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Anomauisn. Ilpucymuicmo aumubiomuxis i cmiluKux 3a1UUKI8 NPOMUMIKPOOHUX Npenapamis
8 HABKOMUWHbOMY cepedosuwii Oyna ma 3a1UuaEmMsbcs KPUMUYHOK eKON02IYHOI0 NpooaemMoro 00
AKOI npukyma yeaea Haykosyie ecvoco ceimy [1]. AxmyanvHicms O0anoi npobiemu nos’ssauna 3
WUPOKUM  PO3NOBCIOONCEHHAM MA YUPKYIAYIEID 6 PIZHUX eKOJO2IYHUX HIWax CMmIiuKux oo
anmubiomuxie  wmamie  Mmikpoopeanizmie. Ha  cvoeoouniwmiti  dewv, BOO3  gionecia
anmuobiomuxopezucmeumui (AP) mikpoopeanizm 0o kpati Hebe3neunux daxkmepii, wjo CK1adaomy
ceplio3Hy 3azpo3y 0Js 300p0o8’s dcmea ma cmanocmi exocucmemu. Aoogce, Oaui 6axmepii
807100i10Mb YHIKAILHOW 30AMHICMIO UBUOKO PO3ZMHONCYBAMUCH, CHIPIMKO PO3NOBCI00HCYBAMUCDH
ma 00820mpusano 30epiecamuct 8 eKOoCUCMmeMax, 3aumaroyu OoMiHylue Micye Hao [HWUMU
baxkmepisamu, a pe3yibmam namo2eHHoi 0ii maxKux MiKpOOpeauizmie 3a c80im pYUHIBHUM egheKkmom
npesantoe HA0 NAMO2eHHOI Oi€l0 0eaKux 0azamvoX MOKCUYHUX 3AOPYOHIOIOUUX DPEYOBUH, WO
nOmMpaniisitoms 00 HABKOIUWHbO20 cepedosuwia [2]. 3a oanumu 36imy IACG (Interagency
Coordination Group On Antimicrobial Resistance), 0o 2025 p. wopiuna cmepmuicms, 00ymMosieHa
anmuobiomuxope3ucmeHmuumu mikpoopearismamu (APM) 6yoe cknadamu 50 minvtionie y pix [1].
Tomy, 6Kpail 6ax)ciuso OOCHIOHCY8AMU KPUMUYHI KAme20pii eKOI02IUHOI cucmemu, AKi CApUsoms
NOWUPEHHIO CIMIUKOCIE 00 AHMUDIOMUKIE ceped Namo2eHHUx ma HenamozeHHux oaxkmepiu [3].

Kniouosi cnosa: ammubiomuxu, awmubiomuKope3ucCmeHmui 0Oaxkmepii, HABKOIUUHE
cepedosuuye, 2eHU pe3UCmeHmHOCHIL.

Berym.

Bruus ypOanizariii Ha HaBKOJIUIITHE CEPEOBUINE CIIPUYUHUB TMOSBY YACIECHHUX
HETaTUBHUX HACIIJKIB B €KOCHCTEMI BHACIIAOK 3a0pyIHCHHS IPYHTY Ta BOJIHU.
[IIupoxomacmrabue, O€3KOHTpPOJIBHE 1, B 0araThbOX BHUIAIKAX, HEBUIPABIAHE
BUKOPUCTAHHA aHTUOIOTHKIB B MEAMIINHI, CUIBCHKOMY TOCIIOJAPCTBI Ta Xap4OBii
MIPOMUCIIOBOCTI, MIPU3BEJIO 0 CYTTEBUX MOPYILIEHb CTPYKTYPH MIKPOOHOI CHIIBHOTH
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JOBKIJUISI, 10 TPOSBISETHCS 3MEHIICHHSIM KUIBKOCTI, CKJIaJly Ta CIiBBIJHOIICHHS
OCHOBHHMX EKOTPO(GHHUX TPyH MIKPOOPTaHI3MIB Ta IMOSBOIO OaKTEpiil, CTIMKUX 0
anTuoOioTHKIB [4,5].

OCHOBHHUI1 TEKCT.

