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KOMBUHALIMA BAKTEPUO®AIOB N AHTUBUOTUKOB KAK HAUBOJEE 3®®EKTUBHbBIN
noaxon 60Pbbbl CO STAPHYLOCOCCUS AUREUS

H. K. A6aopaiimosa B, E. A. LLntvkos, P. B. lopogHuyes, M. A. KopHUEHKO

PenepanbHbIl HayHYHO-KIMHUHECK I LIEHTD (OU3NKO-XUMUYECKO MeauLvHbl uvern FO. M. JlonyxmHa PenepansHOro Meayko-O1onornieckoro areHTcTea, Mocksa,
Poccuns

Staphylococcus aureus — 6akTepuanbHbIi NaTtoreH, 06nafatoLLMin CMOCOBHOCTBIO K Pa3BUTUIO aHTUOVOTVKOPE3VCTEHTHOCTI U BbI3bIBAIOLLMIA PSAL, CEPLE3HBIX
MHeKLmin. MNpobnema Tepanun cTadUIoOKOKKOBBIX MHAEKLMIA CBS3aHa He TOMbKO C YCTOMYMBOCTBIO LUTAMMOB K aHTVbakTepuasibHbIM npernapatam, Ho 1 Co
CNOCOBHOCTHIO HakTepuii hopMMPOBaTb BLONNEHKN. Kak ansTepHaTBa KiiacCU4eCcKon aHTMOMOTVKOTepanuy paccMaTpuBaeTcs (harotepanis — VCrofib30BaHNe
BMPYNEHTHbIX BakTeprodaros. VccnenoBanuns, AEMOHCTPUPYIOLLME AencTBre GakTepnodaro NpoTuB S. aureus, BKOYAOT Kak OTAENbHOE MCMONb30BaHMe
aroB, Tak 1 MX KOMOUHALMIO C aHTUBMOTUKaMK. KOMOUHMPOBaHHbIA MOAXOA, NPEACTaBAseTCs Hanbonee NepPCrnekTUBHLIM, Tak Kak MO3BOSISIET 3HAYMTENBHO
MOBbICUTb 3PMEKTVBHOCTL TEpanuM 3a CHET CUHEPrUY4ecKoro AenCTBUS aHTUbmoTnka 1 dara. B gaHHOM 0630pe npenctasneHo obcyxxaeHve addekTos
COBMECTHOIO NMPUMEHEHIS ABYX areHTOB 1 METOLO0B 1X oLeHKM. OBO6LLEHbI pe3ynbTaThl MOCAeaHNX PaboT, MOCBALLEHHbIX KOMOVHMPOBAHHOMY NOAXOAY NPOTUB
S. aureus B UCCNefoBaHWSX in Vitro v in vivo, a Takke B 9KCMepUMeHTax no snMMmnHaummn 6uonneHkn. OTaensHoe BHUMaHNe YAENEHO KIMHUHYECKM CryYasim
NEYEHNs NMaLNEeHTOB.
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COMBINATION OF BACTERIOPHAGES AND ANTIBIOTICS AS THE MOST EFFECTIVE THERAPY

AGAINST STAPHYLOCOCCUS AUREUS

Abdraimova NK&, Shitikov EA, Gorodnichev RB, Kornienko MA

Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological Agency, Moscow, Russia
Staphylococcus aureus is a bacterial pathogen that is frequently associated with drug resistance and causes serious infectious diseases. The challenge in
treating staphylococcal infections arises not only from the strains resistance to antibacterial drugs but also from the bacteria's capacity to form biofilms. As an
alternative to traditional antibiotic therapy, phage therapy, employing virulent bacteriophages, is being explored. Research on bacteriophage's effectiveness against
S. aureus encompasses both individual use and their combination with antibiotics. The combined approach appears most promising, enhancing therapeutic
efficacy substantially through the synergistic action of both the antibiotic and the phage. This review discusses the effects of using both agents together and the
methodologies for their evaluation. It summarizes the latest in vitro and in vivo research on the combined approach against S. aureus, including experiments focused
on biofilm elimination. Special emphasis is placed on clinical case studies in treating patients.
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3onotTncTbi  cTauNoKoKK (Staphylococcus aureus) —
rPaMMoNOXUTENBHBIN MUKPOOPraHW3M, ABASIOLLNACS OOHUM
13 OCHOBHbIX MaTOreHOB Ye0BEKA Y BbI3bIBAIOLLMIA LLIMPOKMIA
CMEKTP KIMHUYECKNX NPOABAEHWN. DTOT BUA 6akTepuin —
OCHOBHad npu4mHa OakTepyemMun 1  UHPEKLUOHHOIO
aHAOKapamMTa, a TakXKe KOCTHO-CYCTaBHbIX WHMEKLUN,
MOPaXKEHNN KOXM U MATKNX TKaHeR, NaeBponybMOHaBHBIX
NHPEKUMA 1N MHPEKLMIN, CBA3AHHBIX C WCMONb30BaHNEM
MeOULMHCKNX  mn3gennin.  CTadunoKOKKOBble WHMEKLN
pacnpoCTpaHeHbl Kak CPeAM HaceneHnst, Tak 1 B CTaumoHapax,
a WX JIe4eHne OCTaeTCs CJIOKHOM 3afjadeil B CBA3N C
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NOSIBAEHNEM U LUMPOKUM pacnpoCTpaHeHVEM LWTaMMOB C
MHOXXECTBEHHOW NEKaApPCTBEHHOM YyCTOMYMBOCTLIO (MJTY).
[lokazaHo, YTO 30JI0TUCTBIN CTAUIOKOKK 3aHVMAET BTOPOE
MeCTO nocne E. coli no Konm4ecTBy CMepTEN, aCCOLMMPOBAHHBIX
C aHTMBUOTUKOYCTOMHMBBLIMM LWTaMMamm [1].

LLItammbl S. aureus peann3ytoT pasinyHble MEXaHU3MbI
YCTOMYMBOCTU K aHTUBMOTUKaM. Cpean HX BbIAENSAOT CUHTES
hepmMeHTOB GeTa-naktamaad 1 npoaykumio benka PBp2A —
aneTepHatMBHOW TpaHcnenTupasel [2, 3]. TlocnegHsas
obecneynBaeT yCTOMHMBOCTb K MPUPOAHBIM U CUHTETUHECKMM
feTa-naktamam, YTO MPUBENO K MOSBAEHUID KANHUYECKM
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B&XXHOW FpyMMbl yCTONYMBbLIX LUTAaMMOB, Ha3BaHHOW MRSA
(ot aHrn. MRSA — methicillin resistant Staphylococcus aureus).
YCTONYMBOCTb K BaHKOMULIMHY Y S. aureus ETEPMUHMPOBaHA
00pa3oBaHNEM TOCTOM KIIETOHHOW CTEHKW, MPENSTCTBYHOLLEN
MPOHVKHOBEHNIO aHTUOVOTVKA BHYTPb KNeTku [4]. Hammune
pPHK-meTunTpaHcdepassl  ©n  gpyrux  (PEepMeHTOoB,
MOOVPULIMPYIOLLIMX @HTUONOTUK, 0BecrneqrBaeT yCTOMHMBOCTb
K aMVHOMNMKO31aaM. Y LUITaMMOB, YCTOMHMBBIX K TETRALMKIIHY,
4acTo OBHapy>kKMBarOT 3alUMTHble Oenkn pubocom TetM un
TetO [5]. S. aureus cnocobeH pocTUratb YCTOMYMBOCTU K
NMHe30VAay NyTeM MOaUMUKaLUM MULLEHN ANt aHTUOMOTMKA.
Takaa mogvdukaums BO3SMOXHA 3a CHET MOSBMEHUA U
pacnpoCcTpaHeHVsl MyTaHTHbIX BapuaHToB reHa 23S pPHK
[6]. BaxkHyto ponb B pas3BUTUM aHTUONOTUKOYCTONYMBOCTU
30/I0TUCTOr0 CTaUAIOKOKKa NrpatoT 3O MIOKCHBIE MOMIMbI.
HekoTopble 13 HUX cybeTpaTt-cneynduydHbl,  Hanpumep,
cuctembl adpchnokeca Tet(K) n Tet(L) [7]. pyrve, HanpoTuB,
CMoCO6HbI  pacnosHaBaTb U 3KCMOPTUPOBATb  LLUVPOKUIA
CnekTp mpenapaToB. Y S. aureus NocneaHWe MpeacTaBfeHbl
MeMOpaHHbIMN  6enkamMn, MPUHAOIEXALLMMA K HECKONbK/M
cemeinictBam — ABC (ot aHrn. ATP-binding cassette),
MATE (ot anrn. multidrug and toxin extrusion), MFS
(oT aHrn. major facilitator superfamily), SMR (ot anrn. small
multidrug resistance) n RND (ot aHm. resistance-nodulation-
cell division) [8]. OTAenbHO CTOUT OTMETUTb CMOCOBHOCTb
S. aureus 06pa3oBbIBaTh YCTOMHMBbIE KIIETOYHbIE arperaTbl —
ONOMNNEHKN, MPEenATCTBYOWNE MPOHUKHOBEHUIO MOEKYS
aHTMOMOTMKA K KNeTkam. BuronneHkn Takxke Crnoco6CTBYHOT
KOJIOHM3aUUn  30MI0TUCTbIM  CTAUIIOKOKKOM  Pas3fiNyHbIX
MOBEPXHOCTEN, YTO 06ecneyvmBaeT NpoTeKaHne MHEKLN,
aCCOLMNPOBAHHbBIX C MEAULIMHCKUMU 13aenmsamm [9].

