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AHHOTAIINSA

Y CTOWYMBOCT, MHUKPOOPTaHW3MOB K aHTHOMOTHKAM - OJHA W3 CaMbIX Cepbe3HbIX mpobiem XXI
Beka. MHorue u3 paHee S((EKTUBHBIX aHTHOMOTHKOB OOJbIIE HE MPUMEHHMBI H3-32 LIUPOKOTO
pacrpocTpaHeHus] INTAMMOB PE3UCTCHTHBIX MHUKPOOOB. BesnecymHOCTh YCTOWYMBBIX OPTaHHU3MOB
pPacKphIBaeTCs B pANC CTaTel. Y CTOMYMBOCTH OaKTEpH K aHTHOMOTHKAM OYCHL aKTHBHO HMCCIICIYETCS,
MU3MEpSAETCS M OTCIIeKUBACTCA Ha SMHIESMHUOIOTHYECKOM ypoBHE. OcoO€HHOE BHHMAHHE YIETSETCS
WCCJICJIOBAHNI0 AHTHMUKPOOHBIX CBONCTB MOJIOYHOKHUCIIBIX OakTepwii, Tak Kak OHH OO0JaJaroT
pa3IMYHBIMA TPEUMYIECTBAMH B KadecTBE CpPEICTB OOpbOBI C aHTHOMOTHKOPE3NCTEHTHBIMBI
MATOTEHAMH.

KiroueBbie cjioBa: aHTHOMOTHKOPE3UCTEHTHOCTHBIC MATOTEHBI, JIEKAPCTBEHHAS YCTOWYMBOCTD,

AHTHOMOTHKH, MOJIOYHOKHCIIBIE OaKTEPHH.

VYCcTOHYMBOCTh K MPOTUBOMUKPOOHBIM IIperaparaM cTaja OJHOW M3 OCHOBHBIX IpoOjeM
0€30MacHOCTH Uil YellOBeuecTBa.  AHTHOMOTHKOPE3UCTEHTHOCTh  MHUKPOOPTaHHW3MOB
BbIpaOaThIBa€TCsI MPH  IMOCTOSHHOM  BO3JEHCTBMM  HPOTMBOMHUKPOOHBIX  IpenapaToB.
bonesnerBopHble MUKpOOpraHu3Mbl (OakTepuu, rpuOKH, BUPYCHl U IMAapa3UThl) IPUOOPETAIOT
YCTOMYMBOCTh K TPOTUBOMUKPOOHBIM HpenapataM (aHTMOMOTHKAM, NPOTUBOBHPYCHBIM U
IPOTUBOTPUOKOBBIM TIpenaparaM M JPYrMM aHTUMUKPOOHBIM CpeICTBaM), IMOJABEPraschb HX
HOCTOSIHHOMY  BozzeicTBuio [1-4]. Kpusuc ycroWdmBOCTH K aHTHOMOTHKAM CBSI3aH C
YpE3MEPHBIM U HEMPABUIILHBIM HUCIIOJIB30BaHNUEM ITHX JiekapcTB [5-8]. U B pesynbTare mporecca
aJalTalud HEKOTOPbIE MHUKPOOPraHM3Mbl MOTYT BBDKHMBATh W PAa3MHOMKATbCA B HaJIU4YUe
AHTUMHUKPOOHOTO IMpenapaTa, KOTOPbIil B HOPMAJIbHBIX YCIOBHSIX UX UHAKTUBHUPYET.

ONHUIEMUOJIOTUYECKUE HCCIEJOBAaHMUS POJEMOHCTPUPOBAIN NPSIMYIO CBSI3b  MEXIY
NoTpeOIeHuEM aHTUOMOTUKOB U TOSBIEHHEM U PACHpPOCTPAHEHHWEM YCTOMYMBBIX IITaMMOB
Oaxtepuil. MoOMIbHBIE TEHETUYECKHUE JIEMEHTHI, BKJIIOYas IUIa3MU/Ibl, HHTETPOHBI U Ipodaru
[9], cmoCOOCTBYIOT HanmpHEWIIEMY pPacHpOCTPAHEHUIO W TMPOABMIKEHUIO TEHETHYECKOU
PEKOMOMHALIMU AHTUOMOTUKOPE3UCTEHTHBIX T'€HOB IyTEM TOPU30HTAJIBHOIO MEpeHoca I'eHOB
(Tpancopmanuy, KoHbIOrauuu wWid TpaHcaykuuu)[10]. T'opu30oHTaNbHBIN NEepeHOoC T'eHOB
MOYKET TO3BOJIUTH IEPEAaBaTh YCTOMUMBOCTH K aHTHUOMOTHKAM MEXJy Pa3IHMYHbIMU BUIAMHU
OakTepuil. YCTOMUMBOCTH TakKe€ MOXKET BO3HHKATh CIIOHTAHHO B pe3yjbTaTe MYyTallUu.
AHTHOMOTUKH YCTPAHSIOT YyBCTBUTENBHBIX K JIEKAPCTBAM KOHKYPEHTOB, OCTaBJIsIsl yCTOWYMBBIE
OakTepuu I BOCIIPOM3BOJCTBA B X0j/€ ecTecTBeHHOTo oTOopa [11]. KnuHnuecku 3naunmas
YCTOMYUBOCTh K aHTUOMOTHKAM CBSI3aHA C YBEJIMYEHHUEM YMCJIA TOCIUTATU3AIUI MallueHTOB C
MH(QEKINUSIMH, BbI3BaHHBIMU TaKWMH YCTOMUYMBBIMH K aHTUOMOTHMKAM MATOT€HAMH, YTO MOXKET
OpUBEeCTH K HEIP(PEKTUBHOCTH JIEYEHHUS M CMEPTHOCTU H3-3a CHIDKEHHMS 3(PQPEeKTHUBHOCTH
TEepPaneBTUUECKOTO HCIOJb30BaHUs aHTHOMOTHKOB [12]. ExkxerogHo kommuecTBO HMHQEKIIHH,
BbI3bIBaEMbIX B EBpome OakTepusiMM C MHOXECTBEHHOHM JIEKapCTBEHHON YCTOWYMBOCTHIO
(manbonee yacto Staphylococcus aureus, Escherichia coli, Enterococcus faecium, Streptococcus
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pneumoniae, Klebsiella pneumoniae wu  Pseudomonas aeruginosa), oreHuBaeTCsS
npuomsuTenpHo B 400 000, a cmepreii - B 25 000 yenosek [13].

