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PE3IOME

B-nakramMHMTe aAHTUOMOTHLM ca Haii-royismara
AHTUOMOTUYHA rpyIa, Mopaau KOeTo OakTepuanHaTa
PE3MCTEHTOCT Cpelly TAX WMMa BOJCUIO 3HAaYCHHE
B aHTuOakTepuanmHata Tepamus. Yerupm ca
MEXaHM3MUTE Ha [(-TaKTaMHA PE3UCTEHTHOCT, KaTo
J1Ba: MPOMEHU B MEHULIMJIMHCBbP3BALIUTE POTEUHU
(TICTT) m npow3BoACTBO Ha [-JakTamasu ca
OCHOBHHM. JleyeHnero Ha MHQEKUUHUTE, MPUINHEHU
OT PE3UCTEHTHH LIaAMOBE C€ BOJAM C HOBHU MPAUMHO
He- OeTa-TaKTaMHW aHTUOMOTHYHU CpEACTBa, HO
OaxTepunTe OBP30 Pa3BMBAT PE3UCTEHTHU MEXaHM3-
MU KbM TX. OCOOEHO OCTBp € MPOOJEMBT C rpaM
oTpULATeTHUTe OaKTepuH, Cpelly KOUTO JIUIICBA
JIOCTaThUHO MIMPOK HAOOp OT aHTHOWOTHIIM.
PesucrentHocTTa HETIPeKbCHATO eBOJTIONpa.
ToBa ce oTHacs KakToO 3a TpaM TMOJOXUTEITHUTE,
Taka W 3a rpam orpuuarensHute Oakrepuu. Cera
pa3npoCTpaHEeHNEeTO Ha MPHUI0OUTUTE B OOIIECTBO-
TO METHULIMJIMH pe3ucTeHTHU ctaduinokoku (MRSA)
M 1IaMOBeTe, TMPOU3BEKIAIIM [IMPOKOCTIEKTHPHU
B-nakramasu, kakto M KapOaneHemasu Oyau
CHUJTHA TPEeBOTA M € MPUYMHA 32 MPAayHU MPOTHO3H.
[MprunHuTe 32 sIBNEHUETO OaKTEepUaTHa Pe3UCTECHT-
HOCT ca pa3HooOpa3Hu, kato Oopbara ¢ Hero e ¢
HUCKa e(heKTUBHOCT.

Kaw4yoBun aymm: pecnupatopHu — MHQEKIUH,
OakTepuanHa PE3UCTEHTHOCT, B-nakTamHM
aHTUOUOTULU

OTKpI/IBaHeTO Ha AHTUOUMOTHULIMTE € €IHO OT
yygecata Ha XX Bek. Te JaelcTBUTENTHO
npoMeHnxa oOpa3a Ha ChbBpeMEHAaTa MeEIUIIMHA.
[lomobHo Ha pemuma OpYrd MEOMKaMEHTH, KaTo
AHTUMAOCTHH CPEICTBA, XUMHOTEPATIeBTHL U 1.,
YCIEITHOTO UM TIPHJIOKEHHUE BOIU IO Pa3BUTHE Ha
TOJIEPAHC 1 PE3UCTEHTHOCT, KOETO HaMaJIsiBa TAXHATA
e(eKTUBHOCT MIIM 00E3CMUCTS TPHIOKEHUETO WM.
BakrepuanHaTa pe3CTEHTHOCT KbM aHTUOUOTHYHU
CpencTBa e Oryla BUHATY YacT OT aHTUOAKTePHATHUTE
M epexTr. O1ie ¢ OTKpUBAHETO Ha CyJIHOHAMUIUTE
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ABSTRACT

B-lactam antibiotics are the largest antibiotic group,
so bacterial resistance against them has a pivotal
role in the antibacterial therapy. There are four
mechanisms for beta-lactam resistance from which
two: the changes in penicillin-binding proteins
(PBPs) and the synthesis of beta-lactamase enzymes
are the main. The treatment of the infections, caused
by resistant strains is carried out by new non-beta
lactams but the bacteria develop resistance to them
fast. This problem is especially important with Gram
(-) bacteria because effective antibiotics against
them are scarce. The bacterial resistance constantly
evolves. The spread of community-acquired MRSA
as well as bacterial strains producing ESBL and
carbapenenase is very alarming. There is a wide
variety of causes for the bacterial resistance but the
fight against this phenomenon is not very efficient.
Keywords: respiratory  infections, bacterial
resistance, beta-lactam antibiotics

