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CAKETAK

VYBon/umwib Y mocienwoj aeueHuju 3abenexeHo je mnosehame pesucreHuuje ['pam-
MNO3UTUBHUX KOKa Ha aHTUOMOTHKE M3 IpyIe MaKpoJuja, JIMHKO3aMHJa M CTPENTOrpaMuHa
A/b (MLSa/b). CnoxxeHn MexaHu3MH pesucTeHimje Ha MLS aHTHOMOTHKE YKIBYUY]y:
MonupuKanujy pudo30oMa, aKTUBHO UW30anUBamkbe aHTHOMOTHKA W MOAU(PHUKAIHU]Y
anTrOnoTHKa. [lopoauia reHa ONrOBOPHUX 32 KOAMPAWmE €H3UMa KOjU BpIIE METHIALH]y
pubo3oma je o3HaueHa ckpahenuiiom erm (on eHri. erythromycin resistance methylase) u
JIOBOJIE /10 T0jaBe YHAKPCHE PE3UCTEHIIMje HAa MaKpOJHJIE, JIMHKO3AMHJIE U CTPENTOrPaMHUHE
rpyne b (MLSDb). Ilpodun pesucrenumje moznar kao MLSb denorun moxe OuTH:
uaaynuounad (iMLSb) u xoncturytuBan (cMLSb). CojeBu ca erm mnocperoBaHOM
€PUTPOMULIMH PE3UCTEHIIMjOM MOTY C€ TIOKa3aTH OCETJHUBUM Ha KIWHAAMUIMH Yy PyTHHCKOM

JMCK TU(Y31MOHOM TECTHPamy OCETIHUBOCTH.

HubeBu YTBpauTH yuecTanocT (EHOTUIIOBA U TeHa pe3ucTeHyje Ha MLS anTuOnoTnke Koj

I'paM-no3uTHBHKUX KOKa Ha moApyYjy jyrouctoune Cpouje.

Metone MLS ¢enorunosu pesucrennmje: KOHCTUTYTUBHU (CMLSD), unnynnoumau (iMLSb),
M/MSb u LSa/b, 6umu cy yrtBphenn aymm-muck audysuonom metogom (D-tectom).
Ucnurano je 2366 kmuHHYKMX u30maTa [ pamM-MO3UTHBHUX KOKAa, CAKYIJBEHHX Y TOKY
jemHoroUIIERET Tiepruoda y LlenTpy 3a MukpoOHosorrjy 3aBoja 3a jaBHO 31paBibe Bpame.
I'enn xoju kogupajy MLSb pesuctenumjy (ermA, ermB, ermC, msrA, msrB, mefA/E, InuA,

InuB, IsaA n IsaC) cy unentudukoBanu kopumhemem Mynturuiekc PCR-a.

Pesyaratu HajBehy yuecTtanocT pe3uCTeHIMje HAa EPUTPOMHUIMH HUMalld Cy H30JaTH
METHLWINH-PE3UCTEHTHUX KoaryJia3a-HeratuBHuX cradmiokoka (MRCNS, 91,5%), 3atum
MeTUIUIUH-pe3ucTeHTHUX S. aureus (MRSA, 86,4%) u earepokoka (80,8%). Huxa, anmu jorn
YBEK BUCOKa CTOIA PE3UCTEHIIM]j€ HAa EpUTPOMUIIMH je OMla MPUCYTHA U KOJ APYTUX M30J1aTa
I'pam-no3utuBHUX Koka. Hacympor Makponuauma, U3y3eB 3a uzosate Enterococcus spp.
(96,7%), Streptococcus pneumoniae (35,9%) n MRSA (28,4%), npyru uszonatu ['pam-
MO3UTUBHHX KOKa Cy MOKa3aJIy 3Ha4ajHO HIKY PE3UCTEHLN]Y Ha KINUHAAMUIIMH. OTKPHIU CMO
na je iMLSb ¢enotun HajydecTanmju Koja cTa(HIOKOKa, KOJ €HTEpOKOKa M OakTepuja S.
agalactiae u S. pnemoniae 6wo je nomuaanTan cMLSb ¢enorur, ok je M/MSb denoTun 6mo

Hajuernthe mpucyTaH koj Oaktepuja S. pyogenes. On yKyITHOT Opoja M30J1aTa YETHPHU COja Cy
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nokasana HoBH "keyhole" ¢enorun. Hajuemrhn nojeanHayny reHN ¥ BUXOBE KOMOWHAIH]E
JIeTeKToBaHe Koj cradmiokoka cy Oumne msrA/B, ermC u ermC+msrA/B, nok cy kon

EHTEPOKOKA U 3-XeMOTUTHUKHUX CTpENnTOKOKa Ouie [saA, ermB u ermB+IsaA.

3akpyuyak YTBpAWIM CMO BHCOKY CTOIy PE3UCTEHIMjE HA EPUTPOMHUIIMH Koi ['pam-
MO3UTUBHUX KOKa. MEeTHIIMIINH-PE3UCTEHTHE CTA(MIIOKOKE Cy OMJie 3HA4ajHO PE3UCTCHTHH]E
Ha MLS anTHOMOTHKE y OJHOCY Ha METHIWIIMH-CEH3WTHBHE cTadmiokoke. Hajuemrhe
uneHTugrkoBanu TeH MLS pesuctenmuje mel)y craduiokokama 6uo je ermC, mok je mehy
EHTEepPOKOKaMa M -XeMOJIMTHIKHIM CTpenTOKOKaMa O0uo ermB reH. YTBpheHa je jacHa pazimka
y obOpacity MLS ocerspuBocTH Mel)y craduiokokama M eHTEpOKOKaMa/CTPENTOKOKaMa |
notBpheHa je HeonmxomHOCT yBohewa D Tecta y pyTHHCKOM TeCTHpamy aHTHMHUKPOOHE

OCCTJbMBOCTHU KO HM30J1aTa CTa(I)I/IHOKOKa.

Kibyune peun: ['pam-nmozutuBHe koke; D-tect; MLS dhenoTun pesucrenuuje; erm; msrA/B;

IsaA; InuA/ B ren.



ABSTRACT

Introduction The increase of resistance to macrolide, lincosamide, and streptogramin a/b
antibiotics (MLSa/b) among Gram-positive cocci has been reported in the last decade. The
complex mechanisms of resistance to MLS antibiotics include: modification of ribosome,
active efflux of antibiotics and antibiotic inactivation. The gene family called erm
(erythromycin  resistance  methylase) that encoding enzymes responsible for
ribosome methylation leads to cross- resistance to macrolides, lincosamides and streptogramin
b (MLSDb resistance phenotype). The antimicrobial resistance profile known as MLSb
resistance phenotype can be either inducible (iMLSb) and constitutive (¢cMLSb). Macrolide
resistant strains carrying erm gene can show false sensitivity to clindamycin, using routine

antimicrobial susceptibility test.

Objective This study investigated the prevalence of MLS resistance phenotypes and genes in

Gram-positive cocci in region of the Southeast Serbia.

Methods MLS resistance phenotypes: constitutive (¢cMLSb), inducible (iMLSb), M/MSb, and
LSa/b, were determined by the double-disk diffusion method. We have analyzed 2366 clinical
isolates of Gram-positive cocci, collected during 1-year period at the Center for Microbiology
of the Public Health Institute in Vranje, Serbia. The MLS resistance genes (ermA, ermB, ermC,

msrA, msrB, mefA/E, InuA, InuB, IsaA, and IsaC) were identified by multiplex PCR.

Results The highest frequencies of isolates resistant to erythromycin were found among
methicillin-resistant coagulase-negative staphylococci (MRCNS, 91.5%), methicillin-resistant
S. aureus (MRSA, 86.4%) and Enterococcus strains (80.8%). Lower, but still high resistance
rate to erythromycin was found among other Gram-positive cocci. Contrary to macrolides,
except for Enterococcus spp. (96.7%), S. pneumoniae (35.9%), and MRSA (28.4%), other
Gram-positive cocci showed significantly lower resistance to clindamycin. We have found that
iMLSD is the most prevalent phenotype in staphylococci, the cMLSb is predominantly in
enterococci, S. agalactiae, and S. pnemoniae, whereas the M/MSb phenotype is the most
frequent in S. pyogenes. LSa/b phenotype was the most common in enterococci and beta
haemolytic streptococci, but nearly or totally absented among staphylococci, S. pneumoniae,
and S. pyogenes. The novel keyhole zone phenomenon was detected in four out of total number

of clinical isolates. The most prevalent MLS resistance genes and their combinations detected
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in staphylococci were msrA/B, ermC and ermC+msrA/B, whereas IsaA, ermB u ermB+ilsaA

were predominantly found in enterococci and beta haemolytic streptococci.

Conclusion Generally, high rates of erythromycin resistance in Gram-positive cocci was
found. The methicillin-resistant staphylococci were significantly more resistant to MLS
antibiotics than methicillin-sensitive staphylococci. The most frequent MLS resistance gen
among staphylococci isolates was ermC, whereas the ermB gen was the most prevalent in
enterococci and B-haemolytic streptococci. We have also discovered a clear differences of MLS
resistance pattern in staphylococci and enterococci/streptococci, and confirmed the necessity

of routine D-testing of all clinical isolates of staphylococci.