[IpucyTHICTh PI3HOMAHITHUX META0OMITIB AHTHOIOTUKIB y HAaBKOJIHMIIHbOMY
CEPENOBHUIIll TPU3BOANTH JO PO3BUTKY aHTHOIOTUKOPE3MCTEHTHOCTI OaKTepiid
noBkuwiA. JloBroTpuBana aisi aHTHOAKTeplalbHHX IMpernapaTiB Ha OakTepianbHi
KJIITUHU TPUIIBHUANIYE TOPU3OHTAJIBHUM TMEPEeHIC TeHIB PE3UCTEHTHOCTI MIXK
(b1IOreHeTUYHO BiJIaJICHUMHU OAKTEPIsIMU, @ TAKOXK, HEIMAaTOT€HHUMHU 1 TaTOT€HHUMHU
OaktepisiMmu. B cBoro uepry, OakTepii 30BHIIIHIX €KOCUCTEM IIPU TMOTPAIUISTHHI B
OpraHi3M JIOJUHU, HANpUKIAJ, 3 DKe abd0 BOAOI0, 3 JIETKICTIO MepeNaloTh T'€HU
aHTUO10TUKOPE3UCTEHTHOCTI MPEJACTaBHUKAM MIKpOOIOMY JIFOJMHH, [0 TMTPU3BOJUTH
10 (hopMyBaHHS B OpraHi3Mi cTilikoro 6akrepionociiictea APM [5,1]. JloBeaeno, 1o
cyOiHTri0yr04i KOHIIEHTpaIlii aHTUOIOTHKIB MOXYTh JISITH SK CUTHAJIBbHI MOJIEKYJIH,
[0 BUKJIMKAIOTh 3]IBUT B €KCTpecii OakTepiaIbHUX TeHIB, BIIMOBITATBLHUX 34 TIPOSB
BIpYJICHTHOCTI, (hOpMyBaHHS O10TITIIBOK Ta MOAYJIAII aKTUBHOCTI 1HIIHX TeHiB [1].

