV MPOLIECChI KaK PyHKUMOHarnbHyo agan-
Taumo mukpoba k opraHmamy 6roxm.

KnroueBble cnoBa: 0630p, Yersinia pestis, azpeauposaHHocmsb, 6rioxa, adanmauyusi

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSOT 06 OTCYTCTBUM BHELLHEro (oMHaHCMPOBaHWUS Npu NpoBeaeHUn Uc-
crefoBaHus.

KoHgbniukm unmepecoe. ABTOPbI AEKNapypyoT OTCYTCTBUE SIBHBLIX M MOTEHLIMATBbHBIX KOH(IIMKTOB MHTEPECOoB, CBSi-
3aHHbIX C NyGnyKaLmeit HacTosALLei CTaTbu.

Ansa yumupoeaHus: bazaHosa J1.11., Hukutux A.A., Tokmakosa E.I. ArpernpoBaHHOCTb Yersinia pestis kak yHKLMO-
HanbHas aganTaums Kk opraHusmy 6roxu (063op). XKypHan Mukpobuonozuu, anudemuonosuu U umMmyHobuonoauu.
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The Yersinia pestis aggregation as a functional adaptation
to the flea organism (review)

Lyubov’P. Bazanova®™, Aleksey Ya. Nikitin, Elena G. Tokmakova

Irkutsk Antiplague Research Institute of Siberia and Far East, Irkutsk, Russia

Abstract

The understanding of mechanisms and conditions of plague microbe aggregation in vectors’ (fleas) organisms
has been of interest for a long time, and, with start of biofilm research in 1990s, it got a new perspectives.

With the aim to determine the characteristics of the plague microbe aggregation in the organism the main vector
in Tuva natural plague focus’ — flea of Citellophilus tesquorum species, the data of many years of experimental
studies focused on typical virulent strains of Yersinia pestis subsp. pestis were summarized and analyzed.
Ectoparasites were infected and fed on long-tailed ground squirrel (Spermophilus undulatus), which is their
natural host and main carrier of plague in Tuva natural plague focus. Interaction between Y. pestis and fleas were
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estimated using the rate of individuals with conglomerates “bacterial lumps”, formed during feeding, and “blocks”
in the proventriculus formed during feeding and throughout the whole experiment registered in alive fleas after
bloodsucking, and also using frequency of causative agent transmission to animals used for feeding.

The analysis identified factors influencing the frequency and dynamics of different Y. pestis aggregate types
forming into C. tesquorum, and suggest that these processes are functional adaptation of microbe to the flea

organism.

Keywords: review, Yersinia pestis, aggregation, flea, adaptation
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CriocoOHOCTh BO30YIUTENS YyMbl K arperupoBa-
HUIO B MUIIEBapUTEIHLHOM TpakTe OJioxu obecreuunia
CTaHOBJICHHE B MPOLECCE IBONIOLUHN TPAHCMHCCUBHO-
ro Mexanmsma ero pacmnpoctpanenus [1-5]. IlnoTusie
arperanuy, Gopmupyembie Yersinia pestis B CpeaHei
KHLIKE OJI0XH U OJIOKUPYIOIINE MPEAKENYNOK, OKpYKe-
Hbl BHEKJIETOUYHOU Marpuieil (Ouoruiénkoii) [6]. OHa
3alIMIIaeT BO30yANUTENs OT 3alIMTHBIX peakiuii 6ecno-
3BOHOYHBIX [2] ¥ HAYaJIBHOTO BO3AEHCTBUS UMMYHHOMN
CHUCTEMBI TEIJIOKPOBHBIX X035€B [3, 7].

[MpeameTom OONMBIIMHCTBA UCCIIEOBAHMI ajarnTa-
UK Y. pestis K CylIeCTBOBaHHUIO B 0J0Xe-NepeHOCUH-
Ke SIBISACTCS «OJOK» Mpelkenyaka, a 0ObeKTOM WU
STAJIOHOM cpaBHeHUs — Onoxa Xenopsylla cheopis.
B opranmusme nanHoi 010X BO3OYAHMTENb YyMBI Yallle
nposiBisieTcss B popme «OIOKOB», a HE CBOOOAHO Ia-
BAaIOIIMX, HENPUKPEIUIEHHBIX GOpM — «IIBIo0K» [8].
B 10 ke Bpems u3BecTHa TOuka 3peHus [9], uto Oak-
TepUaNbHbIC «IIBIOKM» B JKEIyAKe OJOX HE CiIyKar
OCHOBOM Il «OJIOKOOOpa30BaHUs» B OTAAJIEHHBIC OT
3apakeHusi Cpoku. Takue OIOXH MOTYT SIBISITBCS CBOC-
00pa3HBIMH XPaHUTEISIMU MHUKPOOa, y4acTBOBaTh B
3apa)KeHWH LIEPCTU TPhI3yHa U FHE30BOM KaMephl, 00-
CEMEHSISl OKPYKAIOIIYI0 Cpely >KUBBIMU OaKTEpHSIMHU,
3aIMIIEHHBIMU  OT BO3ACUCTBHS HEOIaronmpHUATHBIX
YCIOBUH BHEHIHUMH MeMOpaHHBIMH 0OOpa3oBaHHUSIMHU
[3, 10]. Ha mpumepe On0X-IepeHOCYUKOB U3 CHUOUP-
CKUX NPHPOAHBIX OYaroB YyMbl HAMH YCTaHOBIECHO,
4T0 ()OPMHUPOBAHHE «IJIBIOOK» TMPOUCXOIUIIO Y BCEX
12 B34THIX B HCCIIEIOBAHNE BUIOB U IOABHJIOB STHX JK-
TOMAPa3UTOB, MPUIYEM Pa3IUIHA MEXKIY aKTHBHBIMU U
HEaKTHBHBIMHU TIEPEHOCUUKAMHU T0 4aCcTOTe UX 00pa3o-
BaHMUSI B 1IEJIOM HE JOCTOBEPHHI [§].

C 1uenblo BBISIBICHUS OCOOCHHOCTEH U yCIO-
BUH (opMHpOBaHMs arperupoBaHHBIX (GOPM («IIIbI-
00K» U «OnokoB») Y. pestis B opranusme Citellophilus
tesquorum — OCHOBHOTO TepeHocUYrKa B TyBHHCKOM
npupoanom ovare (TTIO) [11-14] — mpoBenén aHa-
Ju3 U 000OIIEeHbI JaHHBIE COOCTBEHHBIX 3KCIICPUMEH-
TaJbHBIX MCCIIEOBAaHUHA C HMCIOIB30BAaHHEM Mapame-

© Bazanova L.P., Nikitin A.Ya., Tokmakova E.G., 2023

TPUUYECKUX KPUTEpUEB, 0€3 M3yueHHs paclpeieieHus
BPEMEHHBIX PAAOB. Pe3ynbTarel OTHENBHBIX IKCIIEpHU-
MEHTOB paHee ObUIM OIyONMKOBaHBI, OJHAKO Oolee
MOJHAsT «pacin(ppoBKa» MEXaHU3MOB IpucHocobe-
HUS (aganTanuu) Bo30yIUTeNsl YyMbl K CyIIECTBOBa-
HUIO B opraHusMe nepeHocurka (Ha npumepe TIIO)
cTasla BO3MOXKHOW TOJIBKO MPH 00O0OIEHUN U aHAN3e
MHOTOJICTHUX AaHHBIX.