Keywords: Gram-positive cocci; MLSb resistance phenotypes; D-test; erm; msrA/B; IsaA,

InuA/ B genes.
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YBOJI

1 YBOJ

Pesucrenunja Ha antubuotuke wMely ['pam-HeraruBHMM OakTepujamMa je yBeK Owuia
M3paXeHWja W MPUCYTHHja HETO Koj ['pamM-mo3uTuBHUX KOka. Melytum, 300r cBe Behe m
HEKOHTPOJIMCAaHE NPUMEHE aHTUOMOTHKA, MHPeKIHje n3a3BaHe [ pamM-MO3UTHBHUM KOKama
noctajy cBe Behu Tepamujcku mpobiem. I'MUKoMenTUAX W BaHKOMHIIMH Kao HajTO3HATUjU
bUXOB MPEJICTABHUK Cy MOCIEIha INHIja aHTUONOTHKA Y JIeUehy MyJITUpE3ncTeTHUX I'pam-
MO3UTHUBHUX Koka. MelyyTum, Beh cy n3onoBanu cojeBr OakTepHja KOjU Cy PE3UCTEHTHH U Ha
Te anTuOnoTuke. [locToje ABa BakHA IMyTa MPEHOIICHA T'eHa PE3UCTEHINje Ha aHTHONOTHKE
ca JKMBOTHIbA Ha JbyAE, NUPEKTHH W HHIAUPEKTHH TpaHchep. [dupexTHa TpaHcMucuja
pesucrennmje ce noralla kama pPE3UCTEHTHE >KMBOTHUELCKE OakTepwje WHOUIMPAjy JbyIe.
WHaupekTHH TyT je Kaxa pe3uCTeHTHEe OaKTepuje MOpEeKJIOM M3 JKMBOTHH-A Mpedare reHe
PE3UCTEHIINj€ XOPU30HTAIIHOM TPaHCMHUCHjOM Ha XyMaHy momynanujy Oakrepuja. OBo ce
JeliaBa Kaja aHMMAJHU COjJeBHM NPEXHBE, Oap NMPHUBPEMEHO Ha JbYJIUMa, NPEBACXOIHO Yy
JIUTECTUBHOM TpakTy Jbyad [1, 2, 3, 4]. 300r Tora cy MakpoJIMJIH ¥ JTUHKO3aMUM jaKO OUTHH
y Jedemy WH(EKIUja u3a3BaHMX | pamM-TIO3UTHBHUM KOKama, a yTBphuBame TmpaBe
OCETJPMBOCTH Ha FHHX IOCTaje O] CYIITHHCKE BaXHOCTH. [10jaBa MHAYyIIMOMIHE pe3ucTeHIIN]je
Ha KIWHIAMUIIMH, KOja C€ y TOKYy Tepamdje JMHKO3aMHIMMa jako Op30 KOHBEpPTYje Yy
KOHCTUTYTHBHY W JOBOJM [0 HEyClleXa Yy Jieuehy IMPEACTaBba BEIHKH TpolieM
KIMHU4YapuMa. Tako Ja no3HaBame MeXaHW3aMa Pe3UCTeHIIM]je Ha aHTUOMOTHKE HUje MUTambe

CaMO HAaY4YHO UCTpPaXMBAYKUX I/IHCTI/ITyI_II/Ija Beh M KIMHUYKHX MI/IKpO6I/IOHOFa.

Mynrupe3ucrentHe ['paM-mo3uTHBHE, MatoreHe koke (Tj. Streptococcus pneumoniae,
Streptococcus pyogenes, Streptococcus agalactiae, Staphylococcus aureus, Enterococcus
faecalis u Enterococcus faecium) cy onroBopHe 3a BehuHy HH(pEKIHja CTCUCHUX Yy 3ajSTHUIN
1 OOJIHMYKOM OKpY’KemY M pacTyha cy mpeTma jaBHOM 37paBiby. bakrepujcka pesucTeHiuja
ce pa3BWiia JI0 KIMHUYKH Haj3HAYajHUjUX aHTHOMOTHKA W HAcTaje Kpo3 jelaH Oj TpH
MeXaHH3aMa pPe3uCTeHIHje: MOoIU(HKaIja MeCTa Be3UBaha, MHAKTHBAIIM]a JIEKA WITH aKTUBHU
nporec n3danuBama jeka u3 hemuje. OBH MexaHM3MH J0BOJE 10 moBehama Tpomkosa y
Jedery MHQEKIMja M3a3BaHUX OBUM OakTepujama, ajl TPOIIKOBH MOTY OWTH yOIa)KeHH
KOHTPOJIOM €KCIIpeCHje T'eHa W/WIM MPOTEHHA OATOBOPHUX 33 PE3UCTCHIHN]Y Yy OJICYCTBY

aHTHOMOTHKa. 300T KOHCTUTYTHBHE €KCIpECHje TI'eHa PEe3UCTEHIHje MOry C€ CMamHUTU



YBOJI

TPOIIKOBM U MOKE C€ CTBOPHUTH CEJIEKTHBHU MPHUTHUCAK HAa JAMCEMHUHALN]y pPE3UCTEHIH]e,
MOIITO C€ WHAYIMOWIHU T€HU PE3UCTEHINje JUCEMUHY]Yy MHOTO CIPEMHHjE ¥ TIEP3UCTHPAjY
Jy’)ke y 0aKkTepHjCKoj TIOMyJIaliju. Y3 TO, 4eCTO IMpeia3Ha MPUPoia eKCIPECH]je KOMIUIUKY]e
KJIMHUYKY JI€TeKIH]y MHIYyLIUOUIHE pe3ucTeHLrje (PEHOTUIICKMM TECTOBHMA OCETJBUBOCTH.
OBO MOXe JOBECTH /10 Heycmexa y Jeuyermy 300r Tora IITO M30J1aTH MOTy OMTH MHOTO
PE3UCTEHTHHjH in Vivo HEro ImTO je yTBpPH)EHO in Vitro WM MOTy WUMaTH HIMPU CIIEKTap
PE3UCTEHIMje O]l OUYeKHBaHOT. PazymeBame MOJIEKylIapHe OCHOBE MHAYKIHje, YKIbYdyjyhu
(U3MOTIOMIKY yIIOTY M MEXaHHW3ME OYMTaBama W pearoBama Ha aHTHOMOTHKE, J03BOJhaBa
eBalyalrjy WHIYKIMOHHX MeXaHW3amMa Kao TOTCHIMjaTHUX AHTUMHUKPOOHUX IMJbEBA MU

MOMake Y JM3ajHUpaby U OTKPUBaky HEMHIYKYjyNUX aHTUMHKpOOHHX areHaca [5].

CojeBn ['paM-mo3uTBHUX OakTepuja, KOjU TMOKa3yjy WHAYIUOWIHY KIUHIAMUIMH-
PE3UCTEHIN]Y Y KOHBEHIIMOHAIHUM i1 Vitro TeCTOBHMA, OJJIHMKY]y C€ pe3ucTeHTHomhy Ha
EpPUTPOMHULIMH M OceTJbHBOIINY Ha KiIMHAAMUIMH. OBH cojeBH, MelyTHM, MMajy BUCOKH
CTEIleH MyTalfja ¥ TOKOM Tepanuje aHTHOMOTUIIMMAa MOTY DPa3BHTH KOHCTUTYTHUBHH THII
pe3ucTeHIyje. Y TUM CilydajeBHUMa Tepanujcka yrnorpeda KIMHAAMHUINHA MOXE JOBECTH 10
celieknMje KOHCTHTYTHBHMX MLSb MyTanata m HeychmemHocTH Tepamuje. 300r Tora je
HEOIXO/HO Jla C€ Y PYTHHCKOM pajay CBH €PUTPOMHIIMH PE3UCTEHTHH COjEBU CTA(PHIOKOKA
ucnuTajy D-TecToM, Kako OW ce U3IBOjHIIH COjEBU KOjU MMajy TeHETCKH MOTEHIHjal Ja TOKOM
Tepanuje pa3Bujy Pe3UCTEHIN]y O] COjeBa KOjH Cy 3aKcTa OCETJbHBH Ha KIMHAamMuiuH. Ca
JpyTe CTpaHe, YKOIMKO OMCMO CBE cojeBe OakTepuja Koje Cy Pe3HCTEHTHE Ha epUTPOMUIINH
NPOTJIACHIA UCTOBPEMEHO PE3MCTEHTHUM M Ha KIMHIAMHIWH, U3ryOmmu OucmMo moryhHoCT
NpUMEHE KIMHAaMUIIMHA y Cly4ajeBUMa WH(EKIHMja W3a3BaHUX COjeBHMa KOjU Cy 3aucTa
OCETJbUBH Ha 0Baj aHTHOMOTHK. Ca KIIMHUYKOT acIeKTa, TO 3HauH Jia ce y Tepanuju nHdekuuja
n3a3BaHuX OaKkTepujama Koje Cy in Vifro pe3UCTEeHTHE Ha ePUTPOMHMIINH, KIIMHIAMUIIH HE CMe

KopucTuTH 0e3 mpeTxonHe nposepe D-tecTom.