he discovery of antibiotics is one of the wonders

of the 20th century. They actually changed the
image of contemporary medicine. Along with a
series of other drugs, such as anti-diabetic agents,
chemotherapeutic agents, etc., their successful
application leads to development of tolerance and
resistance which reduces their effectiveness or
obsoletes their application. Bacterial resistance to
antibiotics has always been a part of their antibacterial
effects. With the discovery of sulfonamides in 1937,
the first mechanisms of bacterial resistance were
established. Penicillin, discovered by Alexander
Fleming in 1928, was introduced into clinical practice
12 years later — in 1940. Two years earlier, the first
isolated beta-lactamase that degrades the antibiotic
molecule was isolated. It has been derived from an
E. coli, Gram(-) microorganism, so at that time it was
believed that it had no relation to the one and only
antibiotic effective against Gram (+) bacteria. Since
then, knowledge on bacterial resistance has evolved
greatly and now there are over 20 000 known genes
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npe3 1937 r. ca ycTaHOBEHU U MIbPBUTE MEXaHU3MU
Ha OakTepuanHa pe3UCTEHTHOCT. [IeHMLUIMHBT,
oTKpUT oT Anekcanmabp Pnemunr mpe3 1928 r. e
Oun BbBENEH B KIMHMYHATA MpaKTHKa JABHANECET
TOJIMHU MO-KBCHO - Tipe3 1940 r. JIBe roguHu npenu
ToBa e Owuia wu3ojMpaHa mnbpBata [-jakTamasa
pasrpaxkialia aHTUOMOTHYHATa MoJekyina. Ta e
Ouna u3BrnedeHa ot E coli - rpam oTrpuuareneH
MUKPOOPraHu3bM, NOPaIN KOETO 10 TOBA BpEMe Ce €
CMSATaJI0, Ye TS HAMa OTHOLUEHHE KbM €IMHCTBEHUs
TI0 TOBA BpeMe aHTHOMOTHK, e()eKTUBEH SMHCTBEHO
cpelly rpaMm TNoOJoXuTenHu OaxkTepuu. OTTOraBa
Mo3HaHMsATa 3a 6aKTepuanHaTa pe3UCTEHTHOCT ca ce
PasBUIIM W3KJIIOUYUTETHO MHOIO U cera ca Mo3HaTu
Hax 20 Xunsau TeHW, Koaupaluyd OakTepuaiHa
pesucteHTHOCT. OCHOBEH (hakTOp 3a pa3BUTHETO
Ha PE3UCTEHTHOCT € BPEeMeTO, Tpe3 KOeTo
AHTUOAKTEPUATHOTO CPEACTBO € Ha hapMaLleBTUUHUS
nazap. KosikoTo mo-nmpoabmkKUTENHO equH aHTHONO-
TUK € B yIIoTpeda, TOJIKOBa [I0BEYE Ca Pe3UCTEHTHUTE
[1aMOBE KbM Hero. 3a ChXajeHue MOYTH BCHUYKH
MO3HATH aHTUOMOTUYHU IPYNHU ca OTKPUTH npe3 50-
Te U 60-Te TOOMHM HA MHUHAJINSA BeK. EINMHCTBEHO
(ITyOpOXMHONOHNATE Ca CHUHTE3WpaHW B Kpas Ha
70-te m Havanmorto Ha §0-te. OKCaz0JMAMHOHUTE
(Linezolid) ca enmuHcTBeHaTa aHTHOAKTepUaliHA
JIeKapcTBeHa rpymna, OTKpuTa mpe3 nocienHure 30
rogrHu. Bcuyko TOBa, KakTo M cnadus HMHTepec
OT CTpaHa Ha ¢apmaleBTUYHATA WUHIYCTPUS KbM
CHUHTE3 HAa HOBM aHTHOAKTEpUAJIHH MOJEKYIH
npaBu OakTepuanHaTta Pe3UCTEHTHOCT AOMMUHHUpALL
npoOieM Npu aHTUOMOTUYHATA Tepanusl.
bera-nakramure (BJD) ca Hall-rojsimMara
anTOnoTnyHarpymna.llotazunpuinnabakTepuanHa-
Ta PE3UCTEHTHOCT KbM TE€3UW MEAMKAMEHTHU € OT
LEHTPaJHO 3Ha4YeHue. MexaHU3MHUTe, C KOWTO
OakTepuuTe cTaBaT pe3ucTeHTHU kbM BJI ca uetupu:
1. Ipomsina B crpykrypara Ha [TCIT;

2. CuHres Ha -nakTamasu;

3. Hamarnena ekcripecusi Ha BBbHIIHM MeMOpaHHU
MPOTEUHMU;

4. EyKCHU TIOMTIH.

Ennn ot ngBara Haii-Ba)KHM MEXaHU3MHM Ha
OakTepuanHa pe3ucTeHTHOCT KbM BJI e cBbp3aH ¢
OCHOBHHUSI MEXaHU3bM Ha aHTMOMOTUYHO JeiicTBUE
BBPXY OaKTepuanHara kieTka. Bcniku aHTHOMOTHIN
¢ [P-makTaMHO AAPO HApylIaBaT CHHTe3aTa Ha
OakTepuanHaTa KJIEThbYHA CTEHa 4Ype3 CBbp3BaHE
¢ [IICII, BaxHM TpaHCHENTUAA3M Yy4YacTBALIH
B MPOTEMHIJIMKAHOBaTa CHHTE3a Ha CTeHara.
Hopmannure Oaxkrepun npuTexaBaT €IUHUYHU,
HepaskioHenu [ICIl. PesuctenTHuTe OakTepuu
CUHTE3UpaT OeNnTbUM C PpasKIOHEHW BEpUTH,

encoding bacterial resistance.

The main factor for the development of resistance
is the duration for which the antibacterial agent
is on the pharmaceutical market. The longer one
antibiotic is in use, the more the strains resistant to
it. Unfortunately, almost all known antibiotic groups
were found in the 50’s and 60°s of the last century.
Only fluoroquinolones were synthesized in the late
70’s and the beginning of the 80’s. Oxazolidinones
(Linezolid), for example, is the first and only new
antibacterial drug group for the last 30 years. All that,
along with the low interest from the pharmaceutical
industry to produce new antibacterial molecules,
turns bacterial resistance into a dominant problem in
antibiotic therapy.

Beta-lactams (BL) are the largest group of antibiotics.
Therefore, bacterial resistance to these drugs is
of central importance. The mechanisms by which
bacteria become resistant to BL are four:

1. Change in the PBPs;

2. Synthesis of beta-lactamases;

3. Reduced expression of outer membrane proteins;
4. Efflux pumps.

One of the two most important mechanisms of
bacterial resistance to BL is connected to the basic
mechanism of antibiotic action on the bacterial cell.
All antibiotics with a beta-lactam nucleus obstruct
the synthesis of the bacterial cell wall by binding to
PBPs, important transpeptidases taking part in the
proteoglycan synthesis of the wall. Normal bacteria
have single, unbranched PBPs. Resistant bacteria
synthesize branched-chain proteins which bind the
antibiotics and prevent the inactivation of the enzyme.
Another mechanism of bacterial resistance is a rapid
re-synthesis of transpeptidases. Inactivation of PBPs
is a mechanism of resistance mainly for Gram (+)
bacteria.