Hekotopbie o0macTu COBpPEMEHHON MEIWIMHBI 3aBUCAT OT Hamuuus 3S(PQPEKTUBHBIX
AHTUOMOTHKOB, TaK XMMHOTEPAIHUs Ul JCUCHUs paka, TPAHCIUIAHTALMs OPraHOB, ONepalus 1Mo
3aMeHe Ta300eqPEeHHOr0 CycTaBa, MHTCHCUBHAS TEparus JJIs HEJOHOIIECHHBIX HOBOPOXKICHHBIX
U MHOTHE JPyTue MEPOINPUATUS HE MOTJIH OBITh BBIMOJIHEHBI 6€3 (h(PEeKTUBHBIX aHTUOHMOTUKOB.
dakTryeck, MH(YEKINHU, BbI3BAHHBIC IITAMMaMH OAaKTEpHil ¢ MHOKECTBEHHOH JIEKapCTBEHHOM
YCTOMYHMBOCTBIO, SIBIISIFOTCS OJIHUMHU M3 OCHOBHBIX (haKTOPOB, BIUSAIOIIMX Ha 3a00JI€Ba€MOCTh U
CMEPTHOCTb  MALIMEHTOB, MOABEprarommxcs ATUM npouenypam. Otuer  Texacckoro
yHUBepcuTeTa, onyonukoBaHHbId B 2014 romy, Mmoka3an BBICOKWHA ypOBEHb YCTOWYMBOCTH K
AHTHUOMOTUKAM TpU WHQPEKIUAX Yy OHKOJIOTUYECKUX OOJBHBIX C HEUTpPONEHHEW, CBS3aHHOU C
xumuotepanueil. HenaBHee wuccnenoBanue BapiiaBckoro MEAMIIMHCKOIO YHHUBEPCHUTETA,
NOCBALICHHOE HWHQEKIUAM IOCIE OpPTOTONMMYECKOW TPAHCIUIAHTALMM T€YEeHH, I10KA3aIo
BBICOKYIO JIOJII0 HM30JISITOB YCTOMYMBBIX K aHTHOMOTHKaM Oaktepuii [14]. Wnbpekunw,
pacnpoCTpaHEHHbIE B OTIEJICHUSAX MHTEHCUBHOM Tepanuu HOBOPOXKIEHHBIX, CTAHOBUTCS BCE
TpyJHee, a MHOT/Ia U HEBO3MOXHO JeunTh [15]. Bunel cmagunoxoxkkos, B mnepByro ouepenb
S. epidermidis u S. aureus, Bbi3biBatoT 0k0si0 60—70% MH(EKIHUIA, U B 3TUX YUPEKICHHUAX OBLIH
3aperuCTPUPOBAHBI MHOTOUYHMCICHHBIC BCIIBIIIKK METHIIMIUIMH-PE3UCTEHTHOTO S. aureus [16].

HenpaBuibHO Ha3HAaYEHHbIE aHTUOMOTHUKH TaKXKe CIIOCOOCTBYIOT PAa3BUTHIO YCTOMUHMBOCTH
Oaxtepuii [17]. WccrnenoBanusi BBISBUIM, YTO TOKa3aHUS K JICYCHHIO, BBIOOP CpPEIACTBA HIIU
MPOAOJDKATEIIBHOCTh aHTHOaKTepranbHoi Tepanuu B 30—50% ciryuaeB HeBepHs [17,18]. Kpome
toro, ot 30% mo 60% aHTHOMOTHKOB, Ha3HAYAaEMBIX B OTHECJICHUSX WHTCHCUBHOW TEpaIHH,
OKa3aJIUCh HEHYXHBIMH, HETIOIXOIAIIMMHU WM HEONITUMAaJIbHbIMU [ 18].