3a JmiTepaTypHUMH JAaHUMH, OCHOBHUM pKepernoM AP maroreHHux OakTepiii B
HaBKOJHUIITHBOMY CEPEIOBHUIII € CTIYHI BOJHM, OCOOJMBO JIIKYBaJbHHX-MEIUMIHHUX
3aknamiB [2]. JlomaTkoBor TpoOIEMOI0 TpH I[bOMY CTAa€ HEMpaBWIbHA YTHITI3aIlis
HEBUKOPUCTAHUX Ta MPOCTPOUYCHUX AHTUOIOTHKIB, SIKI YacTO BHUKUAAIOTHCS B
Ka”am3amito. Tak, B CTIYHMX BOJaX TaKUX KPUTHUYHHUX MIAIPUEMCTB  SIK
(dapMalnieBTUYHI 3aBOAM Ta TBAapUHHUIIBKI (EepMH B aKBa3pa3Kax MOCTIHHO
BUSIBJISIIOTBCS PI3HI KOHIIGHTpaIlli aHTHOakTepialbHUX TmpemnapariB. Hampukian,
CTIYHI BOJMU JESKUX (papMaleBTUYHUX 3aBOJIB [Hii micTaTe mpubnauzHo 30 Mr/n
rurnpodaokcanuHy. B pe3ynbTari M0JIGHHOTO BUKHY TEBHOI KUIBKOCTI KiJOTpaMiB
I[bOTO AHTHOI0THKA, HOTr0 KOHIIEHTpAllls B MOPs] pO3TAalIOBaHUX 03epax aocarae 6,5
mr/n [1]. Kpim Toro, mo craHIiii OYHWINEHHS CTIYHMX BOJ TOTpAIUIsie Baroma
KOHIICHTpaIlis pisHOMaHITHUX AP OakTtepiil, cepea SIKUX OCOOJMBY HeEOE3MEeKy
CKJIQJIal0Th aHTHUO10TUKOCTINKI (PeKaabHI Ta KOMEHCAIbHI 0aKTepii, M0 BUSIBISIOTHCS
y TAIli€HTiB, SKI MPOXOAATh KypC aHTHOIOTHKOTepamii B MEIUYHHX 3aKjIajiax.
Hanpuknan, B CIIA, wMernmwmH-pe3sucteHTHul — Staphylococcus — aureus
HEOJHOPA30BO BHSBJISBCS B CTIYHMX BOJIaX YOTHPHOX OYMCHUX CTaHINH, KyAH
HAIXOMWIM BOAM 3 JIKyBalbHUX 3akianiB [6]. [loTpamistoun B HABKOJUIITHE
Cepe/loBUIle, TaKl IITaMHd pPeagi3oBYyIOTh OOMIH TE€HETHMYHOK iH(opMmallieo 3
HOpMaJIbHOIO MIKp0OioTOI exocuctemu. Hampukian, B Edionii B cTiuHMX Bojax Ta
00’€KTaX  HABKOJHUIIHBOIO CEPEJOBHUINA BUIUISIM MYJIbTUPE3UCTEHTHI KIIIHIYHI
mramu  Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus,
Klebsiella spp. Ta Salmonella spp. [2]. 3rinHo aBTOpiB, 70% BUALIEHUX 3 00’ €KTIB
JNOBKULISA mTamiB E.coli XapakTepu3yeTbCsi  CTIMKICTIO A0 TeTpauukiiny, 98%
BUSIBJICHMX MIKPOOPTaHI3MIB CKJIQJal0Th aHTUOIOTHKOPE3UCTEHTHI TeTepoTpodHi
Oakrepii, 3 skux 35% cTiliki 70 aHTUOIOTHUKIB nOekinbKkoX Tpyn [5]. HeoOximHO
3a3HAYUTH, [0 HE3aJeKHO BiA PIBHI EKOHOMIYHOTO PO3BHUTKY KpaiHW,
HEJIOTPUMAHHS  cTparerii  HEPO3MOBCIOJUKCHHS  aHTHOIOTUKOPE3MCTECHTHOCTI
MPU3BOJUTH 10 TOTPAIUISHHS CTIHKHUX IITaMiB B HABKOJIMIITHE CEPENOBUIIE, Y T.4., B
ctiuai Boau [2, 6]. Tak, B criunux Bomax Cximuoi Asii, IliBHiuHOT AMepuKH,
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€Bporn Ta ABcTpanii Oyyno BHUSBIEHO 56 aHTHOAKTEplaibHUX IMperapariB IIECTH
PI3HHX KJaciB Ha KUIBKICHUX PIBHSX BiJ HI/1 A0 MKr/i1. Bimomo, mio mporecu
OYMCTKH CTIYHHUX BOJ TIOBHICTIO HE 3HENIKO/KYIOTh a Hi aHTHOIOTHKH, a Hi
aHTUOI0TUKOPE3UCTEHTHI OakTepii 3 ix reHamu. B pesynbrari, 3a0pymaHeHa Boja
HAJXOJUTh y BIIKpUTI OaceiHH piK, 03€p, MOPIB TOIIO 1 CTAHOBUTH HEOE3MEKY IS
3II0POB’S JTIOJIMHU, KA MATAEThCA pU3UKy 3apasutucs AP indexiiero mpu KOBTaHHI
Ta BIWXaHHI aepo30JiB TiJ 4Yac KYIMaHHS, BOJHUX 3MaraHb, ab0 CHOXHMBaHHI
3pOITYBAaHUX XapUYOBHUX MPOAYKTIB [6, 5].

3HayHy posib B (hOpMYyBaHHI Ta Iepeadl CTIMKOCTI A0 aHTHOIOTHUKIB Biirpae
HepallloHaJIbHe BUKOPUCTAHHS OCTAHHIX B CLIBCBKOTOCIOJAPCHKINA MPOMUCIOBOCTI,
BHACHIIOK 4oro AP mramMu BUSABISIOTBCA B IIMTHIM BOJI, MOJIOII Ta B M SICHHX
POJIYKTaX, BUPOOJIEHHUX 3 M’sica CBHUHEH, KPYITHOTO poraToro ckoTa i nruii. Tak, B
PyMyHii ipu JoCHiIKEHHI CUpOro Kypsiyoro m’sca, B 13% npo6 Oyina BusiBiena AP
Salmonella. KpuTu4HICTh TIONSATa€E B TOMY, IO B EKOCHUCTEMI CalbMOHEIH €
pe3epByapoM T'eHiB, SIKi BU3HAYAIOTh PE3UCTEHTHICTh B 66,6% 10 TETpaIUKIIHY, B
64,3% — nmo cynasdamerokcazony, B 61,9% — no munpodaokcanuny, B 33,3% — 1o
TpuMeTonpumy, B 9,5% — no amminuniny, B 7,1% — no xnopamdenikony ta 2,4% B —
1o reHTaminuny [1].