Staphylococci normally produce four types of PBPs
anchored in the bacterial membrane. They all have
a very high affinity for beta-lactams, which is why
these are the antibiotics of choice for treatment of
infections caused by these bacteria (7). In 1961, first
in England and a little later in 1968 in the U.S, the
first bacteria carrying the muropeptidase PBP2A
resistant to antibiotic action were isolated. The
PSP2A protein is encoded by the mecA gene located
in a staphylococcal cassette chromosome (SCCmec).
Staphylococci, which carry this gene are resistant to
methicillin and oxacillin and are therefore known
as methicillin resistant staphylococci (MRSA).
Originally spread from one "archaic" branch,
currently MRSA strains originate from five clonal
lines. The clinical significance of these bacteria is
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KOUTO CBBP3BAT QHTUOMOTHLMTE W HE TO3BOJSABAT
WHAKTUBUPAHETO Ha eH3uMa. J[pyr MexaHu3bM Ha
OakTepuanHa PE3UCTEHTHOCT € YCKOPEH PECHHTE3
Ha TpaHcnentuaasu. MuaktuBupaneto nHa [ICII
€ MeXaHW3bM Ha PEe3UCTEHTHOCT, XapaKTepeH
MPEeAYMHO 3a IpaM MONOKUTETHU OaKTepuu.
CTauIIOKOKUTE HOPMAITHO TIPOM3BEXKIAT UYETHPH
Bupa [1CI1, 3akoTBeHN B OakTepuanHata MmemOpaHa.
Bendku Te ca ¢ MHOro BHUCOK aUHHUTET KbM
B-nakramure, nopaau KOETO TOBa ca MPEArnovYUTaH
n300p Mpy JeYeHNETO Ha WHPEKIUNUTE, TPUINHEHN
ot cradpunokoku (7). Ilpe3 1961 ronuHa 3a MbpBU
ObT B AHIUS U MajKO MO-KbCHO mpe3 1968
r. B CAIIl ca wu3onupaHu nbpBUTE OaKTEpUU,
Hoceu Myponentuaasata [ICI12a ycroitunBa Ha
aHTnOmoTnyHo BbB3aelicteue. bentokbT [ICI12a
ce Koaupa OT reHa MecA, Hamupall ce B eIHa
xpomo3zomHa kacera SCC. Cradunokokure,
HOCHUTEJM Ha TO3M I'eH ca YCTOHYMBY Ha METULIMIIMH
1 OKCALWJIMH, NOPaJy KOETO ca U3BECTHU O] UMETO
METULMINH pe3ucTeHTHU cTaduiokoku (MRSA).
[IbpBOHAaYanHO pa3mpocTpaHUIM Cce€ OT eAuH
»apxanmdeH” kJIoH, moHactosmemM MRSA mamoBere
MPOU3X0XKAAT OT 5 KJIOHAIHU JIMHUU. KNMHUYHOTO
3Ha4YeHUe Ha Te3u OakTepuu € orpomHo. ToBa ca
BBTPEOOTHUYHYU IamMoBe, mpuinHsaBamy 51.6% ot
MpeAM3BUKAHUTE OT cTapuIOKOKH nHpekuu B MO
u 42% ot Te3u B oOIUTEe OONTHUYHM OTAEJTICHUS.
JleuenueTo Ha WHGEKLUMUTE, NPUUYUHEHU OT TAX
ce TpoBeXkIa ¢ He- OeTa-TakTaMHU aHTHOMOTHIIN
kato rthukonentuau (Vancomycin, Teicoplanin),
okcazonuauHonu (Linezolid), Synercid. OTroBopsT
Ha OakTepuure obauye He € 3aKbCHAI U Beue ca
M30JIMpaHK Ha MHOTO MEcTa Mo cBeTa BAHKOMHLIMH-
UHTEPMEAMEepPY M BAHKOMMLMH  PE3UCTEHTHU
cradpuokokoBu mamose (VISA, VRSA).

[lpe3 90-te romuHu Ha MUHAIUS BEK 3a MbPBU
meT Oelle M30IMpaHa enHa HoBa CTaMIIOKOKOBA
nomnyJalus, ycToiuuBa Ha OKCaLWJIMH, HO pa3jiMyHa
ot no3Hatute MRSA mawmose. Te3n Gaktepuu ca
HaMepeHU B XOpa, KOUTO He ca OUIM B KOHTAKT C
OoJIHMYHATa cucTeMa, NMopaau KOETO Ca HapeueHH
npunodutu B oduiectBoto MRSA (CA MRSA). Te
MpUTeXaBaT peauua pazaukud OT HO30KOMMATHHUTE
MRSA (HA MRSA) (Ta6n. 1). CA MRSA e Bcsika
MRS A nHdpek1Ms, TMarHocTupana B aM0OyaaTopusi
uiu 10 48-s1 yac OT XOCMUTAAMU3aLMATa HA aLMEHT,
KOMTO HAMa CleAHUTE PHUCKOBU dakTopu 3a HA
MRSA - xemoauanuza, XUpyprusi, XOCIUTAIU3aLUN
npe3 NpeaxoaHaTa roaAMHa, HaTM4Ke Ha KaTeTpy UK
NEePKYTaHHU yCTPOICTBA 110 BpeMe Ha U3CJIeBAHETO
WK MpeaxoaHo u3onupane Ha MRSA ot mauumenra.
MRSA npuunHsaBaT pazHooOpa3HN HEMHBA3WBHU U
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immense. They are nosocomial strains causing 51.6%
of infections caused by staphylococciin ICU and 42%
of'those in the general wards. Treatment of infections
caused by them is conducted with non-beta lactam
antibiotics such as glycopeptides (Vancomycin,
Teicoplanin), oxazolidinones (Linezolid), Synercid.
But bacteria have already responded - in many
parts of the world vancomycin-intermediate and
vancomycin-resistant staphylococcal strains (VISA,
VRSA) have been isolated.

During the 90s, a new staphylococcal oxacillin
resistant population different from already known
MRSA strains was isolated for the first time. These
bacteria were found in people who have not been
in contact with the hospital system, and therefore
they were called community-acquired MRSA (CA
MRSA). They have a number of differences from
nosocomial MRSA (HA MRSA) (Tabl.1) and are
defined as: any MRSA infection diagnosed in a
clinic or during the 48 hours of the hospitalization of
a patient having none of the following risk factors for
HA MRSA: hemodialysis, surgery, hospitalization
in the previous year, presence of catheters or
percutaneous devices during examination or previous
isolation of MRSA from the patient.

MRSA cause various noninvasive and invasive
infections. Antibiotics of choice for the treatment of
noninvasive, mainly skin infections, are clindamycin
and TMP-SMZ (Biseptol) tetracyclines. Quinolones
should be avoided due to ineffectiveness of earlier
representatives and rapidly growing resistance.

For the treatment of invasive infections — necrotic
pneumonia, osteomyelitis, bloodstream infections
— the preferred drugs are glycopeptide antibiotics.
Vancomycin is a quite old antibiotic, introduced
into clinical practice in the 60's. It has poor
pharmacokinetic parameters — poor penetration into
the lung tissue, so subdosage is a problem, and it has
significant side effects. Some of these drawbacks are
not present with teicoplanin. Streptococci produce
various enzymes and endotoxins such as alpha toxin,
leukocidin, toxic shock protein, which increase with
subinhibitory antibiotic concentrations. Supporters
of'the toxic theory recommend combined application
of glycopeptides with antibiotics suppressing protein
secretion — clindamycin and linezolid, aiming
at inhibiting the synthesis of these proteins and
preventing systemic inflammation.