Ornpenenenue pucka Juist 310pOBbs YEJIOBEKA, IIPEIHA3HAUEHHOE JIJIs1 OUEHKH BEPOSITHOCTU
3a005IeBaHUS W CMEpPTU B CBSI3U C MHQEKIUell, BbI3BAHHON aHTUOMOTHKOYCTONYMBBIMU
OaKTepUsMH, COCTOUT U3 YETHIPEX OCHOBHBIX JIEMEHTOB: UICHTU(PHUKAIMU OMACHOCTH, OILICHKU
BO3JECHCTBUS, OLICHKH «J103a-peaKLHs», u XapaKTEePUCTUKHU pHUcka [19].
AHTHOMOTUKOPE3UCTEHHbIE OaKTepU M TEeHbl YCTOMYMBOCTH K AaHTHOMOTHKAM ObLIN
IOpeJIOKEHbl KaK HOBBIE 3arpsA3HUTENN OKpYXAlolled cpelapl H3-3a  HEXeJlaTelabHOU
MOBBILIEHHON PACIPOCTPAHEHHOCTH, BBI3BAHHON JEATEIBHOCTHIO YEIOBEKA, U MOTEHIUAIBHON
yrpo3sl Iepefayu u3 OKpykarouieil cpensl uenoBeky [20]. Mcrounukamu HamOOIbILIETO
OpeMeHHU SIBJISIIOTCS CTOYHBIE BOJbI, cOpachlBaeMble M3 JOMOB M OOJBHMII, MPEIIPUATHH MO
MIPOU3BOJICTBY @aHTUOMOTUKOB U 3aTOHOB ISl )KUBOTHBIX [10].

[TorpeOuTenbckuil crnpoc Ha MNPUPOJIHBIE CPEACTBa OOpHObI C IMAaTOT€HAMU BMECTO
CUHTETMUYECKUX MHIIEBbIX KOHCEPBAHTOB M TPAJAUIIMOHHBIX aHTHOMOTHUKOB pacTeT. OCHOBHOE
BHUMaHUE B pa3pabOTKe allbTePHATUBHBIX Mep OOPHOBI C PE3UCTEHTHBIMU MUKPOOPTaHU3MaMHU
yaensieTcsl CTpaTerusiM ¢ MEXaHU3MaMu JICHCTBUS, OTJIWYHBIMU OT AHTUOMOTHKOB:
UCIIONB30BaHUIO0  OakTepuodaruy, MOHOKIOHAIBHBIX aHTHUTEN, BaKUWH, OaKTEPUOIIMHOB,
OMoJOrnvecKy akTUBHBIX BemecTB [21, 22]. [IpeuMyiecTBO UCHOIb30BaHUS OAKTEpUOParoB u
0OaKTEpHOILMHOB COCTOUT B UX HM30MPATENLHOCTH JEHCTBUS U, COOTBETCTBEHHO, BO3MOXHOCTU
BOCCTAHOBJIEHHSI HOPMAJILHOTO OMOIIEHO3a 0€3 HEraTUBHOTO BIMSHUS Ha TOJIE3HYI0 MUKPOOHOTY
opranusma. BHeapeHue B KIIMHUYECKYIO IPAKTUKY WHIMBUIYAIbHBIX MMOAXOA0B C IPUMEHEHUEM
[pernapaToB  COBMECTHO C  (YHKIUOHAJIbHBIMU  MPOAYKTaMH,  HOPMaJIM3YIOIUMU
MHUKPOIKOJIOTHUECKUE HAPYIIEHUS KHUIIEYHHUKA, IMO3BOJIMIO OBl TMOBBICUTH 3((HEKTUBHOCTH
Tepanuu OOJbHBIX MHPEKIUIMU CMEIIaHHOM aTnonoruu [23].

Benyrcs uccrienoBaHus aHTUMHUKPOOHBIX CBOMCTB MOJIOUHOKHCIBIX OakTepuil MpOTHB
AHTUOOTHKOPE3UCTEHTHBIX MaToreHoB. MonouHokucasie Oaktepun (MKDB) obmamaror
pa3MYHBIMH TPEUMYILECTBAMH B KayeCTBE MOTCHIUAIBHBIX NPOOMOTUKOB U MOTYT
paccMaTpuBaThCS B KauyecTBE ajJbTEPHATHUBbI AHTUOMOTHMKAM IpU MPOU3BOJACTBE MPOAYKTOB
*uBOoTHOro mpoucxoxaeHus. MKb - Oe3zomacHble MHUKPOOPTraHU3MBI, CIIOCOOHBIE IOAABIATH
BPEIOHOCHBIE MHUKpOOBI, NPOAYLUUPYS pa3inyHble MHrudupyoomue coeauHeHus. OHU
NPUBJIEKAIOT BCe OoJbIllee BHUMAHUE HCCIENOBaTesel, MOCKOIbKY HE TOJBKO MPEMSATCTBYIOT
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pPa3BUTHIO OaKTepUid, TPUOKOB M BUPYCOB, HO M 00JIaIaf0T aHTUMYTareHHOW aKTUBHOCTHIO [24] n
MOBBIIIAIOT UMMYHHBIN cTaTyc 4enoBeka [25-28], 4To yJauHO COYETaeTcsl ¢ UX HE3aMEHUMbIM
BKJIAJIOM B IPOU3BOJCTBO (PEPMEHTHUPOBAHHOM TMHUIIM C BBICOKUMH OHOJIIOTHYECKUMU
KayecTBaMH M TOBBIIICHHOW COXpaHHOCTBIO. [lpomynupyembie uMu  cinaOble OpraHUYEcKue
KHUCJIOTBI, TEPEeKHCh BOJOPOJAA, MUALETHI, OaKTePUOLMHBI, MENTUIbl U APYTUe COEeIUHEHUs
00TajafoT  BBIPQKCHHOW  AHTAarOHUCTUYECKOW  aKTHBHOCTBIO  [29-36].  MexaHu3MbI
MHTHOMpoBaHus natoreHoB npoduotnueckumu MKD BKITIOYAIOT MpOAYKLIHIO MHTHOUPYIOIIHUX
COCIMHEHUH, MPeIoTBpAIlleHHE are3UH MaTOTCeHOB, KOHKYPEHIMIO 32 MUTATEJIbHBIC BEIIECTBA,
MOJYJIALIMIO UMMYHHOM CHCTEMBI XO35MHA, YJIYYIIEHHE YCBOSEMOCTH MUTATEIbHBIX BEIECTB,
KOHBEPCHIO M CHI)KEHUE OMOOCTYITHOCTH TOKCHHA.