Hunamuka snuzooruyeckoro npoiecca B TI1O B
OCHOBHOM OITIpeensieTcss 0COOCHHOCTSMHU B3anMozek-
CTBHSI YKU3HEACATENBHOCTH AJMHHOXBOCTOTO CYCIHH-
Ka (Spermophilus undulatus) — 0CHOBHOTO HOCHTENS
B030ynuTens uymsl [14, 15] — u Onoxu C. tesquorum
[16, 17], sBusromieiicss B TaHHOM Odare HE TOJIBKO OC-
HOBHBIM MEPEHOCYUKOM, HO U XpaHUTeleM BO30yau-
tenst [18]. B mociennue rogsl B ouare HaOMIOMAOTCS
TpaHcopMalus Napa3uTOLEHO30B M BO3pacTaHHe
SMHU300THYECKON aKTUBHOCTH, CBSA3aHHBIE B TOM YHCIIE
C POCTOM YHCIICHHOCTH M MUTPAllMOHHON aKTUBHOCTH
C. tesquorum, IPOUCXOIAIIMMHU Ha OHE apuAN3aLIH
knmumara [14, 19]. B MHOromeTHUX 3KCIEpUMEHTaXxX
WCIOJIb30BaHbl THUIIMYHBIE AJISl Oo4ara BUPYJICHTHBIC
mramMmbl Y. pestis subsp. pestis. OTIU4YUTENbHBII
MpHU3HAK TYBUHCKUX M30JSTOB Y. pestis — Hamu4ue y
HHUX B FEHOME JIOTOJHUTEIBHON YETBEPTOM MIIa3MUbI
pTP33 ¢ monekynsapHoit maccoit 22 M/la (~33 1.1m.H.)
[20]. IIpu ananu3e GyHKIMOHATBHBIX CBOHCTB IJIA3-
munbsl pTP33 BeICKa3aHO OPEONOKEHUE O TOM, YTO
OHa WIPaeT POJIb B Mpolecce KOJOHU3ALUU MpeKe-
nyaka 010X, odecriedrBast OOJIBIIYIO IPOYHOCTh IK30-
noJcaxapugHoro marpukca ouomnénku [21]. Dxro-
Napa3suToB MHQHUIUPOBAIN M MPOBOIMIH MOJKOPMKH
Ha S. undulatus. YactoTy 1 AuHaMuKy GopMuUpoBaHUS
arperupoBaHHbIX Qopm Y. pestis y 010X OlEHUBAIU
10 J10JI€ 0CO0EH ¢ «OIIOKOMY U «ITIBLIOKAMHY, OTMEUae-
MBIM BU3yaJlbHO Ha ()OHE a0l KPOBH MIPHU MIPOCMOTPE
M0J] MUKPOCKOIIOM KHBBIX UMAaro mociie KaxI0u mos-
kopMKH. [TogpoOHO MeToABI TpoBeNeHHS SKCIIEPUMEH-
TaJbHBIX UCCIIEJOBAHUI OTPa’KEHBI B OIyOINKOBAaHHBIX
panee padorax [11, 22-24].
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Ce30HHaA guHaMuKa arpernpoBaHusa Y. pestis

Bo B3aMMOOTHOWIEHHSIX YYyMHOTO MHKpoOa WH
6noxu C. tesquorum B TIIO nposiBisieTcst 4ETKO BBIpa-
JKCHHAas CE30HHOCTb, KOTOopasi 00yCIIOBIIeHa, BEPOsITHEE
BCET0, UX JJUTENbHON Koanmanrtamued [22, 24]. Tak,
J0JIsL 0cO0el C «IIIBIOKaMI» OCEHBIO PE3KO BO3pacTaeT
K KOHITy dKcriepuMenTa (3—4 okTs0psi): 3a ABe mocie-
HUE MOJIKOPMKH BhIsIBIICHBI 64,5 11 67,7% Takux ocodeit
(puc. 1, a). [lo cpaBHEHHUIO CO CpEIHUM 32 BECh OIBIT
nokaszaresnem (15,8 £ 4,6%), nois OJI0X ¢ «IIILIOKaMmY
K Haualy OKTSA0ps yBenunumiack Oonee ueM B 4 pasa.
B 310 Bpemst uMaro 3akaH4MBalOT (HU3UOIOTUUYECKYIO
NEePECTPONKY Uil TEPeXHBAaHUS 3UMHEr0 IMepuoaa
B COCTOSIHUHM OLICIICHEHUsI, YTO, BUAUMO, MIPUBOIUT K
M3MEHEHUIO B3aMMOJCHUCTBHSI MUKPOOa C OpraHu3MOM
NEePEeHOCUYNKa, BO3PACTAHUIO CIIOCOOHOCTH BO30OyaHTE-
751 K arperupoBaHuio. Tpu nepBble MOAKOPMKH MOCIE
BbIXO/la OJIOX M3 JIuanay3bl BECHOW NMPUXOAMIIMCH Ha
228, 232 n 235-e cyTku oT 3apaxkeHus1. OceHblo 3a Io-
cJeIHUE TTOAKOPMKHU BBISIBUIIM B cpenueM 65,9 £ 1,43%
ocobeit ¢ «IIBIOKaMuy, OCIIE IEPE3UMOBKH STHX OJI0X
3a TpU MEPBBIX MOJKOPMKH BecHo — 45,8 + 1,16%
(6e3 yuéra mona). Takum 00pa3oM, perucTpaius arpe-
ratoB MUKpo0a y «Iepe3uMOBaBIINX» UMAro B BECEH-
HUii epuon (puc. 1, 6) Onnke K JaHHBIM, TOTY4YEHHBIM
y 3TuX OJI0X OCEHBI0 mpenpiaymiero roma (puc. 1, a).
OTOT (QaKkT MO3BOIWI HPEAINOTIOKUTH, YTO UMEHHO B
arperupoBaHHOM COCTOSIHUU Y. pestis HaXOAUTCS B Op-
raausme C. tesquorum Bechb XOJOOHBIN MEpUOA TOAA.
OO0 >ToM MOXET CBHJIETEIbCTBOBATh U CYIICCTBEHHOE
pasnuyue Aoiu ON0X, Y KOTOPBIX BBISBISUIM KOHIJIO-
Mepartbl Y. pestis 3a TpU TNEPBbIC MOIKOPMKHU OCEHBIO
nocne 3apaxkenus (0) u BeCHOHN mocie Mepe3uMOBKH
(45,8 +1,16%; t=19,78; p < 0,001).

Ji1st TOATBEP KICHHS STOTO MPEATIOI0KEHHSI TIPO-
BEJIEH CPABHUTEIILHBIN aHAIU3 PE3YIbTATOB BECCHHETO
(puc. 1, 6) 1 AeTHETO OMBITOB C OJIOXaMM JBYX KajeH-
JapHBIX BO3PACTOB («IEPE3UMOBABIINMI» U «MOJIOJIBI-
mu»). K mepBbeIM oTHeceHb! 0510XH, HHOUIUPOBAHHEIE
OCEHBIO MPEIBIAYILEro roja U nepeuMoanine (To-
clie mpoBeicHHus 18 MOJKOPMOK B CEHTAOPE—OKTSOpE)
B COCTOSIHWM ollenieHeHust 06e3 nmpokopmuTtens. Ko Bro-
PBIM — HACEKOMBIE BBITIOAA W 3apa)KeHUs TEKYILETO
rona. BecHoit y «Momozpix» 010x mpu ux 100% 3a-
pakEHHOCTH TOCe 3 MEePBBIX MOJKOPMOK JOJS HMa-
ro ¢ «rblOKkamu» Obuta cymecTBeHHO Hinke (0,70 +
0,34), yem cpenu «mepe3umoBaBmux» (45,80 + 1,17;
t = 13,02; p < 0,001), a makcumym (27,6%) «moio-
JBIX» OJIOX € «IIIBIOKaMI» 3apETUCTPUPOBAH TOJIBKO Ha
28-e CcyTkM Tocne 3apaxeHus (IOAKOpMKH 7-9;
puc. 1, g). Jletom (B utone), 6osee uem yepes 280 cyt
MOCJIC 3apaXKAKOIEro KOPMIICHUS, J0JIsI OJI0X C «IJIBbIO-
KaM#» Cpellu «Iepe3nMOBaBIINX» 32 TEPBBIE TPH MO~
KOPMKH B CPETHEM OCTaBaJIaCh CTAOMIIBHO BBHICOKOM —
45,90 £ 4,03%, a cpeau «MOJOIBIX» 3a TOT KE MEPHO
oHa ObLIa 3HauMTeNbHO HIbKe — 1,80 £ 1,82% [24].
JanHbie ¢GaxThl yKa3blBalOT Ha BO3MOXKHOCTH COXpa-

REVIEWS

HeHus Y. pestis B opranuzme umaro C. tesquorum B
«TIBIOKAX» HE TOJIBKO Ha MPOTSHKEHUU 3UMHETO IIepHO-
J1a, HO U JI0 HOBOT'O 3MTM300THYECKOTO CE30Ha.