Daptomycin s highly effective against staphylococci,
but not recommended for the treatment of pulmonary
infections, because it is inactivated by the surfactant.
The optimal antibiotic in these cases, due to its
excellent penetration in lung tissue, is linezolid.
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Tabauua 1. HA MRSA 1M CA MRSA - cpaBHUTENTHN XapaKTepUCTUKH

HA MRSA

CA MRSA

Monexynapuu pasnuuus

[NossiMa xpomo30MHa KaceTa ¢ mec A rex

Manka XpoMO30MHa KaceTa ¢ mecA rex

Psinko nocst ren PVL

Bunaru Hocsit ren PVL

PesucTenTHH ca Ha MHOTO He OeTa akTaMHu Ab

Pe3ncreHTHH ca Ha MO-Mallko HeOeTalakTaMHU

Kaunuunu pasinuun

Bb3pacTHr nanuenTH, KOMOpouaAuTeT

Mananu manueHTu

HHCBMOHI/Iﬂ, GaKTepI/IeMI/ISI, HWHBAa3WBHU I/IHCI)CKL[I/II/I

HerOTI/I'-IHa ITHEBMOHMUSA MU TEXKXBK CECIICUC

WHBA3UBHU MH(EKINN.

3a nedeHWe Ha HEWHBAa3MBHUTE, MPEIUMHO
KO)KHM MHQpEeKUUH, Bb3MOXKHOCTUTE 3a Hu300p
Ha aHTHOMOTHIM ca KimuHgamMunud, TMIT/CM3
(Biseptol) TerpauukinHuTe. XMHONIOHUTE TPAOBa 1a
ce U30ATBaT nopaau HeeeKTUBHOCT Ha MO-PaHHUTE
MPeACTAaBUTENN, KaKTO U Mopaan 0bp30 pasBUBALLa
C€ PE3UCTEHTHOCT.

3a neueHMe Ha WHBa3MBHUTE WHQPEKUMH —
HEKPOTUYHH MTHEBMOHMH, OCTEOMUENUTH,
KPBBHH WHQEKINHU, TPEANOYUTaHO CPEACTBO ca
[JIMKONENTUAHUTE AHTUOMOTHMLM. BaHKOMULMHBT
€ J0cTa cTap aHTUOMOTHK, BbBEIEH B KIMHUYHATA
npakThka ome npe3 60-re  roguHu. Toii
NMpUTeKaBa 3HAYNMH CTPAaHWIHU e(PeKTH H € C
HE3aJ0BOJIUTETHN (DapMaKOKUHETHIHU MOKa3aTesn
(mowa menerpauust B OenoapoOHaTa TbKaH),
nopaau Koero cyba03upaHeTo MpeacTaBisaBa rojsim
npoOneM. Hskou OT Te3um HemocTaTbLUM JIMIICBAT
npu TelikonnaHuHa. CTPenTOKOKUTE MPOU3BEXKIAT
pa3HOOOpa3HM €H3MMHU W EHOOTOKCHMHM KaTo o
TOKCHH, JI€BKOLMAMH, TOKCHUYEH LIOKOB MPOTEUH,
KOUTO Cce YyBenu4yaBaT TMpH CyOMHXMOWUTOPHM
AHTUOMOTUYHM KOHLEHTpauuu. IlpuBbpikeHULUTE
Ha TOKCHYHAaTa TeOpHs MpernopbyBaT KOMOMHUPAHO
npunaraHe Ha [IUKOMENTUAUTe C aHTHUOMOTHLM,
MOTUCKALLY TPOTENHOBATA CEKPELMs] - KTMHAAMHULIMH
1 JIMHE30JIUA, KaTO Ce LeJM MHXUOUpaHe Ha CUHTe3a
Ha Te3M OeNTbHLM U NPEI0TBPaTABaHE HA CUCTEMHOTO
Bb3NaJIEHUE.

JlanTOMUIIMHBT € BHUCOKO €(EeKTUBEH CpeILy
CTaMIIOKOKHTE, HO HE Ce MPEeropbyuBa MPH JIUCHNE
Ha OenonpoOHMTE WH(EKIUKW, TMOopajau TOBa, 4e
ce WHaKTHBUpa OT chpdakranta. OnrtumaneH
AQHTUOMOTHK B T€3M Cllyyau € JIMHE30JIMAa, Nopaau
OTJIMYHATa My MeHeTpauus B OenoapoOHaTa ThKaH.
TUreuuKIMHbBT, CPAaBHUTENHO HOB TETPALMKIMHOB
aQHTHOMOTHK, CBIIO €  BHCOKO  edeKTHBEeH
cpemry TpoOIeMHHUTE CTa(QUIOKOKOBU IIAMOBE.
Crpenrorpamunure (Synercid) ca ¢ orpaHuueHo

Tigecycline, a relatively new tetracycline antibiotic,
is also highly effective against the problematic
staphylococcal strains. Streptogramins (Synercid)
have quite a lot of adverse effects and therefore have
limited use. Four new cephalosporins with a very
high affinity to PBP2 are under development. From
these only ceftobiprole, which according to some
classifications is a fifth-generation cephalosporin, is
in clinical trials. Dalbavancin, Telavancin, Oritavin
are new glycopeptide antibiotics with improved
pharmacokinetics and pharmacodynamics.