300r cBera HaBeAEHOT HEOMXOAHO je Ja ce D-TecT MMIUIEeMEHTHpa Yy PYTHHCKU Paji CBUX
MUKpOOHOJIOMIKUX Jaboparopuja, yuMe OM ce HampaBuia pa3nuka uzMely cojeBa Koju
NOKa3yjy NpaBy OCETJBMBOCT Ha KIMHIAMUIMH W OHUX KOJU TIOKa3yjy HHIYLHOHIHY

KITWHIAMUALITH-PE3UCTEHITH]Y .



YBOJI

1.1 Staphylococcus aureus

Cradunoxoke npunanajy Phylum Firmicutes, knacu 111 Bacilli, peny Bacillales, damunuju
Staphylococcaceae [6]. One cy ['paM-TIO3UTHBHE JIONTACTE KOKE KOje ce MpH JcO0H He Jeie
MOTIIYHO TaKO Jla 0CTajy y Tpo3nactoj popmanuju, 30or geode y Tpu mpasna [7]. Ctadumokoke

cy I'paM-Tio3UTHBHE KOKE, KaTanas3a MO3UTUBHE, HETIOKPETHE, He popmupajy crope [8].

Crienjanuja n3oaTta je eceHIMjajiHa 3a pa3iuKoBame Oaktepuja Staphylococcus aureus on
KoaryJja3a HeraTuBHUX craduinokoka [9]. bakrepuje cy naentuduxosane kao Staphylococcus
aureus Ha OCHOBY IUXOBUX KapaKTEPUCTHKA PacTa, Karaias3a TecTa, IPOIyKIHje Koaryiase,
cinajn tecta Ha "clumping" dakrop, pepmeHTaMje MaHNTONA U )KYTHUX KOJIOHHW]ja HA MAHUTOJ
cianom arapy [10]. Jenmna Hajmoy3gaHuja KapakTepucTtuka Staphylococcus-a BaxHa 3a
UJIeHTU(HKALU]Y je Koaryna3a TecT. KOHBeHIIMOHAIHY Koaryasa TeCT c€ MOYKEe BPIIMTH Ha
wioun My enpyBetu. Hajsehu Opoj cojeBa S. aureus BpcTe MMajy Be3aHy Koaryiasy
("clumping factor") ma moBpumHu henujckor 3uma. OBaj ¢akTop pearyje AMPEKTHO ca
(hubpuHOTEHOM U3 Ia3Me, n3asuBajyhu o6p3y henujcky arnmyrunanujy [11]. ArnyTtrHanuja Ha
TUTOYMIIA 33 JISTCKIU]y Be3aHe KoaryJsase je BeoMa Op3u TecT, aiu 1o 15% S. aureus cojeBa je
HETaTHBHO, TAaKO Ja HW30JIaTH HETaTWBHU HAa IUIOYHMIM MOpajy OWUTH TECTHpAaHH TECTOM
arJyTUHALM]e y enpyBeTH, noTBpaHUM TecToM [9]. Koarymnasa Tect y enpyBeTu ca mia3mMoM
KyHuha W TperiiefjameM enpyBere nocie 4 cata u mocie 24 cara je CTaHIApIHU TeCT 3a
pYTUHCKY uaeHTHQUKAUjy vrste S. aureus [9]. Koarynasa y enpyBeTd OBOM METOAOM ce
CEeKpeTyje eKCTpaleyIapHo U pearyje ca CyICTaHIIOM Y IIa3MHU 3BaHOM KoaryJasa pearyjyhu
(dakTop ¢ KojuM QopMHpa KOMILIEKC, KOjU 3ay3BpaT pearyje ca (uOpwHOTeHOM na Ou
dbopmupao ¢ubpun (yrpymak) [11]. Heke npyre Bpcre craduiokoka, Ykibydyjyhu
Staphylococcus schleiferi n Staphylococcus intermedius mMory Takoh)e naTu TO3UTHBAH
pe3yaTar Koaryiasa TECTOM Y eTpPYBETH, alld HUCY YECTH M30JIaTH KOJ XyMaHUX HH(pEKIuja
[9]. S. aureus mponmykyje ne3okxcupubOonykieasy (DNaza) m TepMocTaOWIHY HyKIIeazy
(Tepmonykiieasa, TNaza) u pepmenTyje Heke mehepe u ManuTon [7]. OBa CBOjCTBa ce KOpHCTE
y CNUAEMHOJIONIKHM CTyJaMjama jJa OM ce JeTeKTOBao S. aureus u3 3emibe, dereca U y
CKPUHHHTY Ha3aJTHOT KJIMIOHOIITBA OakTepujama S. aureus. MaHUTOII CIIaHU arap ce KOPUCTH
Kao CENEeKTUBHA M JAu(epeHIUjaTHa Toyiora 3a uiaeHTtudukanujy spere S. aureus. Ilognora
nobuje xxyTy 00jy, JOK Koaryjiasa HeraTHBHE CTa(pHIOKOKE HE MEmajy 00jy Tojyiore, ¥ OHa
octaje npBeHa [12]. ['y3maH u Kojere Cy pa3BWIM UMYHOJIOIIKH TECT 3a WIACHTHU(DUKAIU]Y

BpcTe S. aureus KOjU c€ KOPUCTH 3a UCTOBPEMEHY ACTEKIMjy mpoTemHa A u endo-beta-N-
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acetilglukozamidaze (SaG), eH3umMa Koju MPOAYKYjy cBH u301aTu oBe Bpcte [8]. CuHTeTHCaHn
Cy TIpajMepH U ITpo0e 3a yMHOKaBamke U ACTEKIIN]Y mecA TeHa S. aureus v NCTINTaHA j¢ lbUX0Ba
KOPUCHOCT y TIOTBPIY KYJITHBAall{jOM W JIUPEKTHOM JETEKIMjOM Anuc TE€Ha KOju KOAWpa

TepMOCTaOUITHY eHOHYyKIIea3y OakTepuja S. aureus.

Tunuune 24-0po YyacoBHE KOJNOHUje S. aureus Cy BEeIUKE, KpeM-XKyTe JI0 HapaHpacte 0oje u
OHE XxeMoun3upajy kKpBHU arap [13]. Hajmoznatuju moBpmmHCKH poTenH OakTepuja S. aureus
je cradmiokokHu nporenH A (Spa). Spa je OWo WM30JI0BaH TPBU IMyT U3 S. aureus TMOcie
mu3octadpun gurectuje 1972. ronune [14]. On cagpxku 5 rotoBo naeHTHYHUX [g-Besyjyhnx
noMeHa, nosumMoppHu pernod X u C TepMuHalHy CeKBEHLly npuuBpiuheny 3a henujcku 3ua
[15, 16, 17]. X peruoH spa reHa cajip>kKu BUCOKO MOJIUMOP(HY CEKBEHIYy KOja je cacTaBJbeHa
oJ moHaJbajyhux cexsenim ox1 24 bp [18]. Spa ce Besyje 3a Fc pernon IgG u 610kupa meroso
HOpManHO (yHKIHOHHCamke. OBO MHXMOMIIE (aronuTo’y U MOXKE MACKHpaTH OaKTepHjy H
3aITUTUTH je OJ YypoheHOr HMyHOr cucTeMa crpedaBajyhu orcoHm3anuja-3aBUCHY
aKkTHBaIMjy kKackame komruieMeHnrta [19]. Ilporenn A je Takohe crmocobaH nma ce Besyje 3a
tpomborute ipexo gC1qR/p33 penentopa u BoH Bunebpanmosor dakropa [20, 21]. Y3 To,
Spa TUNH3UpamE je HAIUPOKO YNnoTpeOspaBaHa MeTo/a MeHOTHNH3Mpama 3a ynopehupame
usonara S. aureus, 300r Bucoko BapujabuiHor X-peruona [18]. KommnoHneHTe Ha MOBPIIMHA
henuje, ykipyuyjyhu nonucaxapuiHy Karncyiy ¥ KOMIIOHEHTe hennjcKor 3u/a NenTH I0TINKaH,
UMajy pa3IUuuTe yJore y maroreHe3m Oakrtepuja S. aureus. MyKouaHa Kamcyja MOXe
Omokupatu (ParonuTo’y MacKHpameM KoMiuieMeHT ¢akTtopa C3b BesaHor 3a henmjcku 3un
[22]. Renujcku 3un S. aureus ce cacTOjy O] MENTUAOTIINKAHA U TEMXOMHCKE KUCEIINHE, KOja je
MOBe3aHa WM ca MEeNTUAONIUKaHOM uiu henujckum 3usoMm [23]. Takole, MHOTH TOBPIIMHCKA
npoTenHU crauinokoka cy yrpahenn y heaujcku 3un. Bumie o 90% cBUX KIMHUYKHX H30J1aTa
S. aureus Cy IpEeKPUBEHHU MOIHMCAXaPUIHOM KalCyJIOM U J10Ca je perucTpoBano 11 HaBogHUX
KarcyJIapHUX CEpOTHIIOBA, Of KOjux cy Hajuenthu ceporumnoBu 5 u 8. O0a oBa ceportura cy
gecra Mehy H301aTuMa u3 KIMHUYKAX HHPEKIHja Kao U U3 KoMeHcanHne ¢uope [24]. ['enom S.
aureus €€ CaCTOju OJf jJeTHOT KPY>KHOT XpOMO30Ma Ca WHCEPIUOHUM CEKBEHIaMa,
TPaHCIIO30HUMA U TeHOMCKUM ocTpBumMa [25]. [Ipodaru u ocTpBIa NAaTOr€HOCTH Cy OCEOHO
OWIIM BaKHU Yy €BOJYLHWjU W BupyneHuuju S. aureus [25]. Jlo naHac, ceKBEHIIMOHUPAHO je
HEKOJIMKO KOMIUICTHUX TeHoMma S. aqureus 'y OKBHPY pa3IHUUTHX IpojeKaTa 3a
CEKBEHIIMOHMpame TeHoma [26, 27]. 'enomu S. aureus cy BenuumHe TpHONIKHO 2,9