YcTaHOBIIEHO HAMYKME CE30HHBIX M3MEHEHUH ya-
CTOTHI «0J10K000pazoBanus» y C. tesquorum B dKCIIepu-
MEHTAJIbHBIX YCIOBUSX [22]. B utone — Havane aBrycra,
B MEPHOJ aKTUBU3ALMU SMU300THYECKOrO Ipoliecca B
ouyare, oHa jjocturaia makcumyma — 10,6 £ 2,4% «Oiio-
KHPOBaHHBIX» 0c00ei 3a OnbIT. B TO e Bpems oTMeueH
U MUHUMAJIBHBIN CPOK (3 CYT) OT 3apa’keHUsl UMaro J0
(hopmupoBanusi iepBoro «osoka». OCeHbro (CEHTIOPH)
MPOLICHT «OJOKUPYIOIUXCS» 0co0ei 3aMETHO YMEHbB-
mwicst U coctaBua 6,00 = 1,94%, dro mpunuiocs Ha
BpeMs crazia dSMu300THH B odare. [lepBrie nocne 3apa-
KCHHSI 0COOM C «OJIOKOM» BBISBIICHBI OCEHBIO Ha 7-¢
CYTKU. 3UMHHI MEpUo]] 3HAYUTEIbHAS YacTh WHPHULIHU-
POBAaHHBIX OCEHBIO MMaro IMepeKUBaeT B COCTOSHUU
olereHeHus. BecHol cpeny nepe3uMoOBaBIIUX B JKC-
MEPUMEHTABHBIX YCIOBUSX OJIOX BBISIBIICHO MeHee 2%
(1,7 = 0,9%) «bnoxupoBaHHbIX». [lepenaun Bo30yau-
TeJIs 3BepbKaM C aKTUBHBIM HPOsIBIICHUEM HH(PEKLINOH-
HOTO TIpoLiecca B 3TOT MEPHUO HE 3aperuCTPUPOBAHO.
B wurone, ¢ HayamoM axkTHBM3alMM 3MHU300THYECKOTO
Ipolecca B o4are, B 9KCIIEpUMEHTE BO3POCIa Kak O
0co0eii ¢ «OJIOKOMY Cpeiv IEPE3UMOBABIIIHX OJI0X — 110
4,6 = 1,6%, Tak 1 4acTOTa Mepeaaun BO3OyAUTEINs Uy-
MBI, KOTOpasi ObljIa yCTaHOBJIEHA OaKTEPHOIOTHIECKUM
meTonoM Yy 3 u3 10 UCronb30BaHHBIX JJI MOAKOPMOK
CYCJIMKOB.

AHanu3 TMONYyYeHHBIX JAaHHBIX MOKazaj, 4To y
C. tesquorum HaOMIONAETCs BBIpAXKEHHas CE30HHAs
JUHAMHUKa HE TOJIBKO YacTOTHI U CPOKOB «OJI0KOOOpa-
30BaHus» [24], HO U MHPEKIMO3HOCTH YKYCOB «OJ0-
KHPOBaHHBIX» 0c00€H, 4acToThl Hepenayn MHQPEKIuu
0JI0XaMHU U TeHepain3aluy WH(EKIIMOHHOTO Tpoliecca
y 3a0oneBuux Hocutenei. Heo0xoqumo oTMeTUTh, 4To
MaKCHMAaJbHbIC 3HAYEHUS BCEX MEPEUHCICHHBIX MOKa-
3arenel B yCIOBUSAX SKCIIEPUMEHTa COBIIAIaJIH 110 Bpe-
MEHHU C MMKOM aKTUBH3ALMH ATM300THYECKOTO MTpoLec-
ca B IPUPOJTHOM odare.

BnuaHue nona 6noxu
Ha arpermpoBaHHOCTb Y. pestis

[Ipennonaranock, 4TO BhIPaKEHHBIN MTOJIOBOU JIU-
MOp®H3M y 00X TOTKEH OTPaXKaThCsl Ha CIOCOOHOCTH
K COXpPaHEHHIO U paclpOCTpaHEeHUIO Y. pestis cCaMKaMu
u camnamu. [1o pesyiasraram 3 OMBITOB, MPOBEAEHHBIX
B HIOJIe—aBrycTe (B pa3Hble TOAbI), 107 «OIOKUpOBaH-
HbIX» caMloB C. fesquorum B 3TOT IEPUOJ] 3HAUYUTEIb-
HO TIPEBhINIANA IO CaMOK ¢ «Onokom» (pHc. 2, a).
[lonoBeie paziauyust MO AAHHOMY MPH3HAKY JOCTO-
BEpHBI ISl TOKa3aTenell BceX aHAIU3UPYyEeMBIX JIET-
HUX OIBITOB (711 epBoro u Broporo — p < 0,05, nis
tperbero — p < 0,001). [Iponecc «OnoxkoodpazoBaHus»
y caMIIOB Ha4YMHAJCS M 3aKaH4YMBAJCSA PaHbIIE, YeM Y
camok. IIpu 3TOM 3aKOHOMEPHBIX MOJIOBBIX Pa3IHMUUMA
B (popMUpOBaHUYU OAKTEPHAIILHBIX «IJIBIOOKY» B JICTHUH
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Puc. 1. Ce30HHbIE 0COBEHHOCTM hOPMMPOBAHUS KOHITIOMEPATOB YYMHOIo Mmnkpoba y monoapbix 6rnox C. tesquorum altaicus
Bbinfioaa Tekyuiero roga n nepesnMmoBaBLLNX B COCTOAHUN OoLeNeHeHns.
a8 — OCEHb, 6rnoxu BbiNnfiogda 1 3apakeHusa TekyLlero roga, 6— BeCHa, nepe3nMmoBasLlne nmaro BECHOM cnepywoulero roga, 8 — BeCHa,
pes3ynbraTtbl NapanfenbHo I'lpOBe,D,éHHbIX OonbITOB C UMaro, 3apa)KéHHbIMI/I HenocpeacTBeHHO nepen Havdarnom 3KCcnepumMeHTa n nepesnmoBaB-
LIMMM, MHMLMPOBAHHBIMU OCEHbIO NpeablayLlero roga. o ocam abcumce — NoOAKOPMKU, MO OCAM opauHaT — Jons 6rox ¢ KoHrmoMepaTamm
YyMHOro Mukpoba 3a NoAKOPMKY, %.

Fig. 1. Seasonal features of the formation of conglomerates of the plague microbe in young fleas C. tesquorum altaicus
breeding this year and overwintered in a state of torpor.
a — autumn, breeding fleas and infestations of the current year; b — spring, overwintered adults in the spring of next year; ¢ — spring, the

results of parallel experiments with adults infected immediately before the start of the experiment, and overwintered, infected in the fall of the
previous year. Abscissas — bloodfeedings, ordinates — proportion of fleas with plague microbe conglomerates per bloodfeeding, %.
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Puc. 2. Pa3annymsa B HakonneHun n coxpaHeHun YymHoOro Mmkpoba B opraHuame camok u camuoB C. tesquorum altaicus.

a — «brnokoobpasoBaHME» ¥ CAMOK U CaMLIOB B utone—aBrycTe; 6 — dpopmmpoBaHue 6aktepuarnbHbIX MblIGOK Y CaMOK U CaMLIOB B Utorie—aB-
rycTte; 8 — HaKoMNeHne B opraHn3me camok 1 caMuoB BakTepuanbHbIX rMblGOK OCEHbIO U COXpaHEHWE UX A0 BECHbI U NeTa criedyoLero roaa.
a, 6: no ocsim abcuucc — HoMepa onbITOB, MO OCSM opAMHaT — Aons 6nox ¢ Grnokamu unu rmeibkamu, %; 6: No ocy opguHaT — Aons 6nox
C KOHrnomepartamu (bnokamm u rmeibkamun) 3a NOAKOPMKY, %.

Fig. 2. Differences in the accumulation and preservation of the plague microbe in the body of females and males
of C. tesquorum altaicus.

a — block formation in females and males in July—August; b — the formation of bacterial "lumps" in females and males in July—August;
¢ — the accumulation of bacterial "lumps" in the body of females and males in the autumn and their preservation until the spring and summer

of the next year. a, b: abscissas — numbers of experiments, ordinates — proportion of fleas with blocks or bacterial lumps per experiment, %;
c: ordinate — the proportion of fleas with conglomerates (blocks and bacterial lumps) for bloodfeeding, %.



KYPHAJ1 MUKPOBMOJTOTUW, SMTMAEMUONOTNU U UMMYHOBUOJOTMIA. 2023;100(2) 245

DOI: https://doi.org/10.36233/0372-9311-198

OB30PbI

nepuoa He oOHapykeHo (puc. 2, 6). [lepBbIx camok
«TIBIOKaMuU» Y. pestis perucTpupoBaiii B T€ Ke CPOKH,
YTO U CaMLOB.