The production of enzymes which destroy the BL
molecule is the most important mechanism for
developing resistance to BL antibiotics. The first
beta-lactamase was isolated from the E. coli two
years before the introduction of penicillin into
clinical practice. Four years later a similar penicillin
inactivator was isolated from staphylococci and
now about 850 different beta-lactamase molecules
are known. Their classification is based on their
functional characteristics and their structure (9).
Members of the Enterobacteriaceae family often
possess plasmid-mediated resistance to penicillin,
but not to extended-spectrum cephalosporins. In
the 80s, first in Germany, a new group of enzymes
was found — extended-spectrum beta-lactamases
(ESBL), which are predominantly synthesized from
Klebsiella, E. coli and Proteus. They hydrolyze
molecules of extended-spectrum cephalosporins
with oxyimino side chains as well as the molecule
of the oxymino-monobactam aztreonam. This group
includes such popular antibiotics as cefotaxim,
ceftriaxon, ceftazidime, which are the basic drugs
for the treatment of these problematic Gram (-)
microorganisms. Often these bacteria are also
carriers of resistance to other antibiotic groups
such as aminoglycosides, which narrows down the
therapeutic possibilities in the treatment of infections
caused by them. Currently the ESBL-producing
strains are widespread in all hospital wards, especially
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MPUIIOKEHUEe, Mopanu CTPAaHUYHU e(eKTH, KOWTO
npeau3BUKBar. B mpouec Ha pa3paboTka ca yeTHpu
HOBU 1Ie(alIOCTIOPUHNA € MHOTO BHUCOK adUHHUTET
kbM PBP2. OT TsX enmHCTBEHO 1eTOOUMPOIBT,
KOMTO B HAKOM KiacupUKAlMM Cce BOIM Karo
nera reHepauusi UedaTOCNOPUH, € B KIMHUYHU
m3nmtanus. Dalbavancin, Telavancin, Oritavin ca
HOBM TNIMKOMENTUIHU aHTUOMOTHLIM C MonoOpeHa
(hapmakokrHeTHKa U hapMaKoAMHAMUKA.
[TponyxuusiTa Ha eH3UMHU pa3pyLlaBally B-1akTaMHa-
Ta MOJIEKYJIa € Half-BayKHMS MEXaHU3bM 32 Pa3BUTHE
Ha PE3UCTEHTHOCT KbM [-IaKTaMHH aHTHOMOTHUIIM.
[TbpBata B-nakramasza e m3onupana ot E. coli aBe
FOAMHU MpPEAM BbBEKIAHETO Ha NEHUUMUIMHA B
KIMHUYHATA TPaKTHKa. YeTHpru TOIWHM MO-KBCHO
€ W30JIMpaH MoJ00eH MEeHULWINH WHAKTUBATOP OT
CTaUITOKOKM U cera ca mo3HaTH okoJio 850 pazauyHu
B-nakramasnu monekynu. Knacudukauusara um ce
6aznpa Ha TeXHUTE (PYHKIIOHAIHHI XapaKTePUCTUKN
WK Ha TsIXHaTa cTpykTypa (9).

UneHoBere Ha ceM. FEnterobacteriaceae uecto
npuTexaBar MjiasMUI-MEAUUpaHa PE3UCTEHTHOCT
Cpellly TeHeIMIMHN, HO He M Cpelly IIMPOKOCTIeK-
ThpHU Ledanocnopunu. [1pe3 80-Te roauHu 3a MbpBU
nbTBI epMaHus,caHaMepeHr eAHaHOBAr Py aeH3UMU
— mmpokocnekTbpHn B-nmaktamasu (ESBL), kouto
ce CHHTEe3Mpar B rojemMus cu npoueHt ot Klebsiella,
E. coli, Proteus. Te Xuaponuzupar MoJeKyJIuTe Ha
LIMPOKOCTIEKTbPHU LEe(aTOCHOPUHU ¢ OKCUMUHOBH
CTpPaHMYHM BEpUTH, KaKTO ¥ MOJeKyjarta Ha
OKCMMMHMHOMOHOOaKkTamMa a3TpeoHaM. KbM Tasm
rpyna crajaT TakuBa TMOMYyJAPHA aHTUOMOTHLHM
kato cefotaxim, ceftriaxon, ceftazidime, kouto
ca Oa3WCHM CpeicTBa 3a IICUCHWETO Ha Te3n
NpoOIeMHU TpaM OTPHULATENIHN MHKPOOPTaHWU3MH.
Yecto mbTH Te3u OaKkTepuud ca HOCHUTENU M Ha
PE3UCTEHTHOCT KbM IPYr'd aHTUOMOTUYHHU IpyMH,
KaTO aMIHOTJTUKO3U/IN, KOETO CTECHIBA 3HAYNTEITHO
TeparneBTUYHNTE BBH3MOKHOCTH MpPH JICUCHHE Ha
WH(EKIUUTe, TPUYMHEHU OT TAX. [loHacTosiuem
ESBL npoayumpamurte 11amoBe ca  IIMPOKO
Pa3NpocTpaHeH! BHB BCUUKM OONMYHM OTHETCHUS,
0COOCHO WHTEH3WBHUTE, W Ca YeCTH, NPEIUMHO
HO30KOMMAJHU MaTOTeHH.

upoxocnektbpuure P-nakramazu (ESBL) ca
MPOOYKT Ha CEJeKTUBHUS AaHTUOMOTHYEH HATHCK
BbpXy OakrepuaiHuTe momynauuud. Te oOade
OBbp30 ce pa3mpocTpaHsABaT MO CBETa B pe3yJiTaT Ha
TPAHCTPAHUYHOTO JABWKEHHE Ha rOJIeMU Ipynu OT
xopa. OCHOBEH TE€XEH HM3TOYHHMK Ca CTPaHHUTE ChC
3aHIKeH MH(EKIM03eH KOHTpoJl. B enHo nmpoyuBaHe,
npoBeneHo B LlBeuus ca Ounu uzcnensaHu 100
3IpaByW LA, MBTYBAIN JO Pa3MYHHU Kpawiia Ha

18

in the ICU, and are common, primarily nosocomial
pathogens.

Extended-spectrum beta-lactamases (ESBL) are
a product of the selective antibiotic pressure on
bacterial populations. However, they quickly
spread around the world as a result of cross-border
movement of large groups of people. Their main
source are countries with lowered infection control.
In a study conducted in Sweden 100 healthy subjects
were examined, who have traveled to different parts
of the world (2). After their return 24 of them were
carriers of ESBL-producing E. coli. All of them have
traveled to Asian countries, predominantly India (7
out of 8 travelers).

The cornerstone in the treatment of infections caused
by ESBL-producing bacteria are carbapenems.
Imipenem and meropenem are the first choice
antibiotics in all manuals. Their alternatives are
aminoglycosides, ciprofloxacin, co-amoxiclav and
fosfomycin. With very high efficiency is the newest
tetracycline antibiotic Tigecyclin, created to treat
highly-resistant bacterial strains. Over 90% of ESBL-
producing E. coli, Klebsiella spp. and Enterobacter
spp. are sensitive to it according to the American
FDA and European EUCAST criteria.

From what has been said so far, it becomes clear
that against the growing epidemic of ESBL strains,
carbapenems play the leading role. They are the main
and most important agent to fight these problematic
organisms. That is why the first carbapanemase
isolated in 1993, again from the Enterobacteriaceae
family, caused justified concerns worldwide (1).
Since then, multiple enzymes belonging to the
three classes of Ambler beta-lactamases A, B and
D were found. Some of them are chromosomally
encoded, while others are plasmid-mediated. All
successfully cleave the carbapenem ring and are
only partially inactivated by clavulanic acid. With
greatest significance and spread is the K pneumoniae
carbapenemase (KPC) which is plasmid-encoded
and belongs to class A beta-lactamases. In rare cases
it is isolated from E. coli (5).