[TepopanbHoe BBeIcHHE MPOOMOTHYECKUX MOJIOYHOKHMCIBIX Oakrepuii Lactobacillus
plantarum, L. casei u L. fermentum ocnabnser nadekuuto Bupyca rpumnmna [37-39] u yMmeHbIaeT
YaCTOTY PECIHPATOPHBIX BUPYCHBIX MH(peknuii [40]. PaznuuHbie ucciaemnoBaTrend COOOIIMIA O
noreHnuanbHoM BiusiHu MKDB Ha cHmbkeHue pucka WHPEKIUH M KUIICYHBIX PAaCCTPOMCTB,
CBA3aHHBIX ¢ mnaroreHamu, takumu kak Salmonella spp., E.coli, Campylobacter wmm
Clostridium spp. MKB-1ipoOHOTHKH HCIOIB3YIOTCA B HMPOPHIAKTHUYCCKUX U TEPANIeBTUYCCKHUX
HeJsIX Ui JeUeHus] MH(PEKIUH, BbI3bIBaeMbIX 3TuMH natoreHamu [41]. [Ipobuotnueckue MKb
MPOJEMOHCTPUPOBAIIA CIIOCOOHOCTH MPHUKPEIUIATHCS K SMUTENNAIbHBIM KIETKaM KHILEYHUKA U
YMEHBIIATh KOJIOHH3AIHIO NMAaTOTeHHBIMA MUKPOOPTaHU3MaMH, a TaK)Ke MOBBIIIATH MTOKA3aTENN
poCTa ¥ yaydiaTh HMMYHHYIO CHCTEMY X03suHa [42-44].

MKDB noaxonsT juisi >KMBOTHOBOJICTBA B KaueCTBE NMPOOMOTHKOB M3-32 UX CIHOCOOHOCTH
U3MEHATH CPeNy KyJIbTHUBHUPOBAHUS, IIyTEM IMPOM3BOJACTBA PA3NIMYHBIX META0OIUTOB, BKIIIOUAs
IIMPOKHUI CIEKTP HHTUOMPYIOMKX BeiecTB[45,46].

XoTs g MOJOYHOKHUCIBIX OakTepuil Hambosiee XapakTepHa aHTHOAKTepHalbHas
aKTHBHOCTh, OCOOBIM MHTEpPEC MPEACTABISAIOT X MPOTHBOTPUOKOBBIC MeTaboauThl [33, 36, 47-
49]. AHTaroHUCTHYECKass aKTUBHOCTb B OTHOIICHHH JPOXKKEBBIX MUKPOOPTaHU3MOB OOBIYHO
MEHee BBIpDOKEHA, TeM HE MEHee, MMEIOTCS CBEICHHsS O IIOJABICHUH MOJIOYHOKHCIBIMU
OaKkTepUsMH POCTa YCIOBHO-TIATOT€HHBIX JApoxkei [50] unmm ux mepexoja K MHIIETHATBHON
dbopme u 0oOpa3oBaHHIO OWOIUICHOK. ECTh CBEACHUS O TOM, YTO MOJIOYHOKHCIIBIE OaKkTepuu
MHKPOOHOTHI ~ KOHTPOJHMPYIOT  KosoHm3ammio  ciusucteix  C. albicans,  gefictBys
aHTaroHuctudecku [51], a mpoaynupyeMble UMH METa0OIUTHI 00J1aat0T (YHTUCTATUUECKUMU
cBoiicTBamu [52-54], a TakKe HHTUOMPYIOT UX POCT MOJOOHO BPOKIEHHBIM UMMYHHBIM KJIETKaM
yenoBeka [55]. [IpobroTnyeckue Bumsl Lactobacillus criocoOHbr HapymmTh TUQQEpeHITPOBKY
kierok Oouorienku C. albicans u CHH3HMTH MX KOJNMYECTBO, KaK CEKPEIUeH IK30MEeTab0IUTOB,
TaKk U IyT€M MEXKJIETOUYHbIX B3auMmojehcTBuil [56]. IlpuMeHeHue B KOMIUIEKCHON cxeme
JieYeHUs] MPOOUMOTHYECKUX M AHTUMHKOTUYECKUX TIPernapaTroB CIOCOOCTBYET MOBBIIICHUIO
YPOBHSI MHAWTE€HHOM MHUKpPOOHOM (DJIOphl M CHMXKEHHIO YCIOBHO-IIATOT€HHOM OakTepHalibHO-
PUOKOBON MUKPOOHOTBI, TIOBBIIIIAET HMMYHOJIOTHYECKYIO PEaKTHBHOCTh opranu3ma [57-59].

[IpumeHeHne GaKTEPUOLMHOB MOJIOYHOKHCIBIX OaKTepHid IS JIeUeHHUs OaKTepHaIbHBIX
UH(pEKINHA, acCOUMHUPOBAHHBIX C AHTHOMOTHKO-PE3UCTEHTHBIMU IITAMMAaMH IAaTOTE€HHBIX
OakTepuii XOpomo cedsi 3apeKOMEHIOBAI0 KaK IMOTCHIMAIBHAS TEparieBTUYecKas CTpaTeTHus
00pbOBI C MHOXKECTBEHHOM JIEKAPCTBEHHON YCTOHYMBOCTHIO [22,59-62].