OKcHepUMeHTalIbHbIE JaHHBIC [OKa3alld, 4TO
CaMKH JIy4Ille MePeXUBAIOT HeOIaroNpUsITHBIH MEPUOA
roga. M3 Bcex 3apaxE€HHBIX OCEHbIO MMAaro 10 BECHBI
CJeIyIonIero roaa Bekmio 69,4% camok u 46,9% cam-
oB (t = 3,5; p < 0,001) [24]. Takxke BBISBICHBI 10O~
BbI€ pasznuuusl y OJ0X B HAKOIUICHHH TIIBIOOK Y. pestis
OCEHBIO M COXPAaHEHUH UX JI0 BECHBI U JIETa CIIeAyIoLIe-
ro rozaa (puc. 2, 6). Tak, n3 HHPULIHUPOBAHHBIX OCEHBIO
MUMaro nepes 3akiagkol Ha 3UMHEee XpaHeHHE OTMETHU-
m 67,9% camok u 48,1% camiioB ¢ TbIOKaMu Bo30y-
mutens (t=3,08; p <0,01). K BecHe cnenyroiiero roja
arperatsl Y. pestis cogepxanu 50,0% camox u 23,7%
camuoB (t = 2,89; p < 0,01). OTu pe3ynsraTsl CBUAC-
TEJNBCTBYIOT O TOM, YTO BO3OYAHUTENb YyMbl IEPEKUBACT
HEeONMaronpusITHEINA MEPUOJ B arperHpOBaHHOM COCTO-
SITHUU B OCHOBHOM B camkax C. tesquorum. Y4UTbIBas
JYYIIYIO0 BBDKUBAEMOCTh CAMOK IO CPaBHEHHIO C CaM-
LAMH, CIIEAyeT MPU3HATh UX OoJiee 3HAYUTEIbHYIO POJIb
B COXpaHeHuU Y. pestis B IEPUO 3UMHEN AUAIAY3bl.

Takum  00pazoM, 3KCIEPUMEHTAIBHO  MOJ-
TBEPIKACHA CIIOCOOHOCTh YYMHOTO MUKPOOa K TIEPEkKH-
BaHHIO 3MMHETO0 Mepruoaa B 6J10XaX, HAXOAALIUXCS B CO-
CTOSIHUM OLIETICHEHHs1 0€3 KOHTaKTa ¢ IPOKOPMHTEIIEM.
Bornee monoBUHBI MMaro COXpaHsUIM BO30YAMUTEINS 4y-
Mmbl B Teuerue 10—11 mec, a okomo 30% — 13—15 mec.
B opranusMe HEKOTOPBIX CAMOK YyMHOH MHKPOO CO-
Xpassuics 10 22 Mec, mocie 4ero 0noxu nHuIupoa-
JIY 3/10POBBIX CYCJIMKOB IIPH KPOBOCOCAHUU [24].

BnuaHue Temnepartypbl
Ha arperupoBaHHOCTbD Y. pestis

TemnepaTypHble 3HaYEHUS B MPOBEAEHHBIX HAMU
omnbITax ObUTM MPUOIKEHBI K HAOMIOOaeMbIM B MpPU-
poxre B TIIO: ot 5-6°C B ceHTa0pe—okTsiOpe (Momenb
MEPUOAMYECKH MOCEIIAEMOT0 B 3TOT MEPUOA JIETHETO
raHesna), ao 22-25°C B Mae—uioHe (MOJAEIH BBIBOAKO-
BOTO THE3/1a, B KOTOPOM CO3/Ial0TCSl ONTUMAJIbHBIE yC-
JIOBUS JUIsl IpeUMaruHaibHbIX ctaguil C. tesquorum).
Pexxum moakopMok i ynoOcTBa cpaBHeHHs YHHDU-
nupoBanu — uepe3 1-2 cyT.

[MonydeHHble AaHHBIE TOKA3ald, YTO CPEOH 3a-
paxE€HHBIX OceHblo 150 Onox, comepaBIIUXCS MpPU
5-6°C, Ha IPOTSHKEHUH BCEX MOAKOPMOK OOJIBIITMHCTBO
COCTaBISUIM 0COOM C TIIBIOKAaMH, JOJS KOTOPBIX TO-
CTyNaTeNbHO yBEJIMYMBAJIach 10 MAaKCHMyMa K KOHILY
ombita (4 okTI0ps). Apyrue Bu3yanusupyemble pazHo-
BUIHOCTH arperaroB — IOJIHbIE U YaCTHYHBIE OJIOKU
BCTPEYAIHCH IT0 CPABHEHHUIO C HUIMH B HUYTOKHO MaJIOM
konuyectse: y 0,3% umaro B cpefHEM 3a TTOJKOPMKY.

3HauUUTENbHO pa3Nuyanach JUHAMHUKA (HOPMHUPO-
BaHMsI YyMHBIM MHUKPOOOM IILIOOK U OJIOKOB B Opra-
am3me C. tesquorum nipu Temmneparype 5—25°C (puc. 3,
a, 0). Tax, npu 5-6°C nepBble CAMKH C «IIIBIOKaMI» OT-
MeueHBI TOJbKO Ha 8—10-e cyTKH, a ¢ «0IoKaMu» — Ha

18-e cytku. Y camioB (opMHpOBaHHE IIBIOOK U 0J0-
KOB Ha4aJIoOCh OIHOBpeMeHHO ¢ 13-x cyTok. O0pa3oBa-
HHUE TeX W APYTHX arperupoBaHHBIX (GopM mpomoka-
JIOCh Y 00OMX TI0JIOB JIO KOHI[A OMbITa — IO 32-€ CYTKHU.
[Tpu 8—10°C nmepBbie IBIOKH Y. pestis perucTpupoBaiu
KaK y CaMOK, TaK M y CaMIOB Ha4MHAas C 8-X CyTOK, U
TaKke 10 KoHIa omnbiTa (35-e cytkn). [lepuon «610ko0-
00pa3oBaHus» MPOJIOIDKAJICS y caMoK ¢ 16-x mo 31-¢
CYTKH, y caMIloB — ¢ 8-x 1o 34-e cytku. [Ipu 16-18°C
(dopMHpOBaHHE arperaroB BO3OYyAHMTENs — KakK IJIbl-
00k, Tak u OokoB — y C. tesquorum (6e3 yuéra nosa)
HaOIIoAIH ¢ 3-X CYTOK JI0 KOHIIA OmbITa (26-¢ CYyTKH).
JanpHeitee moBeIIIEHUE Temmeparypsl go 22-25°C
CYLIECTBEHHO HE IMOBIMIO HA CPOKH (POPMHUPOBAHUS
IbI00K MUKpoOa. VX oTmewanu HaumHas ¢ 3-X CyTOK
u 10 koHua ombita (30-e cyTku) y ocobeit oboux mo-
noB. [Ipu sTOM mepuoa ot 3apaxeHus 610X [0 Hayana
(hopMupoBaHus OJOKOB YBEIMUYWICS 10 CPABHECHUIO C
MOKa3aTeIsIMH, MOJTYYCHHBIMH TPH COAEPKaHUM OJII0X
B TemmeparypHbelx rpanuuax 16—18°C. Tak, nepsble
OJIOKM OTMEYEHBI y CaMOK Ha 12-e CyTKH, Y CaMIIOB —
Ha 7-e, a mocnenHue — Ha 24-e u 16-e cyTKu cooT-
BeTCTBEHHO (puc. 3, a). Ilo cpaBHEHHUIO C ONBITOM NPHU
16—18°C, cokparuiicsi u nepuon «0I0kooOpa3oBaHHsD»
(oT Hauana A0 KOHIA BBISIBICHUS «OJIOKHMPOBAaHHBIX)
ocobOeit) Ha 811 cyr. HauGonbiee uncio «OJIoKupo-
BaHHBIX» 050X (puc. 3, 6) OTMeJanu B JUana3oHe TeM-
neparyp ot 8—10 go 16-18°C.