Multiple enzymes belong to Class B — metallo beta-
lactamases (3). Recently the attention of the entire
medical community is focused on the New Delhi
enzyme beta-lactamase (NDM 1), first discovered in
Sweden in 2008 in an Indian man, pretreated in India.
The enzyme was isolated in large numbers of patients
in 13 countries, mostly related to India and Pakistan.
In 54% of cases we have K pneumoniae strains. The
plasmid particle carrying the gene, carries at the same
time a large number of genes having a resistance to
aminoglycosides, macrolides and rifampin, making
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cBeta (2). Crien 3aBpbiiaHeTo cu 24 OT TSAX ca Ouu
Hocutenu Ha ESBL nmponyuupamm E. coli. Beuuku
T€ ca MbTyBaJM OO0 A3MaTCKU CTpPaHM, Hal-uecTo
Wunus (7 ot 8 mbryBamm).
KpaitbI'bHUAT ~ KaMBK  TpU
UH(eKUUnTe, NPUYUHEHU oT Oaktepuu,
MPOIYIHpPAII  ITHPOKOCTICKTBPHU  [P-TaKkTamasn
ca kapbaneHemuTe. B Te3u ciyyan UMMUIIEHEMbT
U MeponeHeMbT ca TNPEeArnoYUTaHu aHTUOMOTHLH
BbB BCHYKM PBKOBOACTBa. TsXHa ajTepHAaTUBA
ca aMUHOTIIMKO3WAWTE UMIpodIoKcannHa, Ko-
amMokcuknap, (ocpomunH. C MHOro BHCOKa
e(peKTUBHOCT € W Hal-HOBHMA TETPALMKINHOB
antubuoTuk Tigecyclin, cb3mageH 3a JeuyeHue
Ha BHCOKOPE3UCTEHTHM OaKkTepualiHM ILAMOBE.
YyBCTBUTEIHOCT KbM HEro, Clopell aMepuKaHCKUTE
kputepun Ha FDA wu eponeeiickute EUCAST,
nposBsiBat Haa 90% ot ESBL nmponyuupaiuure E.
coli, Klebsiella spp w Enterobacter spp.

OT Ka3aHOTO MJOTYK CTaBa sCHO, 4e¢ Ha (oHA Ha
pa3spactBamata ce enuaemus ot ESBL mamose
ponsta Ha kapOameHemuTe € Bozewa. Te ca
OCHOBHOTO U Haif-Ba)XKHO CpPEICTBO 3a Oopba ¢ Te3n
MpoOJeMHU MUKPOOPraHU3MU. 3aTOBa M30JIMpaHaTa
npe3 1993 r, oTHOBO oT ceM. Enterobacteriaceae,
bpBa KapabarneHeMasa e npean3BuKana
OCHOBaTeJIHA TpeBOoTa HaBcskbae mo ceera (1).
OTToraBa ca HaMEPeHW MHOXKECTBO EH3HMH,
MpUHAIIeKALIM KbM TPU OT KiacoBeTe Ha Ambler
B-maktamazu A, B u D. Hsikoun 0T TSIX ca XpOMO30MHO
KOZIMpPaHU, APYry ca miasMuia-Meaurpanu. Benuku
Te YCIEIHO pa3lienBaT KapOaneHeMHUs MpbCTEeH
M caMO YaCTUYHO C€ MHAKTUBUPAT OT KIIaBYyJaHOBa
kucenuHa. C Haii-ronsiMo 3HauYe€HWE U IIMPOKO
paznpocTtpanenue ot Tax e Klebsiella pneumoniae
kapOanenemasata (KPC), xosito e Tmuia3MuaHO
KOZIMpaHa ¥ MPUHAAJIEKHU KbM Kiac A B-makTamasu.
B penxu cmyuan 15 ce m3onupa u ot E. coli (5).
K®M kmac B — mertano (-nmakramasu, mpuHaiiexar
MHOkecTBO eH3uMu (3). Cera BHUMaHHETO Ha
usjara  MeIuUIUHCKa OoO0IIHOCT €  (oKycupaHo
BBbpxy eHzuma New Delhi 6eta-nakramaza (NDM1)
otkputa 3a nbpBU nbT B LlIBeuus mpe3 2008 r. B
WHIMell, JieKyBaH npeau ToBa B Muaua. EH3UMBT
€ u30JMpaH B rojsiM Opoil mauueHtu B 13 crpaHu,
noseueTo cBbp3anu ¢ Mnaus n [Takucran. B 54% ot
ciydante ce Kace 3a mamose Klebsiella pneumoniae.
[Mna3mMuaHaTa yacTUUKa, HOCEIIA FeHa € HOCUTEeNKa
CbLUEBPEMEHHO Ha rojisiM Opoil reHu npuTexaBaly
PE3UCTEHTHOCT KbM aMUHOIJIMKO3MAM, MaKpOJIUIH,
pudamMnuH, KOeTo MpaBu OaKTEPUATHUTE IAMOBE
MYJTH- U AOPY NaH- pE3UCTEHTHU. TpeBorara ot Ta3u
MHOT0 OBP30 pa3npoCTpaHsBallia c€ PE3UCTEHTHOCT

JICUECHUCTO Ha

bacterial strains multi- and even pan-resistant.
Concerns about this rapidly spreading resistance
are so great that now the question is whether this is
not the end of the antibiotic era (8). In our country
this bacterial strain has not been isolated yet, but the
cited article mentions the Balkans — Serbia, Kosovo
and Montenegro as a secondary reservoir of bacteria
carrying this resistance, which makes its appearance
in our country a matter of time.

Drug options to treat infections caused by bacteria
carrying carbapenemases are very limited.
Unlike the problematic Gram (+) bacterial strains
against which there is a relatively wide range of
antibacterial agents, the antibiotic selection against
the problematic Gram (-) bacteria is rather scarce (4).
In a meta-analysis of 15 studies by Hirsh, tigecycline
and aminoglycosides were in most cases the first
choice, showing, particularly when administered in
combination, a satisfactory effect. Because of the
absence of an antibiotic selection for these infections
we talk about a renaissance of polymyxins. Their
high toxicity, however, is a serious limiting factor.
The last two mechanisms of bacterial resistance
to beta-lactam antibiotics are significantly less
effective, play a minor role and are often combined
with one of the other types of resistance.