Ilo umoeam uccnedosanui, cambiii 3PpPeKTUBHBII coctaB st 6oprObl ¢ Salmonella spp.
coctosin u3 3upHoro mMacia TumbsiHa (1,0%) co cnenyrommu mrammamu MKB: Lactobacillus
plantarum LUHS122, Lactobacillus casei LUHS210, u Lactobacillus uvarum LUHS245[63]. B
HE/IaBHEM HCCIIEZIOBaHUM coolIaeTcss 00 MHrHOMpYIOIel akTUBHOCTH mTaMMa Enterococcus
faecium LCW44, BbIneleHHOr0 W3 ChIPOro BepOIIOKBEro MoJioka, mpotuB Listeria sp. u
Staphylococcus aureus [64]. Lactobacillus casei TN-2 , BoineneHHbIH U3 (pepMEHTHPOBAHHOTO
BEpOTFOKBET0 MOJIOKA TIOKa3aJl aHTUMHUKPOOHYIO aKTHBHOCTH INPOTHB KUULEYHOU NALOYKU W
30n10mucmozo cmaghunroxokka. OUUIIEHHBIA OakTepuolMH KazeMuuH TN-2, mpoaylnupyeMsblii
STHM IITAMMOM, TIPOSIBIISIT IMUPOKHH CITIEKTP aHTHMHKPOOHBIX CBOWCTB B OTHOIIICHUH TTATOT'CHOB
MUIIEBOTO MPOUCXOKICHHUS, BKIIFOUAsi HEKOTOPbIE YCTONYMBBIC K aHTHOMOTHUKAM IITaMMbI [65].
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Kpome toro, mramm Lactobacillus acidophilus AA105, BbiieIeHHBIH U3 CHIPOTO BEPOIIHOKBETO
MOJIOKa, cuiabHO wmHrHOuposan Staphylococcus sp., Bacillus sp., Salmonella paratyphi,
Shigella sp. u Escherichia coli [66]. Benmechernene u coasmopur [67] npoaeMoHCTpUpOBaIH
NPOTHBOMHUKPOOHYIO aKTHBHOCTh InTamMMa Leuconostoc mesenteroides, mpoaynupyroIero
Oaxtepuoiut, npotus Apyrux MKB, takux kak Lactobacillus sp., Lactococcus sp. 1 HEeKOTOPbIX
naToreHHsIX OakTepwii, Takux kak Escherichia coli, Staphylococcus aureus u Listeria sp. Psmom
aBTOPOB IMOKa3aHa BBICOKAs AHTATOHUCTHYECKAs AKTMBHOCTh MOJIOUHOKHCIBIX OakTepuil B
OTHOIIEHUU PE3UCTEHTHBIX (opM OaKTepUAIbHBIX MAaTOI€HOB: METHIMUIMH-YCTOHYUBOIO
sonomucmozo cmagunoxoxxa [68], E. coli [69], Enterococcus faecalis [70], Aspergillus flavus
[71].

UccnenoBanne MKDB nmeer Taxke OOJIbLION NMOTEHLMAT B CBSI3U C MPOTEOJIUTUYECKOU
AKTUBHOCTBIO MOJIOUHOKHUCIBIX OakTepuil M HpoAyKUHeH OHOaKTHBHBIX MHENTHIOB, KOTOPHIE
MOTYT OKa3bIBaTh CHHEPTeTUYECKUNA APPEKT B COUCTAHNUU C TPATUIMOHHBIMA aHTHOMOTHKAMHU.

OnHako HemaBHUE HcchenoBaHusl mnokazanu, 4yrto MKDB mnoreHimumanbHO MOTYT
pacIpoCTpaHsATh YCTOWYMBOCTh K aHTUOMOTHKAM 10 BCEH MUIIEBOM Henodke [72], Hampumep,
npuoOpeTaTh reHbl YCTOMYUBOCTH K AaHTUOMOTHUKAM OT YCTOMYUBBIX OAKTEPUIl B CBIPOM MOJIOKE
U BIIOCJIEACTBUM I€pEAaBaTb MOOWJIBHBIM I'€H YCTOMUMBOCTH JPYrMM OaKTepUsM BO BpPEMs
00paboTkM mHIIEBbIX NpoaykToB [73]. 3a mocneaHee MAecCATUIICTHE YCTOMYMBBIE K
antuonotukaM MKDB wacto BeIgensinch W3 (EPMEHTHPOBAHHBIX TPOIYKTOB, TaKHX Kak
MOJIOUHBIE MPOAYKTHI, BUHO U Msico [74]. Kpome Toro, Takyke coo01Ianock 0 reHaxX, yCTOHYUBBIX
K AaHTUOMOTHKaM, Ha KOHBIOIaTHBHBIX IUIa3MuAax win TpaHcno3oHax B MKDB, koropbie
MOTEHLMAIbHO MOTYT MPHUBOJIUTH K TOPU3OHTAJIHLHOMY MEPEHOCY TeHOB [75]. YcToWuuBBIE K
aaTuonotrnkam MKDB Obutm OoOHapyXeHbI C WCHoOJb30BaHWEM TmocienaoBarenpHocTel JITHK,
KOTOpBIE OTBEYAIOT 32 MPU3HAKU YCTOWYMBOCTH K aHTHOMOTHKaM. EQervirn m coaBtopsl [76]
COOOIIMIIN O MOSIBJICHUU YCTOHYMBOCTH K aHTHOMOTHKaM y Lactobacillus reuteri u L. plantarum.
Kpome Ttoro, coobmaercs, uro Lactobacillus, Pediococcus u Leuconostoc spp. oGmamaror
BBICOKOM yCTOMYMBOCTBIO K BAHKOMULIMHY [77], @ HEKOTOPbIE JTAKTOOALINIIIBI BBICOKOYCTOWYUBBI
K OanurpanuHy, HEPOKCUTUHY, LUNPO(IOKCALUHY, (Y3UI0BOH KHUCIOTE, CTPENTOMHIIMHY,
cynbdaanaszuy, TEHKOIUIAaHWHY U BaHKOMHIMHY [78]. bonblmas gacTe 3aperucTpupoBaHHBIX
MKB, ycToiuMBBIX K aHTHOMOTHMKaM, ObLa BbIAENEHA W3 MHUIIEBBIX HCTOYHUKOB. OHU
BKJIIOYAIOT B ce0s HauOoyiee YacTO UCIOJIb3yeMble NPOOMOTHYECKHE BHUJBI, TAKUE Kak
Lactobacillus casei, L.acidophilus, L. reuteri mnu L. rhamnosus wnm OakTepuu HOTypTOBOIL
3akBacku L. delbrueckii [79 — 81].