Temneparypa siBisieTCsl ONHUM W3 MOLIHBIX (ak-
TOPOB, BO3/ICHCTBYIOIINX HA B3aMMOOTHOILIEHHS Y. pes-
tis u 6nox. C MOBBIIIEHUEM TEMIIEpaTypbl OKPYKalo-
nield cpeapl akTUBHOCTh UMAaro M, B YaCTHOCTH, 4acToO-
Ta KpoBococaHus Bo3pactaer [25]. B aToil cBsa3u npu
MUTAHUHM OJIOXM MOTYT BHOCHTH OOJIblliee KOJTHYECTBO
Oaktepuii. OfHAKO Takas 3aBUCHMOCTH HaOmomaeTcs
TOJIBKO JI0 OIpenenéHHOW Temmeparypel. B ombiTax
Pa3HBIX HUCCIIENOBATENEH 3apEerUCTPUPOBAHHBIA IIPO-
HueHT ocobeil X. cheopis ¢ 6mokoM npu 4°C He TIpeBbI-
man 1%, nocturan makcumyma npu 13-20°C [26], npu
Oosiee BhICOKUX 3HaueHUsIX (27°C U BBILIC) CHIKAICS,
a mpu 30°C takux ocoOeil BoOOIE HE BBIABISLIN [6].
VY C. tesquorum, 3apaX€HHBIX BBICOKOBUPYJIEHTHBIM
mraMMoM U3 Bosro-Ypanbckoro Mexaypeubs U MOA-
KapMJIMBA€MbIX Ha MaJIOM CYCJIHKE, Yyepe3 2 CYT IO
«OJIOKMPOBAaHHBIX» 0COOCH ObLIA BHIIIE, 3 MUHUMAIIb-
HBIE U CpeJHHE CPOKH 00pa3oBaHMs OJIOKOB — KOPO-
4e npu Temneparype onsita 16—18°C no cpaBHeHHIO C
conepxkapimmucs npu 8—10°C [27]. DKcepuMEHTHI,
IIPOBEEHHBIE C TOH K€ NEPUOAUYHOCTBIO MOIAKOPMOK
npu TpéX TemmeparypHbIx pexxumax: 4, 13 u 20°C, —
MOKa3aJIi HanOOoJIbIIee KOJTMYECTBO «OJIOKMPOBAHHBIX)
onox cpemu C. tesquorum, 3apaXEHHBIX «IHKHM)
mramMMmoM u3 LlentpansHoro Kaskasza, npu 13°C, npu
4°C Takux ocobeil Obulo MeHble B 1,5 pasa, a mpu
20°C — B 3,5 pa3a. B xauecTBe NpOKOPMUTENEH B 3TUX
ombITax OBUTM MCIOJB30BaHBl MOPCKUE CBHUHKH M Oe-
nele MbIU [26]. IIpoBenénHble paHee UCCleAOBaHUS
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Puc. 3. ®opmumpoBaHue KOHromMepaToB YyMHOro Mukpoba y C. tesquorum altaicus npu pasnuyHbIX YCIOBUSIX COAEPXKaHWS.

a — Havano chopmumpoBaHusa rMeIGoK Npu pas3Hon TemnepaType; 6 — YacTtoTa (POPMUPOBAHWSA KOHIMOMEPaToB MNpK pa3HON TemnepaType;
8 — Havano opmMmpoBaHnsa GakTepranbHbIX MMbIOOK B 3@BUCUMOCTY OT MEPUOAA MEXAY 3apaXxatoLm KopmneHnem 6nox
1 NepUoANYECKUMIN NoaKopPMKaMu (cepble CTONBUKN — 3-U CYTKW, YepHble CTONOWKN — 16-e CyTKu).
Mo ocam opauHaT — gons 6rox ¢ KoHrnomepaTamu YyMHOro Mukpoba, %.

Fig. 3. Formation of conglomerates of the plague microbe in C. tesquorum altaicus under various conditions of keeping.

a — the beginning of the formation of lumps at different temperatures; b — the frequency of formation of conglomerates at different
temperatures; ¢ — the beginning of the formation of bacterial lumps depending on the period between the infectious feeding of fleas and
periodic feedings (grey columns — 3 day, black columns — 16™ day).

Ordinates — the proportion of fleas with plague microbe conglomerates per bloodfeeding, %.



KYPHAJ1 MUKPOBMOJTOTUW, SMTMAEMUONOTNU U UMMYHOBUOJOTMIA. 2023;100(2)

DOI: https://doi.org/10.36233/0372-9311-198

247

OB30PbI

c C. tesquorum wu3 TIIO nokasanu, 4yto oOpa3zoBaHUE
0710Ka y OJI0X Yallle perucTpupoBaiy Py TeMIeparype
conepsxxanus 10°C, yem npu 20°C [28].

B Hammx omeiTax OTMEUEHO BIUSHHUE TEMIIEPaTy-
pBI conepKaHusi OJI0X Kak Ha Tpolecc «O1oKkoo0pa3o-
BaHUs», TaK U Ha 3PPEKTUBHOCTh TPAHCMHUCCHH BO3-
Oynutens. Tak, numaro, cogepkamuecs: npu 22-25°C,
nepeaanu Bo3Oyaurens 6 cyciukam u3 19 (y 2 3Bepsb-
KOB BBISIBIICHA T€HEpalu30BaHHas Gopma MHOEKINH).
brnoxu, HaxomuBiIMecs MeEXIYy TMOAKOPMKAMH TpU
16-18°C, unduuuposanu 5 (50%) cycnuko u3 10, a
ipu 8—10°C — 4 (52%) u3 13, npu 3TOM y BCex 3a00-
JICBILIUX 3BEPHKOB U B TOM U JIPYT'OM OITBITaX OTMEYCHA
reHepanuzauus HHPEKIHMOHHOTO mpouecca [29].

Takum o06pa3oM, ONTUMAIBLHOM I THpoIEecca
«bnokooOpazopanus» y C. tesquorum v 3¢ (HEeKTUBHOM
nepenaun Y. pestis apngercs Ttemmeparypa ot 8—10°C
10 16-18°C; 6omee HU3KHE WM BBICOKHE €€ 3HAYCHHUS
MPUBOIAT K CHIDKCHUIO aKTUBHOCTH OJIOXM Kak Iie-
peHocunka. Tak, MUHMMaNbHBIE CPOKH OOpa3oBaHMUs
[JIBIOOK C POCTOM TEMITEPATYPhl COKPAIIATUCH OT 8§ CyT
pu 5—-10°C o 3 cyt mpu 16-25°C [29]. I3BecTHO, 4TO
ONTUMYM TEMIIEPaTyphl P MCKYCCTBEHHOM KYIIBTHU-
BupoBaHuu Y. pestis — 28°C. MoxHO cienarh BBIBOJI,
YTO KOJIMYECTBO OJI0X C OMOIUIEHKAMH ONpEACIsAeTCS
ONTUMYMOM TEMIIepaTypsl AJsl 010X, a IepHoa pocTa
OMOMNEHKH 10 €€ BUAUMOTO (BU3yalbHO PETUCTPHPY-
€MOr'0) COCTOSIHMSI HMEET TEHIEHIMIO K COKPAIICHHUIO
[pU MPUOIIKEHNN K OITUMYMY TEMIIepaTyphl 1j1st Oak-
Tepuu. XOTs YCIOBHS BHYTPU KaXKIOT0 MaKpOOPTaHU3-
Ma XapaKTepU3yIOTCS WHIWBUAYaJIbHOCTBIO, B IIEJIOM
MOYXHO TPEIONIOKUTh, YTO TEMIIEPATYPHBIH ONTUMYM
IUIs1 BO3OYAUTEIISI YyMBI B OJI0Xe MMeeT Ooliee MIMPOKUe
HIpENEIIbl, Y€M B UCKYCCTBEHHOU Cpelie.