Ons ahhekTBHOrO fedeHnss NHGEKUN, BbI3SBAHHbIX
wrtammamn ¢ MJTY, B nocnegHue rogpl paspabartbiBatoT
anbTepHATUBHBIE TEPaNeBTUHECKME NMOAXOObI, CPEAN KOTOPbIX
MOXHO BblAENUTb haroTepanuio (Tepanuio Ha OCHOBE
BUPYNEHTHbIX BakTepuodaros). Bbaktepuodaru (harn) —
BMPYCbl, CMNOCOBHbIE NHMULIMPOBATL BakTepuabHbie KNETKU.
icnonb3oBaHne aroB Kak TepaneBTUHECKMX areHTOB UMEET
pPAL NPENMYLLIECTB MO CPABHEHWIO C KITACCUYECKON Tepanmen
aHTnbmoTkamm [10]. Tak, HEOBXOAMMO OTMETUTH BbICOKYHO
cneumnunyHOCTb (haroB, KOTOpasi CKMIOYaET UX BO3OENCTBME
Ha HOPMOMIOPY M CMOCOBHOCTL K CaMopennkauum, YTo C
BbICOKOW BEPOATHOCTBIO OOGECMneqrBaEeT MPUCYTCTBUE areHTa
B ovare nHdekumn. MexaHnam genctens 6akrepmnodaros,
Kak npaBwfo, OT/IMYEH OT aHTUOUOTUKOB, YTO MO3BONSAET
X MPUMEHSATb MPOTUB aHTUOMOTUMKOYCTOMHYMBBIX LUTAMMOB.
HemanoBakHbIM MPENMYLLIECTBOM CHATAETCS! OTHOCUTEbHAS
NPOCTOTa BblAeNeHns bGakTepuodaros 1 MNpou3BOACTBa
TepaneBTUYECKNX NpenapaToB Ha 1x ocHoee [11].

HecmoTpsa Ha MOTEHLMAaNbHYO BO3MO>XHOCTb
3aMeHbl KaCCUYeCKUX aHTUONOTUKOB GakTepunodaramu,
CYyLEeCTBYET pPsALd CHOXHOCTEW, KOTOpblE 3aTpygHSAT
MacCOBO€ W1CMOfIb30BaHne garorepanuu B KINMHUYECKOM
npakTuke. [MaBHble OrpPaHUYEHNsT — CIOXKHOCTb U BbICOKas
CTOMMOCTb MpOoLeayp percTpauumn npenapatoB Ha OCHOBE
BakTepuoaroB 1 OTCYTCTBME YTBEPXAEHHbBIX CXEeM WX
npumeHeHns [12]. CnenyeT Takke OTMETUTb BO3MOXKHOCTh
pasBuTNA y 6akTepuin yCTOMHMBOCTM K OEACTBUIO (haros
N Y3KUIA CMEKTP AENCTBUS BakTepnodaroB unu, apyrumu
CcnoBamu, LUITaMMOBYHO crieumdmyHoCTb [13].

B kauyecTtBe OQHOr0 M3 OCHOBHbIX MyTEN MPUMEHEHUSA
OakTepuoharoe B Tepanuu  paccMaTpumBardT  UX
KOMOVHMPOBAHHOE WCMOMb30BaHWE C  aHTUONOTUKAMMU.
B HacTosilee Bpemsa MHOrMe 3KCMEPUMEHTbI in vitro un
KIMHWYECKME VCCNedoBaHnst NokasbiBakoT 3M(PEKTUBHOCTb

TaKoro Bo3aencTema AByx areHToB [14, 15]. [No MHeHWO psina
cneumanncToB, MoaobHbIA MOAXOA OO/KEH CYLLECTBEHHO
CHU3UTb Harpy3Ky Ha MPOLECChI PEMMCTPALMN 1 MaTEHTOBAHUS
npenapatos [16]. Bonee Toro, COBMeCTHOE MPUMEHEHNE ABYX
pa3HOHaMPAaBNEHHbIX areHTOB aKTyaslbHO MPOTVB LUTaMMOB C
MY [11].

HacTosuasa pabota HanpaBneHa Ha 0630p akTyalbHbIX
pe3ynbTaToB  WUCCNEAOBaHUN, MOCBSALWEHHBIX U3YYEHUIO
Tepanun MHMEKUMI, BbI3BaHHbIX S. aureus, C MPUMEHEHNEM
BakTeprodaroB 1 VX KOMOMHaLMI C aHTUOMOTMKaMK. Hiuke
OyOyT paCCMOTPEHBI MCCNEQOBaHNS, MOCBSALLEHHbIE U3YHEHNIO
ahheKTUBHOCTI Nap «har—aHTUONOTUK» Kak B TabopaTopHbIX
YCNOBUSX in Vitro, Tak M Ha >XMBOTHbIX MOAENsAX in Vivo.
ByoyT Takxe npoaeMOHCTpUpOBaHbl pe3ynstatbl padboT
Nno BO3AENCTBUIO Mapbl «har—aHTUOUOTUK» Ha OUOMNEHKM
30/10TUCTOrO CTAhUIOKOKKA U Cllydan KOMMIEKCHOW Tepanvm
NH(EKLNIA, BbI3BaHHbIX S. aureus.

Pesynbtupytowme aphekTbl KOMOGUHMPOBAHHOIO
npuMeHeHuns 6aktepuocaroB 1 aHTUONOTMKOB 1 METOLbI
VX OLEHKIN

OPDHEKTUBHOCTb KOMOUHALIMM aHTUOUOTUKOB U INTUHECKMX
6akTepnodaros BnepsBble Obina nMokazaHa B 1941 . Ha
npuMepe COBMECTHOIO WCMNONb30BaHWs OGakTepuoaros
C cynbaHnnaMmmgHbiMM NpenapartamMu npotue S. aureus
n Escherichia coli [17]. Tlo3xe nonoxutenbHble 3MdEKTbI
COBMECTHOIO BO3AENCTBUS OblM MPOAEMOHCTPUPOBAHbI Ha
XKMBOTHbIX Mogensax [18]. AHanornyHble pe3ynbtaTbl Oblv
nony4eHbl 1 ¢ neHMumIMHOM [19]. B xone KOMOVHMPOBaHHOM
Tepanun 6biNN  OOCTUMHYTbI YCAEXW B JIEYEHUUM TakunX
VMHPEKLMOHHbBIX 3a00/1EBaHNI, KaK 3HO0OKAPOUT, baKTepUeMmns,
ocTeoMuenuT 1 neputoHnT [18, 20].