MerabasHux maposa (Mbp), ca penatuBHOo HUCKUM caapxkajeM G+C [25].
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S. aureus je naneko HajBaKHHja MaTOreHa OAaKTepHja KO JbYAM W HajBUPYJICHTHHja IO Cal
OTKpHBEHa Bpcra pona Staphylococcus [28]. S. aureus umHH HOpMaaHy XyMaHy ¢iopy
HO3IIpBa, Ha30(hapHuHKCa, IEPUHEYMa B KOXKE, MOXKEe KOJIOHU30BATH Pa3IUUUTE CIUTENC WIN
ciry3okoxe. [Ipenme HOCHUIIE ce cMaTpajy MPUMapHUM MECTOM KOJIOHHM3AIUje U MPUOIIIKHO

30% 3apaBHUX JbYAH HOCU OBY OakTepHjy y CBOJUM HOCHMLIaMa [29].

S. aureus MOKe M3a3BaTH BEIUKH OpPOj Pa3IMIUTHX 000JbeHba, 01 OJarux HHQEKIHja Koxke 10
(aramaux oOmmka Oakrtepujemuja. Hajuemha wnHbeknmja Oaktepujom S. aureus je
MOBPIIMHCKA yTaJia KoKe, yPYHKYI Wiin 9up. J[pyre Ko)He U MOTKOKHE HH(EKIH]e U3a3BaHe
Oaktepujama S. aureus yxkIbydyjy (omukynutHce, KapOyHKYyJe, IeNyJIUTUCE, MACTUTHICE U
uMIeTura. S. aureus MOXXe Takohe n3a3BaTu XpOHUYHE MH(EKLHje KOXKe U MEKOI' TKUBA KOJ
Jbynu ca HeKMM apyruMm nopemehajuma. MHoro texe uHgpekuuje Oakrepujama S. aureus
YKJbY4yjy OCTEOMHjEJMTHCE, IMHEYMOHHWjE, apTPUTHCE, CHUHAPOM OINAapeHe KOXKe,
SHJIOKapAUTHCEe, MUOKapauTHCce, nepukapautuce u Oakrepujemuje [30, 31]. ITneymonwmje
CTEYCHE y 3ajeIHUIIN KOje M3a3uBa S. qureus HUACY YeCTe, aJld CE JemaBajy. ¥ OOIHHYKOM
OKPYXKEHY, S. aureus MOXe N3a3BaTH MTHEYMOHH]Y, ca 15-20% cMpTHOCTH. S. aureus je jenan
o]l Hajuemhux M3a3uBada HO30KOMHjaJIHUX MMHEYMOHHWja M MH(DEKIHMja XUPYPIIKAX paHa H
Tpehu 1o yuecranmocTd je W3a3uBady HO30KOMHUjUTHMX WHQEKIWja KPBU Y jeIUHHUIIAMA
unteHsuBHe Here y CAJl-y ox 2000. no 2004. rogune [31]. Y3 10, 2005. roaune, NpouemHEHO
je na je ouno 478 000 xocnutanmzanuja 30or uHbekuje obakrepujom S. aureus y CAJl-y [32].
S. aureus je Bogehm y3pouHuk OakTepujeMuja W MOBE3aH j€ Ca BUCOKHM MOPOHIUTETOM H
moptanuteToM [33]. Ilpema HammonamHom peructpy 3apasHux obOosbemha (the National
Infectious Disease Register (NIDR)), S. aureus je romumme n3azpao 1200 6akTepujeMujcKux
undeknrja [34]. Hexomuko oOosbewa H3a3BaHa OakTepwjoM S. aureus cy TMOCIEIUIA
MOCPEI0OBaka TOKCUHA, YKJbYUyjyhu TpoBame XpaHOM, UMIETUTO, TOKCHYHHU IIOK CHUHAPOM
(TSS) u wnekporusupajyhy mnHeymonujy. CraduIoKOKHM EHTEPOTOKCHH YHECEH IPEeKO
KOHTaMUHHPAaHE XpaHe W3a3uBa camoorpaHudaBajyhe CTaQHUIOKOKHO TpOBame XpaHOM.
Cumnromu cTapMIOKOKHOT TPOBamkba XpPaHOM YKJbYUYjy My4HUHY, IoBpahame, TaBo0osby 1
pehe mmjapejy [31]. TSS Hacraje 300r TOKCHYHOT IIOK CHHIPOM TOKCHMHA 1, Koju je jak
cynepantureH [35, 36]. Mencrpyanuu TSS je mose3aHn ca Bucoko ancop0OyjyhuM TaMroHuMa
y momyJanuju IpeTXoaHo 3ApaBux xeHa [37]. Tunnyna Mecta KooHHU3aHje OaKTepUjoM S.
aureus, OCUM Ha30(apuHKCa U HOCHUIIA, YKJbYUY]y KOXKY, HIEpHHEYM, (papHHKC 1, HEWTO pehe,
TacCTPOMHTECTUHAIHU TPAKT, BarnHy U akcuiie [38]. Ban benkaM u cap. cy mpeaoxXuiu caMmo

JIBa TWUTIA HOCHOT KJIMIIOHOWITBA S. aureus: mep3ucTeHTHH u apyru [39]. V cryaujama
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uspahenum y CA/Jl-y, npeBasneHIvja Ha3aTHOT KIUI[OHOIITBA ca OakTepujoM S. aureus je Ouna
nporewmheHa Ha 0ko 30% u HaheHa je HajBume kox aene usmely 6 u 7 romuna [40]. HazamHo
KJIMIIOHOMITBO S. aureus, NOCEOHO IEP3UCTEHTHO HA3aJTHO KITUIIOHOIITBO, MICHTH()HUKOBAHO je
Kao (hakTop pu3HKa 3a pa3Boj MHMEKIHje Y pasITUuIuTOM OKpyXewy. To je rimaBHH (dakTop
pu3uka Koja oxapeheHuX rpyna mnanujeHarta, Kao IITO Cy HalWjeHTH MOABPTHYTH HEKO]
XUPYPIIKOj HHTEPBEHITU]H MU XEMOJIUjATH3H U TIAIUjEHTH ca MHTPaBaCKyJIapHUM ypehajuma

u HIV undexumjom [41].

1.2 Koaryia3a HeraTuBHe CTapUJIOKOKe

Koarymaza HeratuBae craduiokoke, Mehy kojuma je u Staphylococcus epidermidis jenan on
Hajuemhux, Cy CYNITHHCKHM Mame BHPYJIGHTHE OJ BpcTe S. aureus W croamajy y
ONOPTYHUCTHYKH TaTOreHe MuKpoopranusme. Hajuemthe wuH(pexnuje wn3a3BaHe OBUM
OakTeprjaMa Cy HO30KOMHjaliHE OaKTepHjeMHje TIOBE3aHE Ca WHTPABEHCKHM KAaTETEpOM,
SHJOKapJUTUC T[IOBE3aH Ca BEIUTAYKHUM CPYaHUM BajiByJlama, HWH(]EKIMje Ha MeCTy
MHTPABEHCKOT KaTeTepa, WH(QEKIHje IMOBE3aHe Ca IIAHTOM I[epeOpOCIUHATHE TEYHOCTH,
UH(]EKIHje TTOBE3aHe Cca BEITAYKUM 3TII000BUMa, IOCTXUPYPIIKE OKyJIapHe HHPEKINje Kao U
OakTeprjeMuje Koa HOBopoheHUann y jeauHuuama uHTEeH3uBHe Here [28]. Staphylococcus
haemolyticus w Staphylococcus Ilugdunensis o0W4YHO W3a3uBajy WHQEKIUje HAKOH
UMIUIEMEHTaIje MeAWIMHCKUX HampaBa [28]. Staphylococcus saprophyticus ce decTo
MoBe3yje ca ypUHAPHOM WH(EKIMjOM CTEUYCHOM Yy 3ajeJHUIM KOJ| MIIAJHMX, CEKCYaTHO

aKTUBHHX XKeHa [28].