Baromy Hebesmneky ckirajiac BAHUKHEHHS Pe3UCTEHTHOCTI O0aKkTepiit de novo, 1o
BHACIIIJIOK TEHHUX MYyTariii (opMyeThCS B MIKPOOPTaHi3Max, sKi JO I[bOTO Oyim
YYTIMBUMH JIO TIEBHOT'O aHTHOI0THKA. KpUTHYHICTE TaKUX MyTarlliil de novo mnoisrae
B TOMY, III0 YyTJIUBI O aHTUOIOTHKIB OaKTEpii 3 JETKICTIO CTalOTh PE3UCTEHTHUMH 1
IIBUIKO PO3MOBCIODKYIOTHCS B HABKOJIUIITHBOMY CEPEIOBHIII, a TIOTIM OTPAILISIOTh
B OpraHi3M JIOAUHU [7]. SIcKpaBUM MPUKIAAOM TaKOTO MPOIIECY € PO3MOBCIOHKCHHS
re”Hy mcr-1, sskuii Hajae CTIMKICTh OakTepisiM A0 KomicTuHy. [Ipumyckaerbes, 110
Taka MyTallis de novo BIepiie BUHUKIA B KuTal BHACIiJOK MIMPOKOTO BUKOPUCTAHHS
KOJIICTUHY Ha CBHHApChKuX (pepmax [1]. 3Bakatoum Ha TOW (akT, IO KOJICTUH Ha
CHOTOIHINIHIN JIEHh € TpenaparoM pe3epBy MpHU JIKyBaHHI y JIIOJAWHH 1HQEKIIIH,
00OyMOBJICHUX TPaMHETAaTUBHUMH OaKTEPIsIMHA, B MEIUYHOMY CYCIUJIBCTBI BHUHUKAE
3aHEMOKOEHICTh MOKIIMBICTIO TI0/IAJIBIIIOI0 BUKOPHUCTAHHS JTAaHOTO aHTHOI0THKA [8].

Takox, BimomMo, MmO BaroMuii BIUIMB Ha (OpPMYyBaHHS OaKTepiaabHOI
AHTUOIOTUKOCTIMKOCTI B  HABKOJUIITHHROMY CEPEAOBHWINI BIAITPAE  EKOJIOTIYHA
3a0pyHEHICTh, SIKa TMOB’A3aHa 13 MIBUAKUMHU TEMIIAMH PO3BUTKY 1HIyCTpiami3arlii.
Cawme 1HIyCTpiaizallis cIyrye NpUUUHOIO PSITY €KOJIOTIYHUX MPoOJieM, cepell SKUX —
3a0pyIHEHHS JOBKUUIA BaXKUMHU MeTanaMu. [[oBefeHo, 10 HaJJIMIIOK B TPYHTI
BOXKHUX METAIIB 3MIHIOE PI3HOMAHITHICTh CKJaJay IPYHTOBOTO MiKpoOiomy Ta
BIUIMBa€E Ha O10JIOT1YHI BJIACTUBOCTI NPEACTaBHHUKIB MIKpOOHOI criuibHOTH. Ilif
JOBrOTPUBAJIMM TPECUHIOM 3aJIMIIKOBUX KOHIEHTpAIliil MeTaniB, B OaKTepisix, 110
nepeOyBalOTh B CTaHI CTPECY, BIIOYBAIOTHCS MEBHI MYyTallii, OB s3aH1 3 PO3BUTKOM
pe3ucTeHTHOCTI 70 aHTuO10THKIB [9]. ToMy, Kpail BaXIHBO MNPUIUIATH HAICKHY
yBary TPOBEICHHIO JOCHTI/DKEHb BIUIMBY BaXXKMX MeETaliB Ha (OpMyBaHHS
aHTUO10TUKOPE3UCTEHTHOCTI OaKTepiu.