B cBowo ovepegb, camM  TEPMUH  «CUHEPTU3M»
(«cuHeprndeckmin athdexT») Obl1 BBEAEH 3HAYUTENBHO MOIKE,
Tonbko B 2007 r. Bbino onucaHo yBenyeHne pasmepa 30H
nmsnca Kynastypbl E. coli non penctsuem bGaktepuodara B
MPUCYTCTBAM CYOUHIMOUPYIOLLMX KOHLEHTPaUMA aHTUOUOTNKOB
(a3TpeoHaM, uedOTaKCUM, TUKAPLMAAVH, NUnepaunivH,
aMNUUUNAVH, HannaukcoBasa kucnota, MutomuumH C) [21].
OCHOBHbIM 0OBbSICHEHMEM HabNOAEMOro SBEHNS CTano
MOBbILLUEHWE MPOAYKUMN YacTuy, 6akTepuodara 3a CHeT
aHOMaJIbHOMO POCTa HaKTepuanbHbIX KNETOK B MPUCYTCTBUN
AHTVOMOTVKOB. CO BPEMEHEM TEPMUH «CUHEPI3M» MPUODPEN
Bonee LWMPOKUIA CMbICA. Tak, MOA HAM CTanm MOHUMaTb Clyyau,
korga adEKTMBHOCTL KOMOUHaumMmM dara 1 aHTMbMoTUKa
B LENIOM 3HAYUTEbHO MPEBbILLAET CYMMY WHOVBUAYabHBIX
ahdpexToB [15, 16]. B HekoTopbIx Mybnkauvsx Ctamm BBOOUTb
OOMONHUTENBHYIO TEPMUHOSONIO, KacaeMyto MOAOXKNTENbHbBIX
3(PPEKTOB KOMOMHMPOBAHHOIO BO3QENCTBMA. Hanpumep, B
OOHOM W3 MCCnegoBaHUi Takne adekTbl Noapa3aenstoT Ha
anaVTUBHBIN 3ddeKT (0T aHm. add — 0o6aBnATb), CUHEPIN3M
n acunutaumto (o1 aHrn. facilitate — obneryats), roe nog
anaVTVBHBIM 3(PEKTOM aBTOPbI MOHUMAKOT PE3ynbTat, Mpu
KOTOPOM COBMECTHOE MPUMEHEHNE ABYX areHTOB MPUBOAUT
K MOAABMEHMIO POCTa KNETOK, PaBHOMY Cymme 3(PdheKToB
KaXKOOro KOMMOHEHTa MO OTAEbHOCTU, MOA, CUHEPIM3MOM —
npeBbILLEHVE agaUTUBHOMO adekTa, a nog dhacunuTaumen —
adhhekT, Korga KOMOMHUPOBaAHHOE AencTBue gaeT bonee
3HaYMMOE MOAaBfieHne OGakTepuanbHOro pocTa, Yem
Hanbonee aMEKTVBHBIA areHT Mpu OTAENbHOM BBEOEHWN,
HO MeHblUEMY B CpaBHEHUN C afAUTUBHBIM 3S(PHEKTOM
[15]. TloMMMO MOAOXKUTENBHOrO, aBTOPbl  OMUCLIBAKOT
HenTpanbHbIN aPdHEKT KOMOUHNPOBAHHOW Tepanuu, Koraa
COBMECTHOE VCMOSIb30BaHNE areHTOB MPUBOOUT K CHYDKEHWIO
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Ta6nuua 1. Viccnenosanuns in vitro KOMOMHMPOBaHHOIO BO3AENCTBINS 6akTeprodaros 1 aHTUOMOTUKOB Ha LUTaMMbl S. aureus

lon, ®dar CewmeiictBO AHTNONOTUK Pesynsrat Ccbinka

2012 | SA5 Herelleviridae leHTamunuunH CuiHepruam [25]
AMINLMANVH, LedOTakCM, KaHaMULIMH, CurHepruam (aMnuumnimvH, uedoTakcum,

2018 | SA11 Herelleviridae TETPALWIKIIMH, LMNPOgNoKCcaLmnH, MUToMULMH C, | TeTpaumknnH, LmnpodiokcauyH, [32]
cynbtameToKcasos, TPUMETONPUM MuTOMULMH C, TPUMETONPUM)

2020 | Sb-1 Herelleviridae HanTOMVILMH, BAHKOMMLIH, LIepTaponuH, CuHepriam [33]
LedasonuH

2021 KokTeiins AB-SA01 | Herelleviridae BaHkoMuLWH, LedTaponuH, LedasonnH CurHepruam (BaHKOMULWH, Leda3onuH) [13]

2021 | Henu2 YMepeHHbIn 3 KnaputpoMuuyH, nnHesonua, LedoTakcum, ChHeprvam [31]

Heknaccuguumpyemblii | TETPaUMKIVH, LnpodioKcaumH

TeTpaunKIH, OKCaUUININH, BAHKOMULWH, AHTaroHn3m (TeTPaLMKIINH,

2021 PYOSa Herelleviridae KaHaMULH, a3uTPOMULMH, [aNTOMULIMH, a3UTPOMULVIH, NINHEIONNL, BAHKOMULIVIH, [34]
pudamMnuH, TMHe3onua, CTPENTOMULH [anTOMULVWH, KaHaMULIMH)

. CurHepruam, aaauTnBHblii addexT,
2021 | Sb-1 Herelleviridae OkcaunnnmH [15]
hacvunmTaums, aHTaroHnsm

2022 | ¢SA115, 9SA116 Herelleviridae TeTpaunKanH, reHTamnumH AHTaroHuam [22]

2022 | vB_SauM-515A1 Herelleviridae OkcauunIvH, BaHKOMULVWH, FeHTaMULMH, CurHepruam (TeTpauukivH, TMHe3onug, [14]
TeTpaUNKIVH, NeBO(IOKCaUVH, TMHE30NNE, OKCaLUNVH)

2023 | vB_Sau_S90 YMepeHHblii 3 DochHOMULMH, LMNPOMNOKCALMH, CHHeprvam [35]

Heknaccudrumpyemblii | BaHKOMULWH, OKCaUWMINH

Konm4ecTBa GakTepuin, paBHOMY Haulyylemy AeACTBUIO
OAHOro MnpenapaTta, a TakXe aHTaroHW3Mm, Mpu KOTOPOM
KOMOVHMpOBaHHasa Tepanusa MeHee 3aMdeKTBHA, 4YeM
VHOMBWOYaNbHOE UCMONb30BaHWe areHToB [15].