BnuaHne nepnoagnvHoOCTN KpoBococaHnA

650X Ha arpernpoBaHHOCTD Y. pestis

YCTaHOBJICHO BIMSHHUE DPEXHMa MUTaHUS OJIOX
C. tesquorum Ha arperupOBaHHOCTE Y. pestis B UX Op-
ranusme [23]. Mmaro mocne 3apakeHusi BO3OyAUTEIeM
YyMbl OCEHBIO Pa3JeNuiii Ha ABe rpynmnbl. HacekoMbix
1-# rpynmst (150 ocobelt) mepuoAnYEecKH MOIKAPMIIU-
BaJIM Ha CYCIIMKax, MEXAY MOJKOPMKaMH COIEpKalu
npu 5—-6°C: Takue yclnoBuUsl B OCEHHHH MepHoj] OObIYHBI
IUISL PEIKO TIOCEHIaeMOro CYCIMKOM JIETHErO THE3/A.
Bropyrto rpymniy 610x (6onee 600 ocobeit) comepikanu
C IPOKOPMHUTEIIEM ITOCTOSIHHO, YTO HIMUTHPOBAJIO HMeE-
IOLIYI0 MECTO CHTYaIHIO, KOT/Ia MOJIOJbIE CyCIIHKH IIbI-
TalTCs 3UMOBaTh B JIETHUX THE3nax. B 1-if rpynne Ha
20-e cyTku OT 3apaxkeHus (mocie 18 moakopmok) y 64
(66,0%) u3 97 ocTaBIIUXCS B )KHUBBIX UMAro OTMEUYCHBI
IbI0KH MUKpOOa. [lonst «OIOKUpOBaHHBIX» 0cO0ei OT
B3ATHIX B OmBIT cocTtaBmwia 6,0%. Bo 2-ii rpynme oco-
0u ¢ mibiokamu coctaBmwiy 2,7% ot 300 mpocMoTpeH-
HBIX 0JI0X, 4TO TOCTOBepHO Hike (t = 12,9; p < 0,001),
4yem B 1-1 rpymme, ocodu ¢ 6mokamu — 1,7% [23]. [o
pe3ysibTaTaM OCEHHETO OIbITa, YCJIOBHSI MOCTOSIHHOTO

COZIEPKaHMS IKTOMAPA3UTOB C MPOKOPMHUTENIEM He Ona-
TONPHITCTBOBAJIM arperanuu Y. pestis, 4TO yKa3bIBaeT
Ha HEOOXOIUMOCTb XOTS OBl MEPUOJUYECKOTO OTCYT-
CTBHs 3BEPBKA ISl YCIIEUIHOW CE30HHOU IIEPECTPONKHU
MHUKpo0Oa B opranusmMe OJIOXH.

Ha cnenytomem stane npoaHaan3upoBaHbl J1aH-
HBIC OMBITa C IBYMS TPYNIaMU «MOJIOABIX» OJOX B
JneTHU# (uronp—aBryct) nepuoj (puc. 3, g). DKTO-
napasuToB 0OEMX TpPyNN 3apa3uid OJHOBPEMEHHO
22 wurois1, UCXO0/IHAs 3apakE€HHOCTH cocTasinsana 100%.
[MogxopMKH OJHOW rpynmbl 00X Ha4adu HA 3-H CYT-
KM TIOCJIE 3apakalollero KOpMJICHHS, BTOPOH — Ha
16-e cytku. B mepBoii rpynmne ocodu ¢ rablOkaMu HA
IIpU [IEPBOU, HU ITPU BTOPOX IIOJKOPMKE HE BBISIBIICHBI.
VY 650X, KOTOpBIX Hadald KOPMHUTH Ha l6-¢ CyTKw,
J0J1s1 0co0ei ¢ TIBIOKaMU MPU MEPBOU Ke TOAKOPMKE
cocrasuna 9,3% cpenu camox (t = 3,32; p <0,001) u
14,8% cpeau camuos (t = 3,75; p <0,001). Bcero (6e3
yuéra mona) Omoxu ¢ rmisiOkamu coctaBuin 11,6%
(t=4,99; p <0,001). [IpencraBnger HHTEPEC, YTO MPH
JANbHEUIINX DPErYISAPHBIX MOAKOPMKAX MEXIPYIIO-
BbIC pa3iMuusl HUBEIUPOBAIHUCH: CPEIHSS A0 00X
C MIBIOKaMHU B TPYIIAaxX CYLIECTBEHHO HE pasiuya-
Jack: B nepBoit rpynne — 15,9 + 4,87, Bo BTOpOil —
15,2 +4,25%.

BriepBrle mokaszaHo, 4To, HECMOTPSL Ha yBelu4e-
HUE KOJIIMYECTBA UMaro ¢ OMOIuI€HKamu mocie 16-cy-
TOYHOH TOJIOZOBKH CpeId MOJOABIX 0CO0€H, 3TOro
0Ka3aJoch HEAOCTaTOYHO, YTOOBI MPUOIU3UTHCS K TO-
KazaTeJsiM y mepe3uMoBaBImmx Onox. Cpenu mocnen-
HUX JI0JIs1 oco0ell ¢ mibIOKamMK 3a 3 TepBbIe MOIKOPM-
ki OblTa moctoBepHO Bbime (aist camok F = 292.41;
p <0,001; ansa camuos F = 93,72; p < 0,001), yem y
MOJIOZIBIX HMAro.

B ecrectBennnix ycnoBusx C. tesquorum Ha-
MaJaroT Ha CYCIMKOB 10 3 pa3 B CyTkH [16], u y HuUX
4acTo HaOIIONAIOTCS «IIPOTOH» U BBIJEIICHHUE Helepe-
BapEHHOU aJIO KPOBH. YBEIMUECHUE UHTEPBAIIA MEKIY
MOAKOPMKAaMHU JJISl YaCTO MUTAIOIIMXCS B HOpME OJI0X
Ctenocephalides felis or 2 4 (IpakTUYECKH TOCTOSH-
HBIH OCTYT K IPOKOPMUTEINIO) 10 2—3 CyT NPUBOIMIIO
K TIOBBIIICHUIO JIOJU «OJIOKUPOBaHHBIX» 00X ¢ 0 110
15,2% [30]. IloBblmenue 4acToThl «0JI0KOOOpa30Ba-
HUS» Y. pestis Ipu HENOCTATKE MUTATENbHBIX BEILIECCTB
CBSI3BIBAIOT C YCHJICHUEM TPAHCKPUIILMU B OJ0OXe Te-
Ha ompF, IPOAYKT KOTOPOTO — OEJIOK-TIOPUH MOXKET
obecrneunBarb, C ONHON CTOPOHBI, IPUTOK B OaKTepu-
ANBbHYIO0 KIIETKY AOTOJHUTEIBHOTO MUTAHUs, a C ApY-
TO — 3KCHOPT MOJIEKYJI-KOMIIOHEHTOB BHEKJICTOUHOTO
Mmarpukca Ouorénku [31]. B To ke BpeMms B rpymnmax
C. tesquorum, conepxanuuxcs npu 13°C u pasHbIX
pexxuMax kopmieHus — yepe3 2-3 u 15-20 cyT, xo-
JIMYECTBO «OMIOKMPOBAHHBIX» OJIOX MPAaKTUYECKH He
pasznuyanoch, coctaBuB 14 u 12% COOTBETCTBEHHO.
[epBbie O10ku ObLIM OTMEUYCHBI HA 18-¢ CyTKH y OJIOX,
MOJKapMJIMBAaeMbIX uepe3 2—3 cyT, u Ha 30-e CyTKu npu
nojgkopMkax uepes 15-20 cyt [26], HO Ha cpok 0OHapy-
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JKCHHUSI BO BTOPOM CJIy4ae, OY€BUIHO, TIOBIHUSIT PEXKUM
MOJAKOPMOK. Hackonbko OH COOTBETCTBOBAJ peajib-
HOMY CpPOKY OOpa3oBaHUs 3aKyHOPKH MpemKenynKa,
HEU3BECTHO. B Hammx ombITax IBYXHENEIbHOE IOJIO-
nanue C. tesquorum TOCIE 3apaXeHUs TaKXkKe He IpHU-
BEJIO K MOBBILICHUIO JIONH «OIOKUPOBAHHBIX» OCOOEH,
M0 CPAaBHEHUIO C MEPUOIUUYECKH MMOJKAPMINBAEMbBIMHU,
Kak cpeau camok — 3,7% mpotus 5,4%, Tak u cpeau
camioB — 24,7% npotus 13,9% (t = 1,85; p > 0,05).
OnHako HEOOXOAMMO MOTYEPKHYTh, YTO COOTHOIICHHUE
pasnuusbix GopMm OnomiIéHkH (IIIBIOOK U OJIOKOB) 3a-
BUCHT OT Buaa 6mox. Y C. tesquorum TiepBble Bceraa
oOHapy>XuBajM Yaiile, 4eM Bropbie [8], U Ha ¢oHe OT-
CYTCTBHS AOCTyHa OJ0X K MPOKOPMHTEINIO TOCie 3a-
paKeHHS UMEIO0 MECTO HAKOIUIEHHEe HMMEHHO 0cobel ¢
mbIOKaMu. B mpuBeAEHHBIX SKCIEPUMEHTAX 4YacToTa
NUTaHus 070X peryaupoBanachk MCKyCCTBEHHO. B To
JKE BpeMsi, 10 HaOIoieHusM, nposeneHHbM B TI1O,
6noxu C. tesquorum OCEHBIO MEPECTAIOT UHTCHCHUBHO
MUTAThCS, UX YUCICHHOCTh B IIEPCTH 3BEPHKOB Iaja-
€T, a B THe3/aX JUIMHHOXBOCTOIO CYCJIMKa BO3PacTaeT
[16]. Bo3MoXXHO, €CTECTBEHHOE CHHMIKEHHE YacCTOTHI
NUTAHUS SIBISAETCS JONOJTHUTEIBHBIM CTHMYJIOM JIJISI
(dbopMupoBaHHUs arperatoB 4YyMHOTO MHKPOOa.