The Gram (-) bacteria are wrapped by two membranes
— an outer and inner, separated from each other by
a thin periplasm layer, composed of proteoglycans.
The outer membrane performs barrier functions,
preserving the bacteria from harmful substances, such
as antibiotics and bile salts. Nutrients pass through
this barrier by means of a class of proteins known
as outer membrane proteins or porins. They form
channels that contain water. To reach their target —
the protein-binding proteins located on the inner
membrane, BL antibiotics have to pass through those
channels. Some Enterobbacteriaceae — Klebsiella, E.
Coli develop resistance to carbapenems by loss of
these porins. Point mutations may cause production
of proteins with decreased functional activity, thus
reducing the antibiotic penetration. This mechanism
of resistance is however not sufficient and it is often
combined with production of beta-lactamases.

The bacterial TolC protein forms trans-periplasmic
tunnels in the outer bacterial membrane (10). They
act as efflux pumps, as they ensure broad access of
proteins and other substances including antibacterial
drugs. This is an important mechanism of bacterial
resistance to tetracyclines, fluoroquinolones,
aminoglycosides. It is developed in many Gram (-)
bacteria, which have the ability to remove the AB
molecules which have reached the periplasm. The
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€ TOJKOBa rojisiMa, 4e Bedye ce IMOCTaBsl BbIIpoca
Jlalii TOBa He € Kpas Ha aHTMOMOoTH4YHaTa epa (8). B
HalllaTa CTpaHa TaKbB OaKTepHaseH LaM Bce oLle He
€ U30JIMpaH, HO B LMUTUpaHaTa CTaTus ce CIOMeHaBa
bankanckus peruon - Cep6oust, Kocoso, UepHa ropa
KaTo BTOpPMYEH pe3epBoap Ha OakTepuu, HOCELIH
Ta3u Pe3UCTEHTHOCT, KOETO MpaBH MosiBaTa My y Hac
BBIPOC Ha BpeMe.

Bb3moxkHOCTHTE 3a JledyeHMe Ha  MHQEKLUH,
OpUYMHEHM  OT  OakTepuu,  HOCHUTENM  Ha
KapbarneHemMasy ca MHOTO OTpaHMYeHU. 3a pa3nnka
OT TMpoOJeMHHUTE T'PAMIIONOKUTEIHA OaKTEepUaTHU
11IaMOBE Cpelly KOUTO pa3nojiaraMe CbC CPaBHUTEITHO
wupok  Habop  aHTUOAKTEpUAIHM  CpelncTBa
aHTHOMOTUYHUAT Habop cpemry MpoOJIeMHUTE
rpaMoOTpuLATeIHM OaKkTepud € J[0CTa OCKbIECH
(4). B enun metaananu3 Ha Hirsh, ananmupai 15
NpOy4BaHUSI TUICLUMKIMHBT U aAMUHOMJIMKO3UIUTE
ca OMJM B MOBEYETO Cilyyaud CPEACTBO Ha MbPBU
n300p, MOKa3BaKKK 3aJJ0BOJIUTENICH e()eKT, 0COOEHO
npuioxxkeHn B koMmOuHauus. [lopanu numncara Ha
AHTUOMOTUYEH U300p NPH T€3U UH(PEKLUHMU Ce TOBOPU
32 peHecaHC Ha MOJUMMKcHHUTE. [onsimara um
TOKCHYHOCT 00ade e Cepro3eH JIMMHUTHpaI (haKTop.
[locnennure naBa MexaHu3Ma Ha OakTepuaHa
PE3UCTEHTHOCT KBM [-TaKTaMHUTE aHTHOMOTHILIN
ca  3HAUMTENHO  TO-HEeC(PEeKTUBHM,  WIpasT
BTOPOCTEINEHHA POJISi U YeCTO MbTU CE ChUeTaBarT C
HSIKOIi OT IPYTUTE BUJOBE PE3UCTEHTHOCT.
I'pamotpunarennure OakTepun ca OOBUTH OT
BbHIIHA M BbTPELIHA MeMOpaHu, OTHENEHU elHa
OT Apyra ¢ ThHBK CJOH mepuriazma, u3rpajeHa oT
NpoTeornuKkaHu. BbHIIHAaTa MeMOpaHa W3MbIHIBA
OapriepHn  (YHKIWHW, Ta3eiiku OakTepusita OT
BpeOHM CyOCTaHUMM KaTO aHTUOMOTHLM, *KIbUHU
conu. HyTpueHTuTe npemMuHaBaT mpe3 Tasu Oapuepa
MOCPEACTBOM €AMH Kjac OenThUM, HapeueHU
BBHIIHM MEMOpaHHW OenTblM WM  TOPHHH.
Te o6pasyBar cbabpKamy BoAa KaHalu. 3a Aa
JOCTUTHAT /10 TAXHATA LeJl — MPOTENH-CBbP3BALINUTE
OenTbLM, Pa3nojokKeH! Mo BbTpeluHaTta MemOpaHa,
[-makTaMHHTE aHTHOMOTHIM TPsiOBa Ja MpeMUHAT
npe3 Te3u kaHaiu. Hskom Enterobbacteriaceae -
Klebsiella, E. coli pa3BUBaT pe3UCTEHTHOCT KbM
kapOaneHemu upes 3aryba Ha Te3u nopuHu. ToukoBU
MyTaUMd MOraT Ja MpUUYMHAT MpOAYyKUMs Ha
NPOTEHHN ¢ HaMajieHa (yHKIMOHAJIHA aKTHBHOCT,
KaTo MO TO3M HAUMH TIOHMXKABAaT MPOHUKBAHETO Ha
aHTOMoTHLMTE. TO3U MEXaHU3bM Ha PE3UCTEHTHOCT
o0aue He € JOCTaTbueH M TOI YecTo ce chueTaBa C
nporyKUMs Ha Oera-aKkTamasu.

bakrepuanuuar  nporeun  TolC  oOpasysa
TpPaHCIEPUIIa3MaTUYHN TYHEJM BbB BbHIIHATA
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resistance of P. aeruginosa to multiple carbapenems
is strengthened e.g. by the overproduction of the
efflux pumps (6). This resistance is often combined
with the overproduction of beta-lactamases or by
reducing the permeability of the outer membrane
proteins. The fight against this resistance is carried
out in two directions; by a change in the structure
of the antibiotic that would not allow its recognition
by the transport proteins (tigecyclin) and by the
development of inhibitors of the efflux pumps.

CONCLUSIONS

* The development of resistance is the most serious
consequence of the AB treatment, often making their
use pointless.

* In the developing countries the use of antibiotics
is uncontrolled. The imported ABs are cheap,
allowing their wide use and are of unknown purity
and authenticity.