PasButne wuHTepeca K KOMOMHMPOBaHHOW Tepanuu
NPVIBENO K pa3Ho0bpasmio N1abopaTopHbIX METOAOB OLEHKMN ee
3hheKTBHOCTU. B nepBbIx paboTax rno Tematnke onpeaensnm
N3MEHEHVS1 aMameTpa 30Hbl nn3uca, ChHOoOpPMUPOBaHHOM
nop, aencTeremM dara B KoMOUHaUMKM ¢ CyOUHrnMbupytoLLein
KOHLIeHTpaumen aHTnbuoTtika [21], Takol TpaauLMOHHBIN
MEeTO[, BCTpeyaeTcsl W B COBpPemeHHbIXx paboTtax [22].
OpHako B HacToslee BpeMs Yallle MCMOob3yoT MeTodbl,
CBSI3aHHbIE C M3MEPEHNEM OMTUYECKOW MAOTHOCTU KNETOK,
3apakeHHbIX aHTubakTepuanbHbIMM areHTaMy COBMECTHO
nnn Hesasmcumo [13, 15]. OueHky nomaenstoLLero addexTa
NPOBOAAT MpY NMOMOLLM noAcyeTa NAoLafen nog KprsbiMn
pocTa WAN MpU OLEHKEe OMTUYECKOW MAOTHOCTU KYMbTYpbI
deped 16-24 4 [13, 15]. Bbicokaa 4HacToTa npuMeHeHus
3TOro MeToda OOyCMoBfleHa HarMAAHOCTbIO U yA0OCTBOM
NpoBedeHNsT 3KCMepuMeHTOB. MeHee pacnpocTpaHeHbl
KONOPUMETPUYECKNE N3MEPEHNSA ANA OLIEHKN KOMYecTBa
XKMBbIX KJIETOK Mocne 06paboTkn aHTubakTepuanbHbIMU
areHTamu, B TOM 41cAe 1 Npu BO3AEUCTBUM Ha BUOMNEHKyY
[28, 24]. bbina pa3paboTaHa aKcnepuMeHTanbHasa cuctema
HEMpPepbIBHOIO  KyNbTUBMPOBaHNUS, KoTopas Mno3Bouna
He TONbKO OUeHUTb 3MMPEKTUBHOCTL KOMOUHUPOBAHHOWM
Tepanun, HO 1 MpPocneanTb apMakoaMHaMUKy MnpoLecca
[25]. BcTpedaeTcs Takke onncaHve MeTofa U3oTepMUHecKomn
MUKPOKaNopuMeTpun AN OLEeHKM BO3AENCTBUSA haroB u
aHTMOMOTNKOB Ha GakTepuanbHyto GuonneHky [26]. Ons
N3Y4YEeHNsT KOMOWHMPOBaHHOM Teparnuy B SKCMepUMeHTax in
VIVO Ha XMBOTHbIX MOZENSX MPOBOASAT OLIEHKY BbDKMBAEMOCTH,
bakTepuanbHOM  Harpysku,  OAUTENbHOCTM  Mpolecca
VHMEKUMM, WN3MepeHne pa3mepa MopaxkeHus (oTeka),
rMCTONaToNornMyeckoe nccnefoBaHne u ap. [27-29).

Taknum o0bpas3oMm, BBUAY MOBbILEHNA KHTepeca K
COBMECTHOMY MPUMEHEHMIO HakTeprodaroB 1 aHTUONOTUKOB,
3a nocnegHee BpeMsi OblN BBEAEHbI HOBblE TEPMUHbBI OJ15
OonMcaHnst peadynsTUpyoLLmMX 3ddheKToB 1 Obin aganTupoBaH
PO, METOAVK AN N3y4eHNst KOMOVHNPOBaHHOIO Noaxoaa.
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Kom6uHupoBaHHOEe npuMeHeHne 6aktepuocaros
M aHTUOMOTUKOB NPOTUB S. aureus B
3KcnepumMmeHTax in vitro

KoMBuHMpoBaHHbIM MOAXoA, C NpUMeHeHneM bakTepnodaros
N aHTUOMOTUKOB ONS  anuMmuHaumn S.  aureus 6bin
NPOOEMOHCTPMPOBAH B 3KCMEPUMEHTaX in Vitro mpakTn4eckn
CO BCEMU KOMMEPYECKM [OCTYMHbIMU aHTUOUOTUKaMMN:
aMVHOTIMKO3VAaMM (FeHTaMULIMH), 6eTa-nakTamamii (OKCaLnH),
MNKONEMAaMA (BAHKOMULIMH), MakpOaamMin (KNapuTROMULIMH),
OKCa30/MAMHOHaM (MMHE30NA), TETPALMKIIMHAMM (TETRALKITH),
uedanocnopmHamm (LedTaponvH, LedasonvH), LMKIMHECKUMNA
nenTugamy (manToMuumH) 1 gp. (tabn. 1). B pamvkax gaHHoro
noaxoda, Kak MpaBuio, MComb3YHoT BUPYTEHTHblE BakTeprodari
cemencTtB Herelleviridae (parHee Myoviridae) v Rountreeviridae
(6biBLUME Podoviridae). MNMpu aToMm 6akTepuodaram ceMencTs
Herelleviridae oTpaloT NPEAnoYTEHME, YTO CBA3AHO C WX
LWMPOKNM CMEKTPOM JIMTUHECKOWN aKTUBHOCTU (CMOCOOHbI
nmanposatb 80-95% wrammos) [30]. B HekoTopbix pabotax no
KOMOVHNPOBaHHOMY BO3[ENCTBUIO MCCNeaoBaTen UCnomb3ytoT
N yMepeHHble BakTepnodari, HO TObKO B pamkax in vitro
akcnepumMeHTos [31].

Kak BugHoO 13 Tabn. 1, B kKayeCTBe aHTUOMOTUKOB
B OKCMepuMeHTbl  BKOYalOT  OakTepuumaHble  ©
bakTepurocTaT4eckmne npenaparbl PasvyHbIX KIaccoB, Mpu
3TOM B 3HA4YNTENbHOM KOfM4ecTBe paboT paccMmaTpuBaroT
BNSGHNE BaAHKOMULMHA W OKCaLMIMHA, YTO CBA3aHO C UX
KIIMHMYECKOW 3Ha4MMOCTbIO. Hanpumep, Obino nokadaHo, YTo
COBMeCTHOe MpumeHeHne dara Sb-1 (cemM. Herelleviridae) ¢
BaHKOMULIMHOM MPOTUB WTamMmoB VISA (0T aHrn. vancomycin
intermediate S. aureus) NPUBOANT K CUHEPTYECKOMY 3dheKTy
[33]. ABTOpbI Takxe YCTaHOBWAWU, YTO WCMONb30BaHWE
CoYeTaHust ABYX aHTUOMOTMKOB Pasfn4YHbIX  KaccoB
(nanTommumHa MO0  BaHKOMULMHA C  LedTaponnHoMm;
ganTomuumHa nmnbo BaHKOMMLMHA C  LedasonnmHoMm) cC
6akTeprodaroM BefeT K cuHeprideckomy addekTy. Mpun
3TOM HY)KHO OTMETUTb, YTO 3PAEKT OT KOMOUHALIMN «dar 1
OBa PasfnYHbIX aHTMOMOTMKa» HE3HAYMTENBHO OT/MYaeTcs OT
KOMOVHaLMK «har 1 aHTUBWOTUK» MPW HaMHUM CUHeprnaMa
B nocnegHem chnydae. [1OBbilleHNE  MHIMOMPOBaHUA
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Tabnuua 2. ViccnenoBaHvst KOMBMHMPOBAHHOM Tepanumn BUonneHoK S. aureus

fon ®ar CemeincTtso AHTNONOTUK Peaynbtat Ccbinka
2011 SAP-26 Rountreeviridae | ASUTPOMULWH, BAHKOMULWH, pudamnuumH | CruHepruam (pudamnuuyH) [23]
2014 MR-5 Herelleviridae JNnHesonng CuHepruam [41]
CrHepruam (BaHKOMULWH, Liedas3onnH)
AHTaroHn3M (BaHKOMULIMH, LieasonuH,
Ledpasonuk, saHkoMmuyH, VIKNOKCAUUNNVH, MTMHE30N1A, TETPaLVKINH)
2018 SATA-8505 | Herelleviridae OVIKNOKCaUMMINH, TETPALMUKIINH, A H ’ A pau [24]
funesonin ApAnTUBHBIN 3P deEKT (AMKNOoKCaUMNINH, LedasonH,
TETPAUMKIIVH, NHe3onma)"
LIMNPOGIOKCALIMH, AANTOMULIH, CunHepruam (unpognokcaLyH, TETPaLMKINH)
2019 PYO Herelleviridae APUTPOMUNLINH, FEHTaMULIMH, NMHE30NnA, [16]
AHTaroHn3Mm (LMnNpognoKcauyH, BaHKOMULH,
OKCauUMUIVH, TETPAUUKINH, BAHKOMULIMH
TETPAUMUKIIVH, FEHTAMULWH, 3PUTPOMULH, NMHE301)
2020 | Sb-1 Herelleviridae | FOC/UMKIIMH, neBOGNIOKCALIH, CuHepruam [26]
NUHEe30NMA, KIMHAAMULWH, prdamnuH
2023 ®dar K Herelleviridae BaHkomMuumH CuHepruam [42]
2023 vB_SauM_ Herelleviridae BaHkoMULH CviHepruam [43]
Remus