['moGanpHbpli  POCT  AHTUOMOTHKOPE3UCTEHTHOCTH MATOT€HHBIX MHMKpPOOPTaHU3MOB
MOMYEPKUBAET HEOOXOAMMOCTh  pa3padOTKU  aJbTEPHATUBHBIX WM  JIOTOJIHHUTEIbHBIX
MPOTUBOMHUKPOOHBIX cTpaTeruil. OrpaHu4eHus, CBI3aHHbIE C aHTHOMOTHKOB HOBOTO TTOKOJICHHUS,
IPUBEJIN K OTHOCUTEIBHOMY OTCYTCTBHIO 3((EKTUBHBIX BApHUAHTOB Ha PBIHKE U BBIHYAWIU
MCKaThb HOBBIE aJbTEpPHATHBBI. B HacTosIiee BpeMsl MPOBOASATCS MHOTOYUCIICHHBIE Hay4HbIE
UCCJIEIOBAHMSI JIUIsl OLIEHKM aHTUMHUKpPOOHOTO MOTEHIMalla Pa3IMYHBbIX BEIIECTB, (HOPMYN WU
AaKTUBHBIX MHTPEIUEHTOB, B TOM YKCie, 0co00e BHUMaHue npubiekatoT k cebe MKDB, kotopsie,
MOKA3bIBAIOT aKTUBHOCTh MPOTUB PE3UCTEHTHBIX (hopM OakTepuanbHbIX NaToreHoB. OJIHAKO 3TH
MUKpPOOPTraHM3Mbl ~ TakK€  MOTYT  BHOCUTb  BKJIaJ B  paclpoOCTPAaHEHHUE  TI'E€HOB
AHTUOMOTHUKOPE3UCTEHTHOCTH, O3TOT  (aKTOp  CleayeT y4uThiBaThb MpH  pa3paboTke
pOOMOTUYECKHX MpenapaToB U MUIIEBBIX 3aKBACOK.
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Tyiiin

MukpoopraHu3MAep/IiH aHTHOMOTHUKKE TO3IMILUTITI - 21 FachIpABIH €H YJIKeH Ipo0ieManapbiHbIH
Oipi. bypeiH THiMAI aHTHOMOTHKTEPAIH KOMIILUTr TO3iMII MHUKPOOTHIK INITaMAApABIH KEH TapairyblHa
OailylaHBICTBI KOJJIAHBLIMAMIbl. Te3iMai opraHu3MACPHiH OapiblK Kepie Ke3AeceTiHAiri Oipkarap
Makajanap/ia KepceTulreH. bakrepusnapaplH aHTHOMOTHUKKE TO3IMAUIITI SIHIEMHUOIOTHSIIBIK JTCHTeH e
oTe OeliceHAl 3epTTenynae, oJIIeHy e koHe Oakpuianyaa. CYTKBIIKBUIIR OakTephsuIapAblH MHKPOOKa
KapCchl KACHUETTEPIH 3ePTTEyre epeKile Hasap ayAapbliajibl, OUTKEHI, OJapAblH aHTHOMOTUKKE TO3IM/Ii
KO3ABIPFBIITAPBIMEH KYPECY Kypallbl PeTiHAC op TYPJl apTHIKIIBLIIBIKTApBI O0ap.
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LACTIC BACTERIA AGAINST ANTIBIOTIC-RESISTANT PATHOGENS
https://doi.org/10.53729/MV-AS.2021.01-02.01

Summary

Antibiotic resistance of microorganisms is one of the greatest challenges of the 21st century. Many
of the previously effective antibiotics are no longer applicable due to the widespread prevalence of
resistant microbial strains. The ubiquity of resistant organisms is revealed in a number of articles.
Bacterial resistance to antibiotics is very actively researched, measured and monitored at the
epidemiological level. Particular attention is paid to the study of the antimicrobial properties of lactic acid
bacteria, since they have various advantages as a means of combating antibiotic-resistant pathogens.

Key words: antibiotic-resistant pathogens, drug resistance, antibiotics, lactic acid bacteria.