CycIiIbCTBY HEOOXITHO 3pO3YMITH, IO MIMPOKOMACIITA0HE BHKOPHUCTAHHS
aHTHOAKTEplaTbHUX MPETapaTiB MPUIITBUIIITYE €BOJIONII0 aHTHOI0THKOPE3UCTEHTHUX
OakTepiii HAaBKOJUIITHLOTO CEPEJIOBUINA Ta MIJBUIIYE PU3UK Mepeaadl eKOJIOTTIHOTO
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pe3ucToMy JrOauHI. KPUTHUYHICTE JAHOTO PH3UKY CHOTOJHI MiATBEPIKYETHCS
MEepPeBAXKAHHSM TOKA3HUKIB 3aXBOPIOBAHOCTI Ta CMEPTHOCTI, CHPHUYUHCHUMH
MIKpOOpTaHi3MaMH, CTIMKMMH 10 aHTHUOIOTHKIB, HAJ| aHAJOTIYHUMH IMOKa3HUKAMH
npu BIJI, paky mpocrtatu 1 paky rpynei pazom B3satux [1, 10].

BucHoBkwu.

1. AHTHOI0THKOPE3UCTEHTHICTD SBISIETHCSI BCECBITHROIO TII00ATBLHOIO 3aTPO3010
3I0pPOB’I0 JIIOJIEH, fKa CHPUYMHIOE BKpail KPUTHUHY MpoOiemy s e(peKTHBHOT
aHTHOIOTHKOTEpamii XBOPUX Ta YHEMOXXJIMBIIOE HaJaHHS HAJIEKHOI MEIUYHOI
JOTIOMOTH.

2. JloTpuMaHHs CTpaTerii HEpO3MOBCIOKeHHSI AP 1mTaMiB B HABKOJIUIITHHOMY
CepeIOBHIII MOBUHHO BKJIFOYATH B COO1 Taki KOMIIOHEHTH, SIK CYBOPE PeryJIIOBaHHS
BUKOPUCTaHHA  aHTUOIOTUKIB B  MEIWYHIA Ta  BETEPUHAPHIM  MPaKTHII,
YIOCKOHAJIEHHSI SIKOCTI OYHINEHHS CTiYHUX BOJ, HEJOIMYIICHHS 3a0pyJAHECHHS
HABKOJIUIITHLOTO CEPEIOBUINA BAKKIUMH METAJIAMH TOIIIO.

3. He MeHm BaxiauBe MPOBEACHHS NIMPOKOMACIITAOHMX MOHITOPUHTOBUX
HayKOBO-MIKpOOIOJIOT1YHUX, - €MiAEMIOJIOTIYHUX Ta -COIIaJIbHUX JOCIHIKCHb II0
BCbOMY CIIeKTpy «EamHOTrO 3M0pOB’s» 3 aKIEHTYBaHHSM yBaru Ha acleKTax
B32€EMOBIJTHOCHH «aHTHOI0THKOPE3UCTEHTHICTh — HABKOJIMIITHE CEPEIOBHIIIC.

Jliteparypa:

1. Serwecinska L. Antimicrobials and antibiotic-resistant bacteria: a risk to the
environment and to public health //Water, 2020. - T.12.(12). - S. 3313.
https://doi.org/10.3390/w12123313.

2. Asfaw T., Genetu D., Shenkute D. High Burden of Antibiotic-Resistant
Bacteria from Wastewater in Ethiopia: A Systematic Review //Risk Management and
Healthcare Policy. - 2020. - T. 13. - S. 3003.

3. Kunhikannan S. et al. Environmental hotspots for antibiotic resistance genes
//MicrobiologyOpen. - 2021. - T. 10. @3). - S. ell97.
https://doi.org/10.1002/mbo3.1197.

4. Akimenko Y. V. Influence of Antibiotic Contamination on Functioning of
Microbiocenosis of Ordinary Chernozem //Asian Journal of Pharmaceutics (AJP):
Free full text articles from Asian J Pharm. - 2018. - T. 11 (4). - S. 782-786. DOI:
https://doi.org/10.22377/ajp.v11104.1715 .

5. Ateba C. N. et al. Occurrence of Antibiotic-Resistant Bacteria and Genes in
Two Drinking Water Treatment and Distribution Systems in the North-West Province
of South Africa //Antibiotics. - 2020. - T. 9 (11). - S. 745.
https://doi.org/10.3390/antibiotics9110745

6. Pruden A. et al. Management options for reducing the release of antibiotics
and antibiotic resistance genes to the environment //Environmental health
perspectives. - 2013. - T.121. ( 8). - S. 878-885. https://doi.org/10.1289/ehp.1206446.