bakTepuanbHOro pocta HabmoganM v npu NpUMEHeHU
BaHKOMULIMHA C ymMepeHHbIM GakTeprodarom Henu2 [31]. Ha
BbIOOPKE 13 27 LTaMMOB ObII0 MOKa3aHo, YTO COBMECTHOE
Bo3mencTBune thara Sb-1 (cem. Herelleviridae) ¢ pasnuyHbIMN
KOHLIEHTpaumMsiM  okcaumnnmHa B OONbLUMHCTBE Cly4Yaes
NPVBOOMIO K MNONOXUTENbHBIM 3hdeKkTaM NHMMOMPOBaHWS
DakTepuanbHOro PocTa, TaknM Kak CUHEPrvaMm, agauTVBHbI
adpdekT n pacunmntauma [15]. MiccnegoBaTteny oTMevaroT,
YTO HeraTuBHbIE Cly4an Tak Ha3blBAEMOrO aHTaroHW3ma
Obinn KparHe pedkn. Cxoxue pesynsTaTel bl nokasaHbl
N ons nutndeckoro bakTtepuodara vB_SauM-515A1: ero
KOMBVHALMST C OKCALMIIMHOM B OMPEAENEHHbIX KOHLIEHTPaLMSX
ynydlwana aHTubakTepuanbHbii apdeKT, a aHTaroHn3ma Bo
BCEX PaCCMOTPEHHbIX cryyasx He Habntogann [14].

ToYHblE MexaHn3Mbl, Nexalliie B OCHOBE CUHEPIMHYECKOro
abhexTa COBMECTHOMO MPUMEHEHNS (DaroB 1 aHTUOMOTUKOB
NPOTVB LUTaMMOB S. aureus, 40 C/X MOP OCTatOTCA HEACHBIMU.
[ns o6bsicHeHNs faHHOro heHoMeHa npeanararoT pasnyHble
rMnoTesbl. Hanpumep, yBenmyeHe BbipaboTk (haroBbIxX YacTiuL
nop, AevicTereM cybneTanbHbIX KOHLEHTpauuin aHTUOMOTVIKA,
4TO ObINO MOKa3aHo Ha MpUMepe TETPaUMKINHE, IMHE30NNAA,
TENUTPOMULMHE,  KNapuTpomMuumHa, uedoTtakcuma  u
umnpodnokcaumHa. CybnetanbHble KOHLEHTpauum 3Tux
aHTUONOTMKOB CMOCOOCTBOBa/IM YBENMHEHNIO 30H (haroBOro
m3nca, YTO MOXET CBUAETENbCTBOBATb O MOBbILLEHHOMN
npoayKumn Yactuy, 6akteprodbara [31]. Bbino nokasaHo, YTO
noA, AencTBreM CybneTasibHbIX KOHLIEHTPaLUWi aHTUONOTUKOB
KNeTkn S. aureus OEMOHCTPUPYIOT HabyxaHve, KOTOpoe B
psage cny4aeB COMPOBOXAANOCh YBENMHYEHHOM NpoayKLmei
bakTepunochara SA11 (cem. Herelleviridae) [32]. Mo MHeHMIO
aBTOPOB, TaKOW CUHEPIr3M — pe3yfsTaT 3adepXKn 13unca,
BbI3BAHHOM HEOOCTAaTKOM XOfiMHA, KOTOPbIA HeoOXoauM ONs
nm3nca KNeTkn U OabHenwero BbICBOOOXKAEHNS LOHEPHNX
BMPYCHbIX YacTuy,. Opyrmm OOBbACHEHWEM CUHEPTMHECKOro
adhekTa cTano npeomoneHne YyCTOMYMBOCTU K dharaMm npwu
BO3AENCTBUM aHTUOMOTUKOM. Tak, KoMbuHaLms 6akTeprodara
Sb-1 ¢ BaHKOMMUMHOM/AANTOMULMHOM NpefoTBpallana
pasBuTME YyCTOM4YMBOCTU K GakTepumodaram [33]. Kpome
TOro, B CUCTEME HEMPEPbLIBHOIO KynbTUBMPOBaHUSA Oblio
rnokasaHo, YTO reHTaMULMH UHOYLMpYyeT obpas3oBaHme KNeToK
C (PEeHOTUMOM, CKNOHHbIM K arperaumm n obpasoBaHuto
KOHIMoMepaToB, KOTOpble, B CBOK 0Yepefdb, Hambonee
4yBCTBUTENbHbI K AeNcTBUIO BakTepurodara [25].

B cpaBHeHWN C CUHeprn4ecknM adHeKTOM, aHTaroH13Mm
Obl1 OTMEYEH B 3HAYNUTENBHO MEHBLLEM KOMIMYECTBE MyOnMKaLmin
[15, 22, 34]. B oTOenbHbIX UCCNegoBaHUAX aHTaroHW3Mm
CBA3bIBAOT C  MPUMEHeHWeM  6aKTepnocTaTUHecKmx
aHTNOMOTNKOB [22, 34]. BbicKasaHHas 3aKOHOMEPHOCTb
Ka)XeTCsl BMoJSiHe pPasyMHOW, MOCKOMbKY W3BECTHO, 4YTO
OakTepuocTaTM4eckme aHTUOWMOTUKN  HamnpaBfeHbl  Ha
OrpaHVN4yeHne  PasMHOXEHUS U >KU3HELesATeNnbHOCTH
bakTepuranbHbIX KNeToK 6e3 MocnenytoLwero YHUYTOXeHNS
nyTeM BO3OEWCTBUS Ha cuUcTeMbl OuocuHTesa Oenka u
HYKNEMHOBbIX KUCMOT. He MCKIOYEHO, YTO MHIMBMPYIOLLLEMY
BO3OENCTBMIO B TakOM Cjlyd4ae MOryT noABeprarbcs
N DKM3HEHHO  BaxHble npoueccbl  HakTepuodara.
[JononHNTENbHO CTOUT OTMETUTbL, YTO aHTUOWOTVKM B LIENIOM
CH>XatOT MIOTHOCTb BaKTepuin 1 TEM CamMbiM — CMOCOBHOCTb
dara K penamkaumm.

B T0O Xe BpemMs MOXHO YBUOETb MPOTUBOPEUNS,
BO3HMVKaIOLLME MPU CPaBHEHUN UCCNefoBaTeNlbCKUX paboT
pasHbIx aBTOpoB. C OfHOW CTOPOHbI, HEKOTOPbIE PE3y/bTaThl
9KCMEPVMEHTOB MOATBEPXKOAOT MAe O LTaMmo- 1 haro-
cneumduyHocT  peayneTupytolero adpdekta [15]. C
OPYroi CTOPOHbI, pasHuLy 3hdEKTOB MOXHO CBA3aTb C
KOHLEHTpaLMAMN aHTMOMOTHKa. Tak, Npu MCNoNb30BaHUM
0aKTepmnoCTaTU4eCKOro  aHTMbuoTMka nnHesonuaa B
KoHUeHTpaumn 10 Mkr/mn u chara PYOSa (cem. Herelleviridae)
HabntogatoT aHTaroHMCTU4eCKnin adhbdekT [34], B TO Bpems
Kak B Apyrux pabortax npv npuMeHeHun Bonee HU3KKX
KOHLeHTpauu (1-2 Mkr/mn) n daros Henu2 (ymepeHHbIit
Heknaccuduumpyembd) [31] nam vB_SauM-515A1 (cem.
Herelleviridae) [14], Ha0bOPOT, MPOSIBASETCA CUHEPIU3M.