Antimicrobial resistance has become a major safety concern for humankind. Antibiotic
resistance of microorganisms is developed with constant exposure to antimicrobial drugs.
Disease-causing microorganisms (bacteria, fungi, viruses and parasites) acquire resistance to
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antimicrobial drugs (antibiotics, antiviral and antifungal drugs and other antimicrobial agents),
being constantly exposed to them[1-4]. The crisis of antibiotic resistance is associated with the
overuse and misuse of these drugs [5-8]. And as a result of the adaptation process, some
microorganisms can survive and propagate in the presence of an antimicrobial drug, which,
under normal conditions, inactivates them.

Epidemiological studies have shown a direct link between antibiotic consumption and the
emergence and spread of resistant bacterial strains. Mobile genetic elements, including plasmids,
integrons and prophages [9], contribute to the further spread and advancement of genetic
recombination of antibiotic-resistant genes through transformation, conjugation or transduction,
which are collectively called horizontal gene transfer [10]. Horizontal gene transfer can allow the
transfer of antibiotic resistance between different bacterial species. Resistance can also arise
spontaneously as a result of mutation. Antibiotics eliminate drug-susceptible competitors,
leaving resistant bacteria to reproduce by natural selection [11]. Clinically significant antibiotic
resistance is associated with an increase in the number of hospitalizations of patients with
infections caused by such antibiotic-resistant pathogens, which can lead to treatment failure and
death due to a decrease in the effectiveness of therapeutic use of antibiotics [12]. The annual
number of infections caused by multidrug-resistant bacteria in Europe (most often
Staphylococcus aureus, Escherichia coli, Enterococcus faecium, Streptococcus pneumoniae,
Klebsiella pneumoniae and Pseudomonas aeruginosa) is estimated at approximately 400 000,
and deaths at 25 000 [13].

Several areas of modern medicine depend on the availability of effective antibiotics, such
as chemotherapy for cancer, organ transplants, hip replacement surgery, intensive care for
premature infants, and many other interventions could not be performed without effective
antibiotics. In fact, infections caused by strains of multidrug-resistant bacteria are among the
main factors influencing the morbidity and mortality of patients undergoing these procedures. A
2014 report from the University of Texas showed high levels of antibiotic resistance in infections
in cancer patients with chemotherapy-associated neutropenia. A recent study by the Medical
University of Warsaw on infections after orthotopic liver transplantation showed a high
proportion of isolates of antibiotic-resistant bacteria [14]. Infections common in neonatal
intensive care units are becoming more difficult and sometimes impossible to treat [15].
Staphylococcal species, primarily S. epidermidis and S. aureus, cause about 60-70% of
infections, and numerous outbreaks of methicillin-resistant S. aureus have been reported in these
institutions [16].

Inappropriate antibiotics also contribute to the development of bacterial resistance [17].
Studies have shown that the indications for treatment, the choice of means or the duration of
antibiotic therapy in 30-50% of cases are incorrect [17, 18]. In addition, 30% to 60% of
antibiotics prescribed in intensive care units have been found to be unnecessary, inappropriate, or
suboptimal [18].

The human health risk assessment, designed to assess the likelihood of illness and death
due to infection with antibiotic-resistant bacteria, consists of four main elements: hazard
identification, exposure assessment, dose-response assessment, and risk characterization [19].
Antibiotic-resistant bacteria and antibiotic resistance genes have been proposed as new
environmental pollutants due to the unwanted human-induced increased prevalence and the
potential threat of environmental transmission to humans [20]. The sources of the greatest
burden are wastewater discharged from homes and hospitals, antibiotic factories and animal pens
[10].

Consumer demand for natural remedies to combat pathogens instead of synthetic food
preservatives and traditional antibiotics is growing. The focus in the development of alternative
measures to combat resistant microorganisms is on strategies with mechanisms of action other
than antibiotics: the use of bacteriophagy, monoclonal antibodies, vaccines, bacteriocins,
biologically active substances [21,22]. The advantage of using bacteriophages and bacteriocins
lies in their selectivity of action and, accordingly, the possibility of restoring normal biocenosis
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without negatively affecting the beneficial microbiota of the body. The introduction into clinical
practice of individual approaches with the use of drugs together with functional products that
normalize microecological disorders of the intestine would increase the effectiveness of therapy
for patients with infections of mixed etiology [23].

Research is underway on the antimicrobial properties of lactic acid bacteria against
antibiotic-resistant pathogens. Lactic acid bacteria (LAB) have various advantages as potential
probiotics and can be considered as an alternative to antibiotics in the manufacture of animal
products. LAB are safe microorganisms capable of suppressing harmful microbes by producing
various inhibitory compounds. They are attracting more and more attention of researchers, since
they not only prevent the development of bacteria, fungi and viruses, but also have
antimutagenic activity [24] and increase the human immune status [25-28], which is successfully
combined with their irreplaceable contribution to the production of fermented food with high
biological qualities and increased safety. The weak organic acids, hydrogen peroxide, diacetyl,
bacteriocins, peptides and other compounds produced by them have a pronounced antagonistic
activity [29-36]. The mechanisms of pathogen inhibition by probiotic LAB include the
production of inhibitory compounds, prevention of pathogen adhesion, competition for nutrients,
modulation of the host immune system, improvement of nutrient absorption, conversion and
reduction of toxin bioavailability.