1.3 MeTHUMJINH Pe3UCTEHTHE CTAQUI0OKOKE M METHIIWINH CEH3UTUBHE
cTapuIoKOKe

Hemocpeano HakoH oTKpuha, MEHWIWIMH je OMO JIeK M300pa 3a jieuerme CTA(QUIOKOKHHUX
unpexuja. [TojaBa pe3nCTEHTHOCTH Ha MEHULWINH KOJ CTa(QUIIOKOKA je HacTala HIHPEeHEM
reHa KOju KOAMpajy MpoAyKuujy Oera makramaza myteMm Iuiasmuzga. Cana je mpeko 80%
n3osara crahuIoKOKa pe3UCTeHTHO Ha IEHUIHIWH [8] 300T npoaykiuje OeTa-akramasa, Koje
ce Be3yjy 3a aHTHOMOTHK M YHHWINTaBajy ra oTBapajyhm My Oera-JakTaMCKH TpcTeH [7].

HOJIYCI/IHTCTCKI/I NECHUIWINHY, NCHUOWJINHA3a PE3UCTCHTHU IMNCHUIUWINHHU, OKCAlWJIHNH U
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METHLWINH Cy TIOCTAIH JIGKOBH H300pa 3a Jederme HH(EKnrja H3a3BaHUX TEHUIMIHH
pe3ucTteHTHUM cTaduinokokoM [8]. TUnM4HU cojeBU CTAPUIOKOKA NMajy YeTUPH TCHULIUINH
Besyjyha mporeuna (PBP). OBu mpoTenHH cy €H3MMH KOjU KaTaju3yjy TpaHCIENTHUAA3HY
peakiujy Koja je HEOmXoJHa 3a CHHTe3y henujckor 3uaa. AHTUOMOTCKA aKTHBHOCT
OKCalLlWJIMHA j€ 3aCHOBaHa Ha CIIOCOOHOCTH JIeKa /1a popMUpa KOBAJICHTHY Be3y ca MEeHULMINH
Be3yjyhuM mpoTrenHuMa Ha aKTUBHOM MECTY M MHXUOWpa peakiujy TpaHcrnentuianmje [9].
Metunmnun pesucteHTHH S. aureus (MRSA) je 6uo npBu myT oTkpuBeH 1962. rogune u ox
OH/JIa je TIOCTA0 TJIABHU HO30KOMHM]jAJTHH IMATOTEH MIMPOM cBeTa. KacHUjU THIT PE3UCTCHIIH]E j©
HacTao 300r npucyctBa npomemeHor PBP nosnaror kao PBP2a (unu PBP2). PBP2 je konupan
01 CTpaHe mecA TeHa, KOjU je CMEIITEH Ha MOOWJIHOM €JIeMEHTY, CTa(UIOKOKHO]
XPOMO30MCKOj KaceTu mec (Sccmec), Koja je XOPHU30HTaIHO MPEeHOCHBa Mehy pa3induTum
BpcTama ctaduiokoka [42]. PBP2 uma Huzak ahunuTeT 3a cBe OeTa-IakTaMcKe aHTHONOTHKE,
OH HacTaBba Ja (QyHKIHOHHINIE J03BOJbaBajyhm Oakrtepuju na pacre u nenu ce [8].
Cradpuiokoke MOTY eKCIPUMOBATH M APYradydju MEXaHW3aM pPE3UCTCHIMje Ha Tepamujy y
OJTHOCY Ha KJIacmuHH Mexanu3am. OTkpuhe u KapakTepu3alyja BapijaHTH MaJIuX KOJIOHH]ja S.
aureus (Scvs) je oOe3bemuna HOBH TOTJEA Yy pa3yMeBamy IIaTOTCHE3e ITOBE3aHE ca
craduiiokOKHUM 00oJhemrMa [43]. BapujanTe Mamux KOJOHH]a S. aureus Ce CBE BUIIIE jaBJbajy
Yy PEKYpEeHTHMM H Tep3ucTeHTHHUM wuH(pexnujama [43, 44]. Scvs cy crekie cnocoOHOCT
MPEeKUBIbaBaha TOMITO MOTY Ja ce cakpujy yHyTap henmuje nmomahuwHa, KOja MX INTHTH O]
onopane nomahnHa U cMamyje BUXOBY H3N0XKEHOCT aHTHOMoTHIIMMA [45]. Kammbeme Taune
uAcHTU(UKAIM]E ¥ TECTa OCETILUBOCTH 300T CBE CIIOKEHUjUX TPOIeaypa y JlabopaTopujama
MOXE JIOBECTH JO Tpellaka Yy JUjarHOCTHIM W TOorpemHux Ttepanuja [45]. deHoruricka
nerexknrja MRSA je ogyBek mpoGiiemaTHdHa jOII 01 FbEHOT PBOT 10jaBJbHBama 1962, ronuHe
[46]. ®enoTHIICKA EKCTIpECH]a mecA TeHa MOXKe OUTH XETEPOTHUIICKA WIIM XOMOTHUIICKA U 300T
TOra JIeTeKlMja METHUIWIMH pPEe3UCTEeHIMje MoXKe 3axTeBaTtu MHAykKnujy PBP2a y cimyuajy
xetreporuricke ekcnpecuje [47]. Ilpomene ycioBa pacta Kao ITO Cy TeMmIeparypa u
KOHIIEHTpaIfja COoJM, 3HauajHO YTUUY Ha ekciipecujy pesuctennuje [47]. duck nudysznoHa
METO/JIa 0CTaje HAJIIUpe MPUMEHEHA Y PYTHHCKOM pajly KIIMHUYKUX J1abopaTopHja, MehyTum
MOCTOj€ W HEKH KOMEPIUjaTHI CHCTEMH 32 JIETeKINjy METUIIIINH pesnucTentiuje. Kox anck
TU(QY3MOHUX TECTOBA XHIIEPIPOIYKTOPH TEHUIMINHA3E MOTY TOKa3aTH Maje METHIWINH,
OKCallWJINH WU 1e(hOKCUTHH 30HE WHXHOUIHje JIOK MpaBH
METHUIIAINH/OKCAMITNH/TIe(POKCUTHH PE3UCTEHTHU W30JIaTH HE TOKAa3yjy 30HY WHXHOWIIH]E
[9]. Herexumja mecA reHa Wiy BEroBOT MPOAYKTa, IEHUIWINH Be3yjyher nporenna (PBP2a),

ce cMmarpa 3JaTHUM cTaHaapAoM 3a motBpay MRSA uzonara [46]. mecA gen je peryiucan
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penpecopom Mecl W METHLMIMH-PE3UCTEHTHUM pEryJaTOpHUM mpoTenHoM, MecR1. VYV
0JICyCTBY Oera-nakTamMckor aHTHOMOTHKa, Mecl moTuckyje TpaHckpumnuujy mecA, mecR1 un
mecl. Y npucyctBy Oera-nmakTamckux aHTHOMOTHKA, MecR1 ce ayTokartanuTuyky mouemna u
nomeH MecR1 koju je meranomnporeasa noctaje aktuBan. OBa MeTanonpeoTeasa nena Mecl,

J03BOJbaBajyhu Tpanckpuniujy mecA reny npoaykuujy PBP2a [48].

I'en mecA je nouupaH Ha MOOWJIHOM TEHETCKOM eJeMeHTy BenmmuuHe oj 20 kuiio0a3HUX
naposa (kbp) no Bume ox 100 kbp, koju je Ha3BaH cTaUIOKOKHA XPOMO30MCKa Kacera mec
(enrm. the staphylococcal cassette chromosome mec (SCCmec)) [49]. Cmatpa ce na SCCmec
BOJIY MOPEKJIO O APYruX OaKTEepUjCKUX BPCTa U Ja je€ HHTETrpUcaHa y XpoMo3oM S. aureus. Y3
TO, MOCTaBJbeHA je xunotes3a aAa ce SCCmec MpeHCH XOPU30HTATHOM TPAHCMHUCH]OM H3Mely
pasnmuunuTux BpcTa cradguinokoka [50, 51, 52, 53]. SCCmec ce cactoju U3 reHa Koju KOAUpPajy
cc pexomOmHa3e (eHri. cassette chromosome recombinase (ccr)), cmajajyhu pernon (J) m
JTMPEKTHO MTOHOBJBEHE CeKBeHIe 15-0a3nnx maposa (bp) Ha o6a kpaja. SCCmec je nmpucytan
Ha cneruduaHOM MecTy Ha Xpomo3omy, SCCmec Mecty BesuBama (attBscc), Ha 3’ kpajy
OTBOPEHOT OKBHpa uHuTama (eHri. open reading frame (ORF)) ca nemo3natoMm ¢yHKIHjoM
(orfX) [50, 49]. Ha ocHOBYy pa3nuKka y CTPYKTypW M BEIHYWHH, JO caja je uMeHoBaHo 10
rmaBaux tHnoBa (I-X) SCCmec n Hekonuko Bapujantu [49, 54, 55, 56, 57, 58, 59, 60, 61].
SCCmec tunosu I, 1V, V, VI u VII yrnaBHom u3a3uBajy pe3uCTEHLUjy Ha OeTa-IaKTaMcKe
aaTuomnotuke, 10Kk SCCmec tum 11 u 11l u3a3uBajy Mmyntupe3ucTeHnnjy 300r J0AaTHUX reHa
pesuctreniuje uHTerpucane y SCCmec [55]. SCCmec tvn je kinacu(pukoBaH IO mec
KOMIUIEKCY (pernoHy koju caapxku mecA, mecR, 1S/mecl, IS431) u ccr reHCKOM KOMILIEKCY
(pernoH ca reHMMa KOjHU KOJUPajy peKoMOuHa3e Kao mTo ¢y ccrA, ccrB i ccrC). SCCmec
MOXX€ OWTH TMOJAEJhEH Ha MOJATHUIIOBE HAa OCHOBY pazmumuutex J pernona (JI-J3), koju
OrpaHHuaBajy mec U ccr KoMIekc [49, 55, 62]. S. aureus Moxe Takole HOCUTH JIOAaTHE TeHE
pe3ucTeHIje Ha JPYTHM MECTHMa Y T€HOMY, Kao IITO Cy TPAaHCIIO30HH W Tutazmuau [63].
I'enepanno, Behura MRSA u3onara creuenux y 3ajennunu (eHrin. community aquired CA-
MRSA) sHoce SCCmec tuna IV, V i VII, nox ce SCCmec tunoswu 1, II u 11 yrmaBHOM Hamaze
Mehy u3onatuma creaeHnM y 6oaHuIM (eHri. hospital-acquired MRSA (HA-MRSA)) [55, 64].
Jo nanac Hucy Haljenu yOemsbuBu Ao0ka3u na cy MRSA cojeBu BupysientHuju o MSSA
cojeBa. SCCmec HEe caipXu HHjeJTaH T'e€H BUPYJICHIIMjE W 3aTO HUj€ TUPEKTHO IOBE3aH ca
Moryhum mnoBehamem Bupysiennuje MRSA wuzonara. MelyTum, Heke emueMHUOIIONIKE
CTyIlWje, YKIbY4yjyhu MeTa-aHanu3e, cy OTKpuiie moBehan MOpOUINTET U/ U MOPTAITUTET OJ1