TakuMm 06pa3oM, KOMOVHWpPOBaHHas Tepanus UMeeT
BECOMBbIN MOTeHUMaN, U B GONBLLMHCTBE Crly4aeB 1CMob30BaHme
OJHOBPEMEHHO BakTeprodara 1 aHTUOVOTUKOB He CHIDKAET MX
Pe3yNLTaTUBHOCTM, @ B HEKOTOPbIX Clyvasix 1 MoBbILLIAEeT ee. B
TO >KE BPEMS 04EBNOHO, YTO KOMOMHMPOBaHHOE BO3AENCTBYIE
bakTeprodaroB 1 aHTUOMOTUKOB MHOFOMEPHO W Tun
pesynsTrpytoLLero addexTa 3aB1CUT OT psiaa NapameTpoB:
KOHLeHTpaunii BbIOpaHHbIX areHToB, Tuna aHTMbnoTMKa
n wramma baktepun. [Ona 6onee nonHoro o6o06LieHns
OaHHbIX  HeobXoaMMO  MpOBefdeHWe  OOMOSNHUTENbHBIX
NCCNefoBaHNii, CBA3aHHbIX C MOUCKOM KOPPENSALIMIA Mexay
BblLLEeNepeYnCneHHbIMI (hakTopamn, HanpruMep, C y4eToM
JaHHBIX TUMMPOBaHKS LUITAMMOB.
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Tabnuua 3. ViccnenoBaHnst in vivo 1 KIIMHUYECKME CryYan KOMOUHMPOBaHHOW Tepanin MHAEKLMIA, BbI3BaHHbIX S. aureus

lop dar CewmeiictBO O6bekT NHdekums AHTUONOTUK Pesynetar Ccbinka
ViccnepoBanus in vivo
2013 | Sb-1 Herelleviridae Kpbicbl ViMnnaHTaT-accounmpoBaHHas nHekums | TelikonnaHuH CurHepruam [46]
2013 | MR-10 Herellevirida Mbiwm VHbekumm 3aaHei nanel y Meluiei NuHesonng CurHepruam [27]
c gnabetom
KokTeiinb 13 o .
2019 2003, 2002, 3A, haroB pasnm4HbIx Kpbicbl MHeBMOHUS TelikonnaHuH HeiTpankHsii [28]
and K o ahpekT
cemelicTs
vB_SauH_2002, | Herelleviridae,
2022 phage 66 Rountreeviridae Kpbicbl OHpokapanT ®dnyokcaumnnuH | CuHepruam [29]
VB SauM JIN4nHKN
2023 - - Herelleviridae Galleria - BaHkoMuLmH CurHepruam [43]
Remus
mellonella
KnuHuyeckue cnyyan
dnyokcaunnnmH,
2019 KokTeiinb Herelleviridae _ VIHbEeKLUMOHHBIN aHAOKapanT umnpodnokca- Bbisgoposne- [47]
AB-SA01 NpOTE3MPOBAHHOro KnanaHa LMH, pyudam- HUWe naumeHTa
NUUWH
VIHDEeKLMOHHBIN 3HO0KapauT,
KoKTeilo accoUMMPOBaHHBIN C BCMOMOraTebHbIM LiechasonmH Bb3IODOBNG-
2019 Herelleviridae - YCTPOWCTBOM B JIEBOM XKeNyAouKe, ! Aop [48]
AB-SA01 . MUHOLMKINH HVe naumeHTa
OCNOXHEHHBI CTEPHABHBIM
OCTEOMMENNTOM U 6akTepuemMmen
KokTelinb . BbizpoposneHve
2021 AB-SAO1 Herelleviridae MHbekumnsi npoTe3Horo cyctasa LiecbazonuH naumeHTa [49]
2022 | Mallokai HET OaHHbIX - MHbekumsi npoTe3Horo cyctasa AanTomMiuyH n Beiapoposnerme [45]
LedTaponvH nauveHTa

KombuHupoBaHHOe Bo3gencTeue 6aktepuodaros
1 aHTUOGMOTUKOB Ha 61oNEHKU, cchopMrpPOBaHHbIE
S. aureus

MHorve WramMmbl S. aureus xapakTepusyroTCsa CMOCOOHOCTBIO
obpasoBbiBaTb  GuonfaeHkU.  BuonaeHkn  NposBASOT
MOBBILLEHHYO ~ YCTOMYMBOCTb K MPOTMBOMUKPOGHBLIM
CPeacTBaM 3a CYET HaMH{Ms COXHOW MPOCTPaHCTBEHHOM
CTPYKTYPbI, MEXaHNYECKN MPEMSATCTBYHOLLEN NPOHNKHOBEHNIO
aHTUBNOTKKA, a TakXe W3MEeHeHus eHoTMNa KAeToK
(obpasoBaHVe MeOsIeHHO pacTyLUMX KIeTOK U KIEeTOK-
nepcncTepoB) [36]. BOMbLUMHCTBO KANHUYECKUX Clydaes
VHbekumn S. aureus CcBs3aHbl C 0O6pa30BaHMEM BUOMEHOK,
KOTOPbIE CMOCOOHbI KONOHN3MPOBATL MOBEPXHOCTY OPraHoB U
MEONLIHCKNX naaenuin [37-40].

[pUMEHEHNE KOMOVHUPOBAHHOIO MOoAxoda MnpoTUB
ononneHok S. aureus B HACTOSILLEE BPEMS aKTMBHO N3y4aroT
(tabn. 2).

Knto4eBo MOMeHT ansg addexkTmBHom 06paboTkm
OVOMNEHOK  aHTUMUKPOOHbBIMMN areHTamm  —  3T0
nocnegoBaTebHOCTb nX BBEOEHUS. HawnbonbLuas
3 HEKTUBHOCTE KOMOWHMPOBAHHOW Tepanuy nokasaHa
npu nocnegoBaTenbHon 06paboTke OUOMMEHKN cHavana
BakTeprodarom, a 3aTeM aHTUOUOTUKOM. Takol pesynsrar
NPEAnoONOXNTENBHO CBA3aH CO CMNOCOOHOCTbIO  haros
NMPOHNKAaTb B MaTPUKC OMOMMEHKM W paspyluaTb ero, 4To
MPVIBOAUT K BbICBOOOXAEHUIO MIIAHKTOHHbBIX KIETOK U UX
MOCNEAYIOWEMY YHUYTOXEHUIO KakK aHTUOUOTUKOM, Tak
n arom [23]. DTN paHHble NOATBEPXKAEHbI BO MHOIMUX
paboTtax [16, 24]. Bbin NPOOEMOHCTPVPOBaHbI HE TOJSIbKO
3hheKTNBHOCTL MocneqoBaTefibHOM 06paboTKK OUOMIEHKN
cHavana darom (cem. Herelleviridae), a 3aTem aHTUOMOTUKOM
(BaHKOMULIMH, Leda30/vH), HO WK OTCyTCTBME adekTa
NEeNCTBUS aHTUMUKPOOHBIX areHTOB MpV UX OOHOBPEMEHHOM
1CMONb30BaHMY, 1 6onee TOro, B Cly4ae BHeCeHusa dara
nocne aHTUONOTVKOB (BAHKOMULVH, Liedha30vH, TETPaLMINH,
NIMHE30/IMA) — aHTaroHUCTUYecKnin adpdexT [24]. OnmcaHsbl
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TaKxKe Clydanm aHTaroHM3Ma npu OOHOBPEMEHHOM BBEOEHWUM
areHToB (BaHKOMULMH WK TETPaUVKIMH ¢ GakTepuodarom
PYO (cem. Herelleviridae)) n cuHeprinama ons 60nbLIMHCTBA
TECTUPYEMbIX MPenapaToB NMpu UX BBeAeHWM nocne dara [16].