Oral administration of probiotic lactic acid bacteria Lactobacillus plantarum, L. casei, and
L. fermentum attenuates influenza virus infection [37-39] and reduces the incidence of
respiratory viral infections [40]. Various researchers have reported on the potential effect of
LAB in reducing the risk of infections and intestinal disorders associated with pathogens such as
Salmonella spp., E. coli, Campylobacter or Clostridium spp. LAB probiotics are used for
preventive and therapeutic purposes to treat infections caused by these pathogens [41]. Probiotic
LAB have been shown to attach to intestinal epithelial cells and reduce colonization by
pathogenic microorganisms, as well as increase growth rates and improve the host immune
system [42-44].

LAB are suitable for animal husbandry as probiotics due to their ability to change the
culture environment by producing various metabolites, including a wide range of inhibitory
substances [45,46].

Although antibacterial activity is most characteristic of lactic acid bacteria, their antifungal
metabolites are of particular interest [33,36,47-49]. Antagonistic activity against yeast
microorganisms is usually less pronounced; nevertheless, there is information about suppression
of opportunistic pathogenic yeast growth by lactic acid bacteria [50] or their transition to
mycelial form and biofilm formation. There is evidence that lactic acid bacteria of the microbiota
control the colonization of mucous membranes of C. albicans, acting antagonistically [51], and
the metabolites they produce have fungistatic properties [47-49], and also inhibit their growth
similar to innate human immune cells [55]. Probiotic Lactobacillus species are capable of
disrupting the differentiation of C. albicans biofilm cells and reducing their number, both by the
secretion of exometabolites and by intercellular interactions [56]. The use of probiotic and
antimycotic drugs in a complex treatment regimen promotes an increase in the level of
indigenous microbial flora and a decrease in opportunistic bacterial-fungal microbiota, and
increases the body's immunological reactivity [57-59].

The use of bacteriocins of lactic acid bacteria for the treatment of bacterial infections
associated with antibiotic-resistant strains of pathogenic bacteria has proven itself as a potential
therapeutic strategy for combating multidrug resistance [22,59-62].

According to the research results, the most effective formulation for combating Salmonella
spp., consisted of essential oil of thyme (1.0%) with the following LAB strains: Lactobacillus
plantarum LUHS122, Lactobacillus casei LUHS210, and Lactobacillus uvarum LUHS245 [63].
A recent study reports the inhibitory activity of Enterococcus faecium LCW44 isolated from raw
camel milk against Listeria sp. and Staphylococcus aureus [64]. Lactobacillus casei TN-2
isolated from fermented camel milk showed antimicrobial activity against E. coli and
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Staphylococcus aureus. The purified bacteriocin caseicin TN-2 produced by this strain exhibited
a wide range of antimicrobial properties against foodborne pathogens, including some antibiotic-
resistant strains [65]. In addition, the Lactobacillus acidophilus AA105 strain isolated from raw
camel milk strongly inhibited Staphylococcus sp., Bacillus sp., Salmonella paratyphi, Shigella
sp. and Escherichia coli [66]. Benmechernene et al. [67] demonstrated the antimicrobial activity
of the bacteriocin-producing Leuconostoc mesenteroides strain against other LAB, such as
Lactobacillus sp., Lactococcus sp. and some pathogenic bacteria such as Escherichia coli,
Staphylococcus aureus and Listeria sp. A number of authors have shown a high antagonistic
activity of lactic acid bacteria against resistant forms of bacterial pathogens: methicillin-resistant
Staphylococcus aureus [68], E. coli [69], Enterococcus faecalis [70], Aspergillus flavus [71].

LAB research also has great potential in connection with the proteolytic activity of lactic
acid bacteria and the production of bioactive peptides, which can have a synergistic effect in
combination with traditional antibiotics.

However, recent studies have shown that LAB have the potential to spread antibiotic
resistance throughout the food chain [72], for example, acquire antibiotic resistance genes from
resistant bacteria in raw milk and subsequently pass the mobile resistance gene to other bacteria
during food processing [73]. Over the past decade, antibiotic-resistant LAB have often been
isolated from fermented foods such as dairy products, wine, and meat [74]. In addition,
antibiotic-resistance genes on conjugative plasmids or transposons in the LAB have also been
reported, which can potentially lead to horizontal gene transfer [75]. Antibiotic-resistant LAB
have been detected using DNA sequences that are responsible for the signs of antibiotic
resistance. Egervérn et al. [76] reported the emergence of antibiotic resistance in Lactobacillus
reuteri and L. plantarum. In addition, Lactobacillus, Pediococcus and Leuconostoc spp. are
highly resistant to vancomycin [77], and some lactobacilli are highly resistant to bacitracin,
cefoxitin, ciprofloxacin, fusidic acid, streptomycin, sulfadiazine, teicoplanin, and vancomycin
[78]. Most of the reported antibiotic resistant LAB have been isolated from food sources. These
include the most commonly used probiotic species such as Lactobacillus casei, L. acidophilus, L.
reuteri or L. rhamnosus, or L. delbrueckii yoghurt starter bacteria [79-81].

The global increase in antibiotic resistance of pathogenic microorganisms underlines the
need to develop alternative or complementary antimicrobial strategies. The restrictions
associated with next-generation antibiotics have resulted in a relative lack of effective options on
the market and forced the search for new alternatives. Currently, numerous scientific studies are
being carried out to assess the antimicrobial potential of various substances, formulas or active
ingredients, including the special attention attracted by the LAB, which show activity against
resistant forms of bacterial pathogens. However, these microorganisms can also contribute to the
spread of genes for antibiotic resistance, this factor should be taken into account when
developing probiotic preparations and food starters.
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