Ho3okoMujatHUX MRSA mn3onata [65, 66]. Hacynpot Tome, npyre cTyauje cy mokasaie ga
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Hema mnoBehama y MopramuTtery 300r Ho3okomujamHuXx MRSA Oakrepujemmja wm
mHeyMOHHja y mopehemy ca mHpekmujama MSSA cojeBuma [67, 68]. Mehytum, mpema
HEJIaBHO M3BEJIEHO] MeTa-aHAIN3H, KoioHu3aurja MRSA cojem je moBe3ana ca 4 myTta Behum
pusukom on1 nHpeknuje y nopehemy ca kononuzaiujom MSSA cojem [69]. Mcxonu nndeknmja
ca MRSA cojeBuma cy jomuju 300r TexxuHe 00J1eCTH, HealeKBaTHE WK Hee(UKacHe Tepanuje
U POy KEeHOT OoHMYKOT nedersa [70, 69, 71]. Mako nutame na mu je MRSA Bupynentauju
o1 MSSA ocraje HepelieHo, jacHo je na ¢y uHdpekije MRSA cojeBrMa nosezane ca Behinm

TPOIIKOBUMA U OrpaHmdeHoM Moryhnomthy neuema [67, 72, 73].

HenaBHo wu3BeneHe cTyauje cy IMokasajle Ja je AMCK Au(dy3uOoHa METOoAa TecTHpama
OCETJBMBOCTH Ha 1I€(OKCUTHH JaJEKO CyNEepUOpHHja 0]l (EHOTHIICKE METO/E TECTUPAmba ca
OKCAITWJIMH JIMCKOM M OKCAIMIIUH arapoM y uneHrudukanyju MRSA uzonara [74]. Pesynratu
eOKCUTHH JUCK IU(Y3HOHOT TecTa Cy y cariacHocTh pedynraruma PCR gerexmuje mecA
rena. Otyn, Tect Mmoxe Outn antepHarusa 3a PCR nerexkuujy MRSA cojeBa y maboparopujama
r7e TocToje orpaHudeHe (uHaHcHjcke MoryhHoctm [75]. ¥V TecToBMMa 3a HCIIUTHBAE
OCETJPMBOCTH Ha aHTUOMOTHKE, yTBphuBame MIC-a THIyIIMOHOM METOIOM j€ TPaJIUIIHOHATHO
pedepentHa MeToza, anu Ha TecT yrBphusama MIC BpeHOCTH 32 METULIMINH YTHYE MHOTO
(hakTopa, Tako Aa cy 3a0enexeHu u HerauHu pesynratu [9]. Kao pedepentne, MIC merone cy
caj 3aMeHmhCHE MOJICKYJIAQpHUM MeETojJlaMa, Koje JneTekTyjy mecA reH [9]. I'enormnmzanmja
OakTepHja je MoJjbe y KOME C€ CTAIHO Pagy Ha TEXHWYKUM WHOBamujama [76]. Metoxe
3acHoBaHe Ha PCR TexHHWIM ce pyTHHCKM KOpHUCTE y pedepeHTHHM JraboparopHjamMa Kao
CTaHJapJIHEe METO/IE 3a AeTeKnn]jy mecA reHa. Jlerekmuja MRSA wn3onara mynruriekc PCR
METOJIOM ce KopHcTH 3a Sccmec tunuzauujy MRSA wuzomara [10]. JoOujeHun ymHOXKEHH
HOPONYKTH ce JETeKTyjy enexkrpodope3oM Ha 0,1% arapo3Hom reiy Koju caipkKu €THUAUJyM

opomun [76].

[Momanm reHoTunu3anyje U3 BEIUKUX MeyHApOTHHUX CTyAMja Cy MOKA3aId Ja j€é HEKOJIUKO
ki1oHOBa MRSA o0aroBopHo 3a mupeme 000JbeHha y pasInduTHM JejioBuMa cBera [77].
[Ipaheme reorpadcke qucTpulynuje enuaeMujCKUX KIOHOBA MOXKE JONPUHETH pa3yMeBamby
300r yera ce HeKH KJIOHOBH MRSA Mory mpommpuTH HO LIEJIOM CBETYy, JOK Cy JApYTd
OTpaHWYEHW Ha jeHY 3eMJby, rpax uinu OomHuiy [78]. Ako ce Haljy HEKH KIMHHYKU
CHENM(PUIHN COjeBH CTAPHUIIOKOKA, OMIO OM BaKHO HMIECHTH(PUKOBATH WX (PEHOTHIICKH U
TEeHOTHUIICKH Ja OW ce JIeTEKTOBaJle OCOOMHE KOje WX HW3lBajajy y moceOHy rpymy [10].
KnumoHomTBo y HOCY M3IIena Ja uMa IEHTPaHy yJIOTY y eMUAEMHUOJIOTHjH U TIaTOTeHEe3!

nHpexmmja ca S. aureus [41]. [lokazano je ma y BehuHu ciydajeBa aa je u3Bop S. aureus Koju
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je n3a3Bao OakTepHjeMHjy MalrjeHTOB HOC U Ja kKooHm3arnuja MRSA uzomaruma noBoau 1o
aytouH(peknuje y BeheM nporeHTy Hero koioHm3aiuja ca MSSA [79]. Ykonuko cy mipenme
HOCHHIlE Onye kKoyloHu30BaHe ca MRSA cojeM, OakTepuje cy IPHUCYTHE B y TPy, TaKO Ja |
IpJ0 MOpa OUTH YKJBYYEHO Y CKPUHUHTY Ha KIUIOHOIMTBO [29]. HenaBHu mojpanu cyrepumry
Jla Cy PEKTyM M paHe Takohe BaKHa MecTa 3a KOJIOHHM3alLUjy U Ja OBa MECTa MOpajy OuTH
UCMHTaHa Kao j1eo mnporokona 3a nmpaheme MRSA cojeBa. Jenna cryauja je mokaszana aa je
METHLIWINH pe3ucTeHImja Mel)y n3omatuma S. aureus TOCTUTIIa BEOMa BUCOKY CTOITY, Y HEKHM
o6omannama y Maamju gak mpeko 70% [80]. Ilupeme MRSA cojeBa mely mammjentuma y

3IpaBCTBEHHUM yCTaHOBaMa Takole 3axTeBa e(hUKacHy JeKOIOHU3aImjy [29].

Pasmarpajyhu mnosehame wnHnmaeHNuje nHpEKHMja M3a3BaHUX METHUIWIMH PE3UCTEHTHUM
CTapWIOKOKOM, TIOY3JIaHO, TauyHO W Op30 TeCTHpame Ha METHIMIUH PE3UCTEHTHOCT je
HajBa)KHU]jE 3a Tepamnujy u KoHTpory uHpeknuja [29]. Madekunja METHIIMINH pE3UCTEHTHIM
COjeBMMa MMa JIOII MCXOM, TyKy XOCIUTanu3anujy u moBehane TpomkoBe y mopehemy ca
nH(peKIMjaMa METHUIIMINH OCeTJhUBUM cojeBuMa [43]. OBa mojaBa cojeBa cTaduIOKOKa
PE3UCTEHTHUX HAa METHIIWIMH U APYre aHTUOMOTHKE je TJIaBHa Opura, moceOHO y OOTHUUKOM
OKpYXemwy, 300r TIOBHIIEHE CMPTHOCTH YCIEI CHCTEMCKe WH(EKIuje MEeTHLIWINH
pe3ucrenTHUM ctadumiokokoMm [81]. Tlomro je mrdexknuja MRSA cojeBuma mocrana cBe
yenrha 1 y 3ajeJJHUIIaMa, pa3B0Oj EMITUPHU]jCKE, aHTHOMOTCKE U TEPAIH]jCKE CTPATETHje 32 KOXKHE
1 nH(}EKIrje MEKOT TKHBA je TIOCTao joul mpodmeMatndauju [82]. MakpoauI-THHKO3aMU/-
crpenrorpamut b (MLSb) rpyna antnburtuka je uecto kopumiheHa y edeny cTaQuIOKOKHUX

nHpexmmja [83].