OPdEKTMBHOCTE  MO3TAMHOrO  BBEAEHMS  areHToB
Oblla MokasaHa W npu NpuUMeHeHun bakTepuodaros u
AHTNONOTUKOB MPOTMB BGUOMNEHOK, 06pa3oBaHHbIX OBYMS
B1gamMun baktepuii (S. aureus n Pseudomonas aeruginosa).
Tak, BBeeHVe reHTaMmmumHa nnm umnpodgaokcayyHa nocne
BakTepunodara NpPUBOAUT K MOSHOMY MOAABAEHUIO pocTa
GvonneHkn [44]. ABTOpPbl MOAHEPKHYN, YTO MakCUMaslbHbIN
3(heKT JocTUraeTcst Npy BBEAEHUN aHTUOUOTVKOB B BbICOKMX
KOHUeHTpaumsax (8 MUK (MuHMManbHas uHrmbupyroLas
KOHUeHTpauus)). [MpuMeHeHne BbICOKUX KOHLEHTpauuii
AHTUONOTUKOB B Clydae MHMEKLMI, aCCoOLMNPOBAHHbBIX C
OVOMNNEHKOOOPA30BAHNEM, XaPaKTEPHO U AN KIIaCCUYECKOM
aHTUONOTUKOTEPaANUK.  HeobxoanMMOoCTb  MCMNONb30BaHWA
BbICOKMX KOHLIEHTpauuii aHTUOMOTUKOB B COYETaHUU C
6akTepnodaroMm ans AOCTUXKEHUS SNUMUHALK BUONNEHKN
Takke NPOOAEMOHCTPUPOBaHa BO MHOIMX paboTax [16, 22, 45].
KoHueHTpaumm aHTnburoTrka B pabotax BapbupytoT oT 2 [16]
0o 250 MUK [43]. Kpome Toro, 6biia NoKasaHa 3aB1UCMOCTb
appekTa anumMuHauMM  BUOMNEHKN OT  KOHLEeHTpauun
AHTNOVOTVIKA, a UMEHHO: MOAABMEHVE PasBUTUS OLOMMIEHKN
ObINI0 MPSMO  MPOMOPLIMOHASTBHO  KOHLEHTPALMSAM  NMHE30Maa
1 TETPALVKIIMHA 1 0BPaTHO MPOMOPLIMOHATBHO KOHLIEHTRALMAM
BaHKOMMLIMHA 1 LiedhadonmHa (00 KoHLEeHTpauum 128 MK/mn); B
Cnydae ApyriX aHTVOMOTUKOB (AVKMOKCAUWIIMHA U TETPaLMKIHA)
SABHOW NIMHENHOW 3aBUCUMOCTU He Habnganu [24].

Kak ynommHanocb paHee, GUONIEHKM UMPaloT 3HAYUMYHO
pPOSilb B MMMIAHTAT-aCCOLMNPOBAaHHBIX UH(EKUMSX. ABTOPbI
paboThl, B KOTOPOW BblT YCMELHO MPUMEHEH KOMOVHNPOBAHHBIN
noaxon Anst 60pbbbl ¢ GronaeHkamu, acCoLMNMPOBaHHbIMM
C MEOUUNHCKUMK W3OENNAMN, NPeaioxXunm npoBOaUTb
MOKPbITME  OPTOMEOUYECKUX  MPOBOSIOK  MOSNMEPOM
rMOPOKCUMPONUAMETUILENONO30M,  HECYLMM  CMECb
b6akTepuodara MR-5 (cem. Herelleviridae) n nuHesonvpa. B
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pesynerate HabmoaaM He TObKO SpaamKaumio BUOMMIEHOK,
HO U CHWDKeHVe afre3nn 6akTepuasbHbIX KNeToK. [1omMnumo
3TOro, B AA@HHOM MCCedoBaHmn ObINo NoKa3aHo, YTo YacToTa
obpasoBaHNst yCTONM4YMBBIX K BakTepnodary MyTaHTOB Mpu
COBMECTHOM MPUMEHEHUN OBYX areHTOB CHKanach [41].

icxogss 3  BbllWecKasaHHOoro, nocnenoBaTenbHoe
BBeAeHne OakTepuodara ¢ aHTMOMOTUKOM B BbICOKMX
KOHUEHTPaUMsX MO3BOSSET AOCTUYb AVMUHALMN OUOMNEHOK,
1 Bofee Toro, CMeCb ABYX areHTOB MOXET ObiTb MpUMeHeHa
COBMECTHO C MOJIMMEPHBIM  MOKPLITUEM  MEOULMHCKMX
n3nenuin. MonyyYeHHble pedynsTaTbl MOryT CTaTb OCHOBOW A1
€030aHMs HOBbIX MOAXOA0B NPV UCMONB30BAaHUN VIMMIAHTaTOB
1 KaTeTePOB.

WccnepoBaHnst KOMGMHNPOBAHHOIO NPUMEHEHNSA
6akTepuocdaroB n aHTUGMOTUKOB HA MOgENAX NHeKLUNA
S. aureus vi KNMHNYECKNEe cnyyau

PagpaboTka HOBbIX TepamneBTUYEeCKMX MOAXOAOB TpebyeT
NoATBEPXKAEHNS X 3PMEKTUBHOCTY Ha >KMBOTHbIX MOAENSX.
OUEHKY COBMECTHOrO MCMoMb30BaHMs bHakTeprodaros U
aHTMOMOTVKOB MPOBOAAT KaK Ha MO3BOHOYHbIX MWBOTHbIX,
Tak 1 6ecno3BoHO4YHbIX. B cnydae mepBbiX mMccnegoBaten
BOCCO30at0T MOAENM Pa3INYHbIX UHEKLIMOHHbIX 3a00NeBaHNi,
B TOM 4WCNe WMMaHTaT-acCoLUMMPOBaHHbIE WHMEKLUN,
MHEBMOHWIO, SHAOKAPAUT U UHMPEKLUN MAFKNUX TKaHew,
MHOYLMPOBaHHbIX caxapHbiM anabeTom. B mnccneposaHus
BKJIIOHYAIOT Hambonee akTyallbHble Ha CEerogHAWHUIA OeHb
aHTUONOTUKK, TakMe Kak JIMHe30n1g, TenKOoMaaHuH,
BaHKOMULIMH (Tabn. 3).

PesynbraThl aHamM3a NpeacTaBneHHbIX B Tabnmue paboT Ha
>KMBOTHBIX MOAENAX OEMOHCTPVPYIOT YCMELLHOE MPUMEHEHNe
KOMOWHMPOBAHHOIO Noaxoda ANnsa Tepanuu UHMEKUUN,
BbI3BaHHbIX S. aureus. bbino mMokasaHo, YTO KOMOMHAaLMS
TemkonnaHnHa Cc nuTudeckum  baktepuodarom  Sb-1
cnocobHa yHNHYTOXaTb OGUMOMIEHKM Ha KaTeTepe, BBEOEHHOM
BHYTPUBEHHO [46]. epcnekTMBHOCTL KOMOUHUPOBAHHOIO
nMpUMeHeHna garoBon Tepanuu C aHTMbuoTukamm 6bina
MPOAEMOHCTPUPOBaHa U B WUCCNEAOBAHUN Ha KPbICUHOWN
Moaenv sHgokapavTa [29]. B nybavkaumm HanbonbLumnii ycnex
Tepanum NokKasano codeTanvie nyokcaunmnanmHa ¢ arosbiM
KOKTeNeM, CogepxalliymM NpeacTaBuTenein AByx CEMeNCTs —
Herelleviridae v Rountreeviridae. VlccnegoBaTenn oTMevatoT,
YTO Y >KMBOTHbIX, MOaydatolmx BakTepuodar COBMECTHO
C aHTUBUOTMKaMV, WHMEKUMNOHHBIN MPOLIECC MpoTekaeT
3HAYUTENIbHO MArdYe n OJUTCSA 3HAYUTENbHO MEHbLUe B
CPaBHEHUN C XKNBOTHBIMU, MOAYHAIOLLMMUN TOMBKO aHTUOMOTUK
mnn BakTepurodar [27]. 3 npeacTaBneHHbIX MCCneqoBaHnii
VCKIloYeHeM cTana pabota 2018 ., B KOTOpOM He
OblNO  OBHAPY>XXEHO  CYLWIECTBEHHbIX — Pasanyuin  Mexnay
VHOMBVAYAbHBIM MPUMEHEHNEM dhara nam aHTMbrnoTmnka ¢
COBMECTHbIM BBEAEHNEM [ABYX areHTOB B MOOEN BEHTUNATOPR-
acCOLMNPOBAHHOW MHEBMOHUN [28].