* Creating a new antibiotic is extremely expensive
and the duration of application is short, which is why
pharmaceutical companies are losing interest.

* Regarding clinical efficiency, modifications in
the molecules are made which make them resistant
to resistance. These changes, however, decrease
bactericidal efficiency. Creating stable antibacterial
molecules is not a very effective approach, used only
to buy time, which only postpones but does not solve
the problem.

* Bacterial resistance evolves and spreads rapidly,
especially the plasmid-mediated one, which is often
a carrier of various strains resistant to multiple AB
agents.

e Some approaches to fight resistance, as are
the strongly recommended cyclical modes — the
temporary removal of some AB from application,
also proved ineffective. After removing the antibiotic,
the resistance is not completely removed, and soon
after the inclusion of the AB to medical schemes it
quickly reaches the previous levels.

* The control over the prescribed antibiotics and
limiting their use eliminates the most important
mechanism of development of resistance — the
selective antibiotic pressure on bacterial populations
is the most effective approach to fight bacterial
resistance.
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OaktepuanHa MemOpana (10). Te neiictBar
Kato eQUyKCHM TOMIM, KaTo mpe3 TiIX ce
OCHTYpsiBa IIMPOK W3Ta3 Ha TPOTEWHH W JPYTH
cyOCTaHIIMM  BKJIIOUMTEIIHO  aHTHOAKTEpHUATHU
MenMKaMeHTH. ToBa € BakeH MEXaHU3bM 3a
OakTepuanHa PE3UCTEHTHOCT KbM TeTPALMKIMHY,
(ITyOpOXMHOIOHN, aMUHOTIIMKO3UIN. Toli € pa3BuT
Opd MHOTO TPaMOTPUIIATETTHH OaKTepuH, KOUTO
UMaT CrocoOHOCTTa Jla oTcTpaHsBaT Ab Monekyu,
CTUTHaJIM A0 MepuruiazMaTta. Pe3ucTeHTHOcTTa Ha
P. aeruginosa XpM MHOXKECTBO KapOarlieHeMHu ce
3acHiBa OT CBPBXIPOAYKIMATA Ha edIyKCHUTE
nomMnu (6). Ta3u pe3UCTEHTHOCT YECTO ce
CbyeTaBa CbC CBPBXIPOAYKUMA Ha [-lakramasu
W ¢ HaMassiBaHe TiepMeaOuinTeTa Ha BBHHIIHUTE
MeMOpaHHM npoTenHu. bopbara ¢ Ta3u pe3rcTeHT-
HOCT C€ OCBILECTBsIBA B JIBE HAMPABIEHUS - MPOMSHA
B CTpyKTypara Ha aHTMOMOTHKA, HENO3BOJjsABalla
pa3ro3HaBaHETO MY OT TPAHCTOPTHUTE TNPOTEHHU
(TurneuuknvHa) U pazpaboTBaHe HA UHXUOUTOPU HA
e(IyKCHUTE TOMITH.

3AKJIIOYEHHUE

*  Pa3BuTHeTO Ha pE3UCTEHTHOCT € Hali-CEpUO3HaTa
rnocjeauua Ha  aHTMOMOTHUYHO  JIeUeHUe,
00e3MHCTISIIA YeCTO MBTH MPUIIOKEHNETO UM.

* B pa3zBuBammTe ce CTpaHM AHTUOMOTHYHATA
ynotpeda € HEKOHTPOJUpaHa. AHTUOUOTHIIUTE,
KOUTO C€ W3HACAT B T€3U CTPaHU Ca €BTHHU
W C HEsACHA YHWCTOTa W aBTEHTUYHOCT, KOETO
M03BOJISIBa IMPOKATa UM yIoTpeda.

e Cp3maBaHeT0 Ha  HOB  AHTHOMOTHK €
W3KITFOUYUTENTHO CKbBIO, @ MPOABDKUTETHOCTTA
Ha TpWJIOXKEHWE KpaTKo, TOpaar  KOETo
¢dapmaniepTHUHUTE KOMMAHUW TYOST MHTEpeC
KbM Ta3u AEHHOCT.

e C ormen KiIMHMYHATa e(QEKTUBHOCT ce
W3BBPIIBAT MOAMMUKALMK B MOJISKYJIUTE,
KOWTO T'Ml TIPABAT yCTOMUMBU HA PE3UCTEHTHOCT.
Te3sn mnpoMeHM HamansBaT OakTepULUIHATA
UM e(eKTUBHOCT, KOETO NpaBU Cbh3JaBAHETO
Ha YCTOWYMBM aHTHOAKTEPUAIIHU MOJICKYJIH
He 0cO00eHO e(eKTHBEH MOAXO0J, Ype3 KOUTO ce
MOCTHUra OTJaraHe, Ho He M pelaBaHe npodiema.

* bakTtepuanHarta pe3UCTEHTHOCT €BOJIIOMpPA U
ce pa3mpocTpaHsiBa 0bp30, 0COOEHO TMa3Mu-
MeIuMpaHaTa, KOSATO YeCTO € HOCHTe]l Ha
pa3HooOpa3Ha Pe3UCTEHTHOCT KbM MHOXKECTBO
AHTUOMOTUYHU CPE/ICTBA.

e Hskom moaxonm 3a Oopba ¢ pPe3nCTEHTHOCTTA,
Karo TOpelo MpernopbYBAHUTE LMUKIWIHU
PEXKUMU - BPEMEHHOTO OTCTPAHSIBAHE HA HIKOU
aHTHOMOTHIIN OT YMOTpeda, ChIIO Ce € 0Kazalo
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HeedekTrBHO. Clies1 CTMPaHeTo Ha AaHTUOMOTHKA,
PE3UCTEHTHOCTTa HE €€ OTCTpaHsBa HAaIbJIHO
M CKOPO CIlel BKIFOUBAHETO MY B JieueOHHTE
cXeMH T Obp30 AOCTUTA MPEANIIHI HIBA.
KoHTpobT BBpXY NPEeANHCBaHUTE aHTHOUOTHLIN
W OrpaHMYaBaHETO Ha M3MOJI3BAHETO UM
nmpemMaxBa  Hafl-BaKHUS  MEXaHM3BM 32
pa3BUTHE HAa PE3UCTEHTHOCT — CEJEKTUBHUS
AHTHUOMOTHYEH HATUCK BBPXY OakTepualHuTe
nomyjnaluud U € Hail-e(peKTMBHUS MOAXOH 32
Oopba ¢ 6akTeprarHaTa pe3NCTEHTHOCT.
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