1.4 Streptococcus pneumoniae

Streptococcus pneumoniae n3a3uBa TEIIKe WHBa3MBHE MH(EKLMje Kao IITO jé MEHUHIHMTUC,
OakTepujeMuja U MHEyMOHHje, Ka0 M HEMHBa3WBHE WH(EKIIM]je Kao ITO Cy CHHYCUTHUC U aKyTHE
ynaie cpeamer yxa mmpom cBeta [84]. [lHeyMokokH cy Takohe W HOpPMAJIHU CTaHOBHHIIH
CIly30KOXa HazogapuHrealHux MemOpaHa Koja 31apaBe nene u onpaciux [85]. HMako ce
MHEYMOKOKHa KomyrosaHa BakiuHa (PCV) cBe uemrhe kopucTH, THEYMOKOKHE HMH(DEKIH]je
U3a3BaHE HE-BaKLMHAJIHUM CepoTUNOBUMa M cBe Beha pesucreHuuja S. pneumoniae Ha

aHTUOMOTHKE MOCTANIE Cy TJIaBHH MPOOJIeM jaBHOT 3/paBba [86, 87, 88].
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S. pneumoniae wim MHEYMOKOK je I'pam-mo3utwBHa, (haKynTaTHBHO aHaepoOHa, KaTayasa-
HEraTHBHA JHIUIOKOKA KOja TPOAYKyje 3eleHn xano (anda-xemMoJnu3y) Ha KPBHOM arapy.
[THeymMOKOKe MOTy HWMaTH CiIy3aBe KOJOHHWje 300T MPOAYKIHUje pa3InIuTe KOJIUYNHE
KarcynapHor nonucaxapuna [84]. Kox sbyau, mTHEYyMOKOK MOKe M3a3BaTd JakMie JI0 jaKo
Temke nHEKIMje, a 1 HazopapuHTeaTHO KIUIIOHOIITBO MTHEYMOKOKA je decTa mojaBa [84].
[TonucaxapuaHa Karcyna TpeicTaB/ba HajCIOJbAIIHUjU clo] S. pneumoniae. Jlocana je
OTKpUBEH 91 CTPYKTYpHO M CEpOJIOIIKHM PA3IUYMUT TUI KarcyJapHOr mnojucaxapuna [89].
JluctpuOynyja pa3IMIUTHX CEPOTUIIOBA C€ PA3NIMKyje 3aBHCHO Of TOJWHA CTAPOCTH U
reorpadcke JIOKalmje, a moceOHH THUIIOBH Karcylsa ce moBesyjy ca Behom BupyneHTHOmIhy
[90]. Bumectpyke cTyuje cy okasaje aa HeKU CEPOTHUITOBU U TUIIOBH CEKBEHIIM UMajy Behn
WHBa3MBHH TOTeHIMjan ox apyrux [91, 92, 93]. Ucnon nebene monmucaxapujHe Karicylie
Hajma3u ce henujcku 3MJ, KOju C€ CacToju O MNEeNTUOITIMKAaHA U TEUXOUMHCKE U
JTUTIOTEUXOMHCKE KHCENHMHEe, Koja caapxku (ochopusl XonwH. TerMXOWHCKa KHCEIWHA je
NOBE3aHa Ca NeNTHAOTINKAHOM, [IOK je JIMIOTEHMXOWHCKAa KHCEIIMHA TI0Be3aHa ca
UTOIIa3MaTcKOM MeMOpaHoM [94, 95]. V3 To, HajMame TP pa3IMINTa CeTa MHEYMOKOKHUX
MOBPIIMHCKUX NMPOTENHA je yCHIpeHo y henujcku 3u: XomuH-Be3yjyhu MpOTeHHH, MPOTESHHA
BE3aHHU 32 MENTUAOTIIMKAH U MPOTEeUHH Be3anu 3a junui [94, 96]. 2001. ronune, Tetenus u
cap. Cy OIMcalu LIe0 T€HOM ITHEyMOKOKHOT cepotumna [97]. O Tana, HEKOJIMKO KOMIUIETHUX
ITHEYMOKOKHHUX T'€HOMa OMJIO je CeKBEHIIMOHMPAHO, yKJbyuyjyhn MHBa3MBHE U HEMHBA3HBHE
cojeBe [26, 27, 98]. 'enom S. pneumoniae ce cacToju OJ TMOjeAMHAYHOT IUPKYJIAPHOT
xpomo3oma, Bennarae uzmehy 2,03 u 2,24 Mbp, koja 3aBucu o coja. [Ipocevan caapxaj G+C
nHeyMokokHoT reHoMa je 40%. TIGR4, koju je BUpyJIeHTHH MTHEYMOKOKHH HM30J1aT, nMa 2236
OTBOpPEHMX OKBHpa unTama (open reading frames (ORF)), nBe Tpehune mux nmajy yrBpheny
yJIOTY Y 3Hajy C€ BHXOBU T'eHeTcKu npoaykTH. [Ipoceuno 20% ORF-a moctoju camo kox S.
pneumoniae. [THeyMOKOKe UMajy BEeIUKHA OpOj MHCEPIIMOHUX CEKBEHIIM, KOje dnHe 10 5% o

uejaoKynHor renoma [97, 99, 100].

[THEyMOKOK je BakaH JbY/ICKH ITaTOTeH KOjU M3a3MBa BEJIMKU Opoj paznnuntux uHpeknuja. O
MOYKE N3a3BaTh MHPEKIHN]Y CIY30K0Ka Kao IITO Cy CHHYCUTHC M aKyTHA yIajia CPEImher yXa ’
TEIIKe NHBa3MBHE MH(EKIIH]je Kao IITO je CeNTHKEMHUja, MCHUHTUTHC, THEYMOHH]a, apTPUTHLC,
nepuKapauTHC U nepuToHUTHC [85]. IHBa3sMBHO MHEYMOKOKHO 000JbEH:E je Hajuemhe KO
neue miahe ox 2 roamHe, CTapHjux o1 65 roAuHa ¥ UMyHOKOMIIPOMUTOBAHHMX WHAWBHUIYA.
CBake roguHe, MIJIHOH Jerie Miahe o 5 roguHa ympe oJ1 THEYyMOKOKHOT 000JbeHha, YIIIaBHOM

y Adpuin u 3emsbama Azwmje [101]. TIpe 2000. rogune nadeknuje 6baktepujoM S. pneumoniae
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TOMIILE Cy OMIIe y3pOK MHBAa3MBHUX 000Jpema y mpoceuno 60.000 ciyuajea, ykibydyjyhu
3300 cnyuajeBa menunrutuca y CAJl-y. UHunaennuja uadexnuja CTepuiIHIX MecTa Bapupa
ox 21 go 33 cnyuaja Ha 100.000 cranoBHuka. MehyTum, on yBohema IMHEYMOKOKHE 7-
BajeHTHe KomwyroBane Bakmuue (PCV7) 2000. roawnHe, WHIWACHIIMja WHBAa3UBHUX
MHEYMOKOKHHUX 000Jbema 0una je 13 ciyuajeBa va 100.000 cranoBauka y CAJl-y [102, 103].
VY pasBujenuM 3emubama, on 1995. no 2006. rogmHe, MOpTaIUTET 300T HHBA3HBHUX
THEYMOKOKHHUX 000Jbemha KpeTao ce o1 5% 10 30%, 3aBUCHO 01 TOJJMHA CTApOCTH, TEHETCKE
MPEeIUCTIO3UIIM]e, TeorpadcKe JIOKAIUje U OCHOBHOT 3PAaBCTBEHOT CTama, MaJa MOPTATUTET
Moke outn BUCOK U 10 50%, kao mro je y Adpumu [92, 102, 104, 105, 106, 107]. Y Eppornn,
TOTOBO CBE CEBEPHE 3eMJbE MMajy OICEKHE CHCTEME HaJa30pa WHBA3WBHUX ITHEYMOKOKHHX
obosbemwa. 2007. roaune, npujaBbeHa MHLUUACHIM]a 32 MHBa3UBHA IMEHYMOKOKHA 000JbeHa

ouna je 21 cmyuaj/100.000 cranoBHuka y Hopsemikoj u 16/100.000 y [IBeackoj [108].