7. Tenover, F.C. Mechanisms of antimicrobial resistance in bacteria. Am. J.
Med. 2006, 119, S3-S10.

8.  Antimicrobial resistance. 2020. World Health  Organization.
https://www.who.int/ru/news-room/fact-sheets/detail/antimicrobial-resistance.

ISSN 2567-5273 148 www.moderntechno.de


https://doi.org/10.3390/w12123313
https://doi.org/10.1002/mbo3.1197
https://doi.org/10.22377/ajp.v11i04.1715
https://doi.org/10.3390/antibiotics9110745
https://doi.org/10.1289/ehp.1206446
https://www.who.int/ru/news-room/fact-sheets/detail/antimicrobial-resistance

Modern engineering and innovative technologies Issue 28 / Part 1 (N§

9. Chen J. et al. Bacterial heavy-metal and antibiotic resistance genes in a copper
tailing dam area in northern China //Frontiers in microbiology. - 2019. - T. 10. - S.
1916. https://doi.org/10.3389/fmicb.2019.01916.

10. World Health Organization. WHO report on surveillance of antibiotic
consumption 20162018 early implementation. Available
from: https://www.who.int/medicines/areas/rational use/oms-amr-amc-report-2016-
2018/en/. Accessed 621 2020.

Abstract. Introduction. An impact of urbanization on the environment is an important
criterion of negative consequences for the ecosystem, which cause soil and water pollution. As a
result of the large-scale and inappropriate use of antibacterial drugs of different chemical
composition and spectrum in medicine, agriculture and the food industry, the number of the main
ecotrophic groups of microorganisms, as well as their ratio and the structure of the microbial
community as a whole, decreases

Main text. Antibiotics and persistent antimicrobial residues in the environment have been and
remain a critical issue of numerous studies in all parts of the world. It has been established that an
uncontrolled attitude to antibiotic resistance can lead to 10 million deaths per year by 2050. The
WHO classified antibiotic-resistant bacteria as dangerous bacteria that pose a serious threat to
human health and the stability of the ecosystem. After all, these bacteria have a unique ability to
multiply, spread and persist in ecosystems for a long time, which gives them a dominant position
over other environmental pollutants. It is important to note that antimicrobial metabolites enhance
the development of bacterial resistance and environmental resistance genes to antibiotics. The
long-term effect of pharmaceuticals on bacterial cells accelerates the horizontal transfer of
resistance genes between phylogenetically distant bacteria and between non-pathogenic and
pathogenic bacteria. Therefore, acquiring antibiotic resistance, the bacteria of the ecosystem easily
transfer resistance to antibacterial drugs to human pathogens with the help of horizontal gene
transfer. Sub inhibitory concentrations of antibiotics can act as signaling molecules that cause
shifts in bacterial gene expression, virulence, biofilm formation, and modulation of gene activity.
Once in the ecosystem, antibiotic residues can cause the development of cancer, allergic reactions
or disruption of normal intestinal microflora.

Medical information bulletins emphasize the importance of sewage pollution, especially of
medical institutions, as the main source of pathogenic bacteria in the environment. Improper
disposal of unused and expired antibiotics, which are often thrown into the sewers, is also a big
problem. Different concentrations of antibacterial drugs are stored in such critical areas as
pharmaceutical plants, animal farms and aquaculture. It is emphasized once again that antibiotic-
resistant fecal and commensal bacteria of patients in medical institutions who are treated with
antibiotics pose a special danger. A serious danger is the emergence of de novo bacterial
resistance. In this case, bacteria sensitive to antibiotics can easily become resistant. Clinical strains
with multiple resistance to antibacterial drugs are mostly isolated, namely: Klebsiella spp., E.coli,
P.aeruginosa, S.aureus, and Salmonella spp.

Conclusion. To solve the problem of antibiotic resistance, it is important to regulate the use
of antibacterial drugs. It is mandatory to carry out wastewater treatment in medical institutions.
Increase the number of ecological studies of the aspects of the entry of antibacterial drugs into the
environment. Monitor microbiological, epidemiological and social studies across the spectrum of
unified health. Strengthen the monitoring of information on trends in the use of antibacterial drugs
in different regions of the world.

Key words: antibiotics, antibiotic-resistant bacteria, environment, resistance genes
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