Mopdonorua 6akrepun Y. pestis
B rnbi6Kax n 6nokax

B.J. Hinnebusch u coaBr. Habmiomanu 3aBHCH-
MOCTb MOP(]OJIOTHH KIETOK B MHKPOKOJIOHHSIX, OOHAa-
pY’XHMBaeMbIX B cpenHell kuuike 010X X. cheopis, oT
TeMIeparypsl: oT najgoukoBuaHoi npu 20°C 10 KOk-
kounnou mpu 30°C [6]. ¥V C. tesquorum mocine mepe-
3MMOBKH B Pa3HBIX arperauusix (OJOKHU, IIIBIOKH) BbI-
ABJICHO paznuuue Mopdoiorundeckux Qopm Y. pestis.
B mipiOkax mpocnexuBaeTcss MOIUMOP(HU3M  KIIETOK
YYMHOTO MUKP00a, OTMEUEHBI MaJIOYKOBUIHBIE, TAaHTe-
JieBUIHBIE U mapoBuaHble GopMbl. B O10kax oTmeue-
HBI TOJIBKO IIapoBUHBIE 04eHb Menkue (0,2—0,5 MKm),
OneqHO OKpalleHHbIE OpMbI OaKTEpHid, KOTOPHIE, MO
JAHHBIM 3JIEKTPOHHO-MHKPOCKOIIMYECKOTO aHaNn3a,
OTJIMYAJINCh, KPOME TOTO, CBOCOOPa3HOM yIbTpacTpyK-
TYpOH, BKIIIOYAIOIIEH JOMOIHUTENbHBIE MeMOpaHHbIE
oOpaszoBanus [23]. Bo3MoxxHO, oTiMyaromiascs Mop-
¢onorust MUKpOOHBIX KJIETOK B IIbIOKaxX u Onokax 00-
yCIIOBJIEHA Pa0OTOH pa3NUYHbBIX TEHOB Yepe3 Koaupye-
Mble uMH pepmeHTHl. Ha To, uTo 0Opa3oBanue mibi00K
u o0pa3oBaHue OJIOKOB — 3TO J[Ba pa3HbIX Ipollecca,
YKa3bIBAIOT PE3YJbTaThl OLCHKH BIMSHUS pa3HbIX (ak-
TOpOB Ha (OpMHpPOBaHME OWOILIEHKU: MEPBOE pEry-
JHUPYETCA yCIOBUSIMH SKCIIEPHUMEHTa (TeMIlepaTypox,
CE30HOM, PEKHUMOM ITOIKOPMOK), BTOPOE — MpPEUMY-
niecTBEHHO mojioM 670X [32]. M3BecTHO Takxke, 4ToO
KOHTPOJIb 00pa3oBaHUs OMOIUIEHKUA OCYIICCTBISCTCS
IOBYMsI IuTyaHunatumiazaMu. OnHa U3 HUX KOHTPOJIH-
pyercs TokycoM AmsD u OoTBedaeT 3a OOJIBIIYIO YacTh
6sokoB (110 90%) in vivo, OTCYTCTBHE BTOPOM, IPOITYK-
ta hmsT, NPUBOIAUT K HAPYILICHHUIO CUHTE3a OUOTUIEHKU
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in vitro. E€ uzonupoBaHHasi CioCOOHOCTh B (hOPMHUPO-
BaHUU OJIOKa y OJIOX He3HAYMTEIbHA, HO ONIPEIeIIEHHAS
ycunuBatomiast poib oueBuaHa [33]. [locneqnumu uc-
CIICZIOBAaHUSIMH TOATBEPIKACHO, YTO BKJIAA 3TUX (ep-
MEHTOB B «OJIOKOOOpa30oBaHUE» y IITAMMOB, OTHOCS-
LIMXCS K pa3HbIM OMoBapaM, uaeHtuyeH [34, 35].

3aKknioyeHuve

Takum 00pa3oM, MOXKHO 3aKIIOYUTh, YTO POPMHU-
poBaHUe MIBIOOK Y. pestis ABISETCS HE TOJIBKO Havallb-
HOH cramuell «0nokooOpa3oBaHUs», HO U CAMOCTOS-
TEJIBHBIM SIBJICHHEM [8, 32], oTpakaromuM aIanTaluio
MHUKpOo0Oa K MEHSIIOIMCSI yCIIOBUSIM OOUTaHHS B Opra-
HHU3ME MEpEeHOCcUYrKa. Bo-nepBbIX, JaHHBIN BBIBOJ MOA-
TBEPXKIACTCS aHATU30M IKCIICPUMEHTANBHBIX TaHHBIX,
CBHUJIETEIBCTBYIOIIHMX O TOM, YTO BCE U3MEHEHUSs (puzu-
OJIOTMYECKOTO COCTOSHUS 070X (IOATOTOBKA K 3UMHEH
Juanayse, JUIMTeNbHOE TOJIOAaHUe, W3MEHEHUE TeM-
MepaTypsl CONEPXKaHUS U peXMMa MOAKOPMOK) CHO-
COOCTBYIOT arperupoBaHHOCTH YYMHOTO MHUKpOOa U B
9TOH CBS3M MPUBOJAT K MOBBIICHHUIO JTOJIH HACEKOMBIX
¢ OaKTepHaIbHBIMH TIIBIOKAMH.

Bo-BTOpBIX, BO30yAUTENL YyMbl B arperupoBaH-
HOM COCTOSIHHM MOXKET COXPaHATHCS B OpraHu3Me olie-
MEHEBIINX OJIOX, B OCHOBHOM CaMOK, HE TOJILKO A0 Clie-
IOYIOLIETO 3MU300THYECKOr0 Ce30Ha, HO U Oonee -
TeIbHBIM nepuoA. MMerTces naHHbIE O NEPEKUBAHUU
3apak€HHbIMU camMKamu C. tesquorum JABYX 3UMHHX
nepuoaos [24]. Bunumo, agantanus MUKpoOa K coxpa-
HEHHIO B caMKax Onox oOycioBieHa OoJbllei ycTou-
YUBOCTBIO ATOTO IMOJIa K HEOMArompHUATHBIM yCIOBUSAM
OKpYXalolleH cpeabl U NPOAOJIKUTEILHOCTBIO UX HMH-
JUBHyaIbHON >ku3HU. IIponeccsl pacrnpocTpaHeHus
(TpaHCMHCCHBHOM Tiepe/aun) W COXpaHeHHs (mepcu-
CTeHUH) Y. pestis 610XaMH OTNPENENAIOTCS TOIOM Ha-
CEKOMBIX: MEPBBINA JyYIlle OCYIIECTBISIETCS CaMIaMHu,
BTOPOM — caMKaMmu. B nepuoj akTuBHA3aluu 31U300T-
MYECKOTO MPoIecca B oyare «010k000pa3oBaHUe» MPo-
UCXOAUT Oojiee MHTEHCHBHO, Y€M BECHOW M OCEHBIO.
B 10 xe BpeMs 3KCIIEpUMEHTAIbHO JI0Ka3aHo, YTO AJIS
coXpaHeHUs Y. pestis B 3UMHUI NIEPUOJ] BAXKHO, YTOOBI
pasMHOXKeHue U arperauus mukpoda y C. tesquorum
OCCHBIO HE 3aKaHYMBAJIMCh MACCOBBIM (POPMUPOBAHU-
eM OJIOKOB, a MPUBOIMIIO K HAKOILICHUIO OaKTepuasb-
HBIX TJIBIOOK.