B HacTosLee Bpems BCe Hallle COODLLIAOT O KIIMHUHYECKMX
CryYasx NPUMEHEHNST KOMOVHNPOBAHHOW Tepanmn pasnmyHbIX
VHEKLNA, BbI3BAHHbIX 30/I0TUCTbIM  CTA(MUTOKOKKOM.
B 2019 r. nogBunocb mnepBoe coobuleHne 06 ycrnexe
KOMOWHMPOBAHHOW  Tepanuum daroBbimM KOKTennem
AB-SAO01 (cem. Herelleviridae) B codeTannn ¢ aHTUOUOTUKAMI
(chnyokcaumanmH, umnpoNoKCaLH 1 pudamMnnUmnH) B Ciyyvae
naumeHTa ¢ MHPEKLUMOHHbIM SHAOKAPANTOM VCKYCCTBEHHOMO
knanaHa [47]. llocne Havana BHYTPUMBEHHOrO BBEAEHWSA
npenapata bakTepuodaroB wunccnemosatenn Habnoganm

CYLWECTBEHHOE MOAABMEHNE CUMMTOMOB  (IMXOPAAKH,
Taxmkapamn, MnoTOHUM U CbIMK) C NOCAenYOLWMM MOMHbIM
BbI3OOPOBEHNEM. DTOT »Ke npenapaTt bakTepunodaros
OblN1 YCMELIHO UCMOMb30BaH COBMECTHO C Lieda3onHOM
N MUHOUMKIIMHOM B Clly4ae maymeHta C WHMEKLMOHHBIM
3HO0KAPAUTOM, aCCOLMMPOBAHHBIM CO BCMOMOraTENbHbIM
YCTPOWCTBOM B JfIEBOM >Xenygoyke [48]. OnucaH Takxke
cAydar ycreLHon Tepanum MHAEKLMN CyCTaBHOrO npoTesa C
MPUMEHEHVEM BHYTPUBEHHbBIX WHAY3UN (HaroBOro KOKTEWA
AB-SAO01 1 uedhazonnHa B COYETAHUU C XUPYPTrUHECKUM
BMellaTenscTBoM  [49]. Bo BCex  BbIlEYNOMAHYTbIX
MCCNEAOBaHNSX aBTOPbI OTMeYar 6e30MacHOCTb MCTOb30BaHNA
BakTeprodaroB 1 He coobLan 0 MO6O4YHBIX ddhEKTax.

Beuagy coobuleHuin 06  ycmewHOM  TecTUpoBaHUU
KOMOVHMPOBaHHOW Tepanuv Ha >XUBOTHbIX MOAENsX U
NONOXUTENBHBIX PE3yNsTatax B KIMHUHECKON MPaKTUKE MOXXHO
choenatb 3aKroHeHre, YTO COBMECTHOE MPUIMEHEHME NITNHECKIX
GakTeprodaroB ¢ aHTUOMOTUKaAMU — MHOroobeLLaroLLmi
noaxon, ANnst NneYeHvs MHMEKLMIA 3010TUCTOrO CTadnIOKOKKa
Pa3NHHOM TSHKECTU.

SAKJTKOHEHNE

[MpuMeHeHne nuTnHecknx 6OakTepnodaroB B KadecTBe
OOMONHUTENBHOIO areHTa K KJIaCCUYECKUM aHTUONOTUKaM Mpu
Tepanum Hbekmin S. aureus ¢ MJ1TY B mnocneaHve OecatnneTus
CTano  akTyallbHbIM  HamnpaBfeHWeM  UCCNEeAOBaHNN.
OKCMEPVIMEHTI in Vitro v in vivo AEMOHCTPUPYIOT, YTO BO MHOIVX
crydasix KOMOMHMPOBaHHOEe BBedeHue dhara 1 aHTMbrnoTrKa
NPUBOOUT K 3HAYUTEIbHOMY CHVKEHWNIO POCTA YNCIEHHOCTHU
6akTepuin, B TO BPEMSA Kak 06paTHbIN aHTaroHUCTUYECKUI
ahhekT BCTpe4aeTcss 3HAYUTENbHO pexe. BaxHoe
MPEUMYLLIECTBO Takoro noaxoda COCTOUT, HECOMHEHHO, B €ro
3(PDEKTVBHOCTY B SMIMMMHALIMN HE TOSBKO MIIAHKTOHHbBIX KIETOK,
HO 1 BMONIEHOK, aKTUBHO (POPMUPYEMBIX MHOMMM LLITaMMaMIM
30M10TUCTOro ctadmnokokka. ObpaboTka GakTepuoddaramm
N aHTUOMOTUKaMM N Vitro NMO3BONSIET 3HAYUTENBHO MOBbLICUTH
BOCTIPUMMHMBOCTb Y PECEHCUONM3ALMIO LUITaMMOB S. aureus ¢
MJTY K aHTVBMoTVKaMm. B TO ke Bpems pesynbraTsl, MomyYeHHble
Ha CerogHsILLHUA OeHb B 9KCMepUMeEHTax in Vvitro v in vivo, He
SABMSOTCS MCHEPMbIBAIOLLMMM W COAEPMaT MHOMO MPOTVBOPEYNN,
4YTO [enaet akTyanbHbIMWU  OafbHeNVe WCCNeaoBaHus,
HanpaBfeHHble Ha HakoneHre 1 0bobLLEHVE daHHbIX. Kpome
TOro, ANnst 9dEKTUBHOIO MCMONb30BaHNSA MPEaCTaBIEHHOMO
noaxoda HeobxoayM PyHAAMEHTaTbHbI 6A3KC, OOBACHAKOLLMIA
MexaH3Mbl, 334eICTBOBaAHHbIE B 3NMUHALIMM S. aureus npu
KOMOVHMPOBAHHOM BAMSIHUM GakTepunodara 1 KOHKPETHbIX
AHTNOUOTMKOB. Taknm 0bpasoMm, AanbHeENLLNEe UCCNea0BaHNs
OOIDKHBI BKIKOYaTb U3YyYeHne B3aMOAECTBIS CUCTEMbI «dhar—
AHTNOUOTUK—OaKTEPUS» C MPUBMEYEHNEM METOOOB CUCTEMHOM
BUONOrNM VI OMUKCHBIX TEXHOMOT A,

OToenbHO cnedyeT MOAYEPKHYTb, YTO Ha CErOAHALLHNIA
OEHb MPOAEMOHCTPUPOBaHbI MHOroObeLLaloLLmMe Pe3ynsTaThl
MPYMEHEHVS KOMMIEKCHOW Tepanun Ha naumeHTax. Hecmotpst
Ha 9TO, 019 ee MacCOBOro MCMob30BaHNA HEOOXOAMMO
OMTMMU3NPOBaTL MOAOVpPaemMble [O03bl ABYX areHToB WU
NPOBOAUTL daflbHENLLME KIVHUYECKNE UCccneaoBaHus (B
TOM 4MCAe N OBOMHOE cnemnoe nnauebo-KOHTPOpyemMoe
nccnepoBanve), noaTeepxxaarolme 3MDHEKTUBHOCTb U
6€30MacHOCTb 1CMOMb30BaHNS NpenapaToB bakTeprodaros,
nNpon3BedeHHbIX Haanexaliym obpasom. [aHHble paboTbl
OOMKHbI CTaTb OCHOBOW ANA pasdpaboTky pekoMeHdaLuii no
MPUMEHEHMIO 6akTeproaroB B KIMHNYECKOW MPaKTUKe.
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