B-Tpetbux, pasnuume Mopdonoruu Y. pestis B
IBIOKaX M OJIOKax MOXKeT OOYyCIIOBIUBATH M pa3HbIE
(yHKIMOHABHBIE 0COOCHHOCTU BO3OYIHUTENS B ATHUX
¢dopmupoBanusx. «bnokupoBanusie» C. tesquorum
HUMEIOT OoJiee CYIIeCTBEHHOE 3HAa4eHHE JJsl pacmpo-
CTpaHeHusi Y. pestis, T.K. UX YKyCBHl Yalle BBI3BIBAIOT
reHepaIn30BaHHy0 GopMy HH(EKLINH Yy 3BEpBKOB, YTO
MPUBOOUT K JAajbHEHINEH TPaHCMHCCHUH BO30YIWTENs
[11]. ChopmupoBaBuIrecs IIBIOKH SIBISIOTCS OCHOB-
HoM (hOpMOIl B COXpaHEHHH YYMHOTO MUKpo0a B opra-
HU3Me Onox [23], a 3HaYMT, B MOJACPKAHUN SH300THU
yyMsl Ha Teppuropuu TIIO.
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HEKPOJIOTA

NMamatn Hukonaa HukonaeBnya Hocnka
(7 anpena 1932 ropa - 19 mapTta 2023 roga)

19 mapra 2023 r. ymén U3 )KU3HU PyKOBOJUTEIH
oTAeNna penpoayKuuu BUpycoB HHcCTHTyTa BHpycCO-
moruu uM. J.M. UBanosckoro ®I'BY «HULIDM wum.
H.®. I'amanen» Mun3npasa Poccuu JokTop MeIULIMH-
CKUX Hayk, npodeccop Hukonait Hukonaesnd Hocuk.

H.H. Hocuk — u3BecTHBIN y4€HBIN B 0oOmacTu
BUpYycosioruu, aBTop Oonee 280 omyOIMKOBaHHBIX Ha-
yuHBIX pabot B Poccun u 3a pyOexoM, psiia NaTeHTOB
U MOHOTpaQuil.

Hayunsie nccnenosanus H.H. Hocuka nocssie-
HBI TPOQUIIAKTHKE U JICYCHUIO BUPYCHBIX HHQEKIHH.
[IpoBeacHHBIC UM UCCIIEAOBaHYS IO IPOOJIEME UHTEP-
(epOHOB M UX MHIYKTOPOB JIE[JIM B OCHOBY HOBOTO Ha-
MpaBJeHus B pa3paboTKe MPOTUBOBUPYCHBIX Mpemnapa-
TOB C LIMPOKUM CIIEKTPOM aKTUBHOCTU. B pesynbrare
9THX MCCIIEAOBAHUHN ObLIN CO31aHbl M BHEAPECHBI TAKUE
AKTUBHBIE NPOTUBOBUPYCHBIE IpPENaparhl, Kak pHJIO-
CTHH, TapuQaH, aMUKCHH U P/ APYTHX.

B nocnennue roget H.H. Hocuk pykoBoami uc-
CIIEIOBAaHUSIMH TIO Pa3paboTKe M H3YyYEHHIO JC3HH-
GUIMPYIOIIMX  BUPYIULMIHBIX CPEACTB, AKTHBHO
Y4acTBOBaJl B CO3aHUU COBPEMEHHOU HOpPMaTHBHOU
JOKYMEHTALIMH JJIsl OLICHKU BUPYJIULMIHON 3P PEeKTUB-
HOCTH OUOILUIOB.

H.H. Hocuk nocToitHO npeacTaBisiia OTEYECTBEH-
HYI0O MEIUIMHCKYIO BUPYCOJIOTHIO 33 pyOeskoM, pabo-
Tas B Hay4HbIX Jaboparopusix CILIA, @panuun u Ku-
Tas. B mepuon paboThl COBETHUKOM 110 BUPYCOJIOTHHU B

Pernonansaom Oropo BecemupHo#i opranusanuu 3apa-
Booxpanenus g FOro-Bocrounoit Asun H.H. Hocuxk
co3JaJl BUPYCOJIOTHYECKYIO Jaboparopuio B Harwmo-
HaJILHOM MHCTHUTYTE WH(PEKIIMOHHBIX Ooje3nel B Jenu
(Muaus), KoOpJMHUPOBAI U MIPOBOIMIT STIUIEMHUOIIOT H-
YeCKHUe M BUPYCOJOTMUECKHE HCCIIEA0BAaHUS BO MHO-
rUX cTpaHax pernoHa — or Henana 1o MbsiHMBI.

Bce 67 net nayunoit xusaun H.H. Hocuka cBsza-
Hbl ¢ HCTUTYTOM BHPYCOJIOTMH, B KOTOPBIH OH IIpH-
mén acnupanToM B 1956 1. mociie OKOHYaHUS ¢ OTIINYH-
eM IlepBoro MoOCKOBCKOIO MEQUIIMHCKOIO UHCTUTYTa
M. U.M. Ceuenosa. ITocne 3amutet B 1960 1. nuccep-
Tallu Ha CTENEeHb KaHIUAATa MEIULMHCKUX HayK pa-
00Tan B JOJDKHOCTH MJIAJIIIETO0 HAYYHOTO COTPYAHHUKA,
3areM cTapiiero HayyHoro corpyaauka. C 1988 r. ss-
JISUICSL pYKOBOJUTENEM JIAOOPAaTOPUH OHTOTCHE3a BUPY-
COB U PYKOBOAMTEIIEM OTHENA PEIPOAYKLUY BUPYCOB,
YWIEHOM YU€HOro cosera HMHCTUTyTa BUPYCOJIOTHH
uMm. [I.N. NBanosckoro. Ilon pykoBoacteom H.H. Ho-
CHKa [TOATOTOBJICHO 7 KaHIUJATOB HayK.

H.H. Hocux HarpaxnéH menanbio «3a 3aciyru
Iepell OTEUECTBEHHBIM 3PaBOOXPAHEHUEM», 3HAKOM
«OTAMYHUK 37paBOOXpPAHEHUS», SABISICA MOYETHBIM
yireHoM HanmonansHoro corosa «Meauko-0uonoruye-
CKasl 3aIUTa».

H.H. Hocuk akTuBHO y4yacTBOBaj B OOILIECTBEH-
HOM KU3HU UHCTUTYTA, SIBIISACH B Pa3HbIE TOJbI peaK-
TOpOM CTeHTa3eThl, wieHoM Komauasl KBH, mpencena-
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TEJIEM HAy4YHO-IIPOU3BOACTBEHHON KoMHUCCUM Ipynibl
HApOJHOTO KOHTPOJS 1 Oonee 25 net nzdupaics npen-
cenaresneM Ipodcor3HOro KOMUTETa HHCTUTYTA, BCET-
Jla ¥ Be3/1e OTCTanBasi HHTEPECHI €TI0 COTPYAHUKOB.

MHOTOJIETHIOK HAay4YHYH) TBOPUYECKYHO JE€SATElb-
HocTh H.H. Hocuka Bcerga omMyany BbICOKasl IIPUH-
OUMHAATBHOCTE U TpeOOBAaTEIBbHOCTh K Ka4eCTBY IPO-
BOAMMBIX HCCICAOBaHUM, O 4YEM CBUACTECILCTBOBAJ
3aCJIy>KCHHBII aBTOPUTET B HAYYHOM MUPE U Y COTPYA-
HUKOB UHCTHUTYTA.

Bpiparomuiicas y4d€HbId, OMUIUIOMAT, aKTUBHBIN
rpaXJaHWH, SHEPTHMYHBIA OpPraHWU3aTop, OOLIUTENb-
HBIH, YyIBIOYMBBIA, C OrPOMHBIM YYBCTBOM IOMOpa,
03T, IPO3AaUK U XYIOXKHHK, 3aME4aTellbHbI ApYT U

OBITUARIES

OTEll — TaKHWM MbI 3alIOMHHUM 3TOIO 3aMEUyaTeIbHOrO
YyeJIoBeKa.
BoT HECKONBKO CTPOK, CKA3aHHBIX UM:
JlHu pooicoenus, kax aépcmul,
Cmosm Ha dHCU3HeHHOM nymil.
Kax donoe nymeo,
Jluww 3narom 36300,
U xax ¢ docmourncmeom npoumu.
Bcero neckonbko aguei He poxkua Huxonait Huko-
nmaeBud Hocuk 1o csoero 91-nerus.
CBoi1 >KU3HEHHBIH IMyTh OH MPOIIEN ¢ OOJIBIIUM
JIOCTOMHCTBOM.
[TamsaTh 06 3TOM BBIAAIOIIEMCS YEIIOBEKE COXpa-
HUTCS B CEPJILIaX BCEX, KTO ObLIT C HUM 3HAKOM.
Konneau, peoaxyuonnas xonneaus
u pedaxyusi «Kypnana muxpobuonoeuu,
INUOEMUOTO2UU U UMMYHOOUOIO2UU
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