S. pneumoniae je Hajuemhu y3po4HUK MHEYMOHHUja cTedeHux y 3ajequunu [109]. Enunemuje
THEYMOKOKHUX 000JbCHha C€ MOTY JIECHUTH Y MPEHATPIIaHUM 3aTBOPEHHUM IPOCTOpUMA, Kao
HITO Cy 3APAaBCTBEHU LICHTPH, TOMOBH 3a HE30pUHYTE, KacapHe, curypHe kyhe [110, 111, 112].
Hexonuko ¢akropa pusMka cy Npeno3HaTH 3a HAaCTaHAK MHEYMOKOKHMX IHEYMOHMja U
WHBa3HBHHX ITHEYMOKOKHHX 000Jbema [107, 113, 114]. AxyTHa ynana cpenmer yxa (AOM) je
jemHo on Hajuemhux uHOpeKUja Mel)y Mnahom enomM y pa3BujeHHM 3eMJbaMa, U TPEACTaBIba
3HavyajHO (pMHAHCH]CKO onTepeheme cucreMy 3apaBcTBeHe 3amrtute [115, 116]. AnTHONOTCKA
pe3ucTeHIja KO cojeBa S. pneumoniae je TocTalia jeJaH OJ TJaBHUX mpoOiemMa jaBHOT
3apassba. [Ipema monariimMa eBporicke Mpeske 3a npaheme aHTUMHKpOOHe pesucTennuje (the
European Antimicrobial Resistance Surveillance Network (EARS-Net)), 7% wunBa3uBHuX
usonara S. pneumoniae je TpPHjaB/LEHO O] CTpaHe 27 eBPOINCKUX 3eMajba KOju cy Omim
pesucrenTHr Ha neHunuianH 2009. romambe. Bucoku HuBo (u3Han 25%) WHBa3WBHUX
MIEHUIWIINH PE3UCTEHTHUX cojeBa S. pneumoniae OWO je YIIIaBHOM TIPUjaBJbEH OJI CTpaHE
JY’)KHUX M UCTOYHHX €BPOIICKUX 3e€Majba, IOK Cy CEBEpHE 3eMJbE MPHjaBJbUBAIIC HUKE CTOIIE
pesucrenyje, ucnox 5% [87]. Mehyrtum, y DuHCKO], €pUTPOMHUIMH W TCHHUIWINH
PE3UCTEHTHH COjeBU cy Omnm y mopacty ox 16% no 28%, omnocno, on 8% no 16% mebhy
THEYMOKOKHUM M30J1aTUMa OTKPUBEHHM U3 y30paka KpBU U LepeOpOCIHMHAIHE TEYHOCTH,
u3mehy 2002. u 2006. romuue [117]. [lpomopuyja NEHUIWIMH- U EPUTPOMUIMH-
PE3UCTEHTHUX ITHEYMOKOKHHUX COjeBa KOju n3azuBajy AOM mnpoliemeHa Ha I100aIHOM HUBOY

je mamehy 30% u 70% [118].
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3anakeHo je moBehame WHIMICHIIN]jE THEYMOKOKHUX 000JheHha N3a3BaHNX HE-BaKIIMHATHIM
ceporunioBuma [86, 88, 119, 120]. S. pneumoniae Moxe KOJOHWU30BAaTH HazodapuHreaTHe
HUIIIE 3[paBe Jaele u ofapaciux. KonoHuzanuja J0BOAM 1O aCUMITOMATCKOT KIIMIIOHOIITBA,
Majia y HEKUM Cily4ajeBuMa KOJIOHU3aI1ja MOXKe TOBECTH U 710 00osbera [121]. [THeyMOKOKHO
KITMIIOHOINITBO MOYMHE 32 BpeMe IPBOT" Mecella )KMBOTa U Haj3acTyIlJbeHuje je mel)y mimagom
nerom [121, 122, 123]. Croma mHEYMOKOKHOT KJIUI[OHOIITBA 3/IpaBe Jele MIUPOKO Bapupa o

2% o 70% [124, 125, 126, 127].

[THeymokokHa MH(}EKIIHja 0OMYHO HACTaje jeIHUM CEPOTHUIIOM, CTEUEHUM HEMOCPEAHO Ipe
o4yeTka cuMnToma. MehyTuMm, Koa MHEyMOKOKHOI' KIIMLOHOILITBA YECTO MOKE HCTOBPEMEHO
OuTH nMpucyTHO BuIIe cepotumnoBa [85, 122, 128]. YUectu daxkTopu pusnka o]l MHEYyMOKOKHOT
KJIMIIOHOIITBA Cy HAIIMOHATHOCT, TYCTHHA HACEJLEHOCTH, COLIMOCKOHOMCKE KapaKTePHUCTUKE
okpyxkema. CpeauHa H COIMMOEKOHOMCKH (DaKTOpH pH3HKA YKIbYdyjy Opoj uiaHoBa
noMahuHCTBa, pUXOE, MyNIeHe U HEAaBHY yHnoTpeOy antubnoruka [121]. Y3 To, HEmaBHa
CTyAM]ja je IOoKa3aja Ja 3a [0jaBy acTMe, THEYMOKOKHO KJIMLOHOIITBO MOXe€ IpeACTaB/baTh

3HayajaH (axTop pusuka [129].

1.5 Enterococcus spp.

Entepoxoke, mocedHo Bpcte Enterococcus faecalis w Enterococcus faecium, cy oIrOBOpHE 3a
OpojHe nH(pEKIHje MUPOM CBETa U JIpyre WM Tpehe cy 1Mo y4ecTaliocTd OOJTHHYKHX COjeBa
naToreHnx Mukpoopranuzama [130]. Tlociaenmux TroJaMHA OBE OMOPTYHUCTHYKE OaKTepHje
MoCTaJle Cy CBE PE3UCTEHTHHUje Ha aHTHOMOTHKE. Y MPHIIOT TOME TOBOPH M MOJIATAK O MOjaBU
BaHKOMUITMH-pe3UCTeHTHOT coja E. faecium (VREF) [131]. Ilomto cy VREF wuzonarm
PE3UCTEHTHH Ha OeTa-TaKTaMCKe M TJMKONENTHUIHE aHTUOMOTHKE, caMO joLl HEKOJIHUKO
AHTUOMOTHKA MOTY JE€J0BaTH Ha BHUX: KBUHOpUCTHH-Aandonpuctun (Q-D), nunezonua u
mantomuiud [131, 132]. Q-D je unjekrabuian ctpentorpamut onodpen ox FDA y CAJl-y 3a
nedewe Temkux VREF undekiuja nope3zanux ca 6akrepujemujom [132]. CtpentorpaMuHu
(dopmupajy ca MakporuauMa (Tj. EpUTPOMHUIIMHOM) M JIMHKO3aMUANMA (Tj. THHKOMHUIIMHOM U
KIMHAAMUALUHOM) TPYITYy CTPYKTYPHO Pa3inunuTUX aHTHOMOTHKA (HazBaHuX MLS), koju umajy
CIIMYHE MEXaHU3MeE JIeJI0OBamba U YHAKPCHO cy pesucTeHTHH [81]. YV cTBapu, cTpenTorpaMuHu
0JIFOBapajy MEIaBUHU JBa jeIUIbEHa KOja JAeNyjy CHHEPTUCTHUYKH: cTpenTorpamMuHa A (Tj.

JandonpuctiH) U cTpentorpaMuHa b (Tj. KBUHIpHUCTHH). Y3 TO, MIEypOMYTWIMHU (Tj.
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THAMYJIMH) Cy Takohe Kiaca MHXHOMTOpa CHHTE3€ MPOTEHMHA KOjU JIeJie MECTO BE3HMBamba Ha
pubo3omy ca auHKO3amMuanMa u crpentorpamuaoMm rpyne A [133]. Kox entepoxoka, MLS
PE3UCTEHIIM]a HACTaje YIJIaBHOM 300T anTeparnuje pnbo3oma, MOCPEACTBOM PHUOO30MATHUX
MeTHiIa3a Kogupanux ermB win ermA (panuje umeHoBaH erm(TR)) reHuma, Koju cy
OJITOBOPHM 32 YHAKPCHY PE3UCTEHIM]Y Ha CBE MAKPOJIHJIE, JIMHKO3aMH/JIE U CTPENTOIpaMHHE
rpyne b (MLSO ¢enorum), a koja Moke OMTH KOHCTUTYTHBHA WM HMHAyuuOmmtHa [81].
[locroju Takolhe, jeAMHCTBEH MEXaHW3aM YHAKpCHE pPE3UCTEHIMj€ Ha JIMHKO3aMHIE,
CTPENTOTpaMHHE A U TUICYpOMYTHIMHE ITIOCPEICTBOM aKTHBHOT M30alMBamba aHTHOMOTHKA U3
hemnje ABC tpancnoptHum cuctemoMm (LSAP ¢enorun (LSa denorun)). Ha mpumep,
ypohena LSAP pesucrenimja xox E. faecalis nacraje ycaen npoaykuuje ABC (ATP-Besyjyha
kacera) xomouora, LsaA [134, 135, 136]. pyru Lsa-cnuunu nporennu ykbydean y LSAP
pesuctenumju, LsaB u LsaE unentuduxoanu cy koxa Staphylococcus spp. [137, 138, 139,
140], nok je LsaC npotenn onucan xox S. agalactiae [141, 142]. 3a paznuky on 6aktepuja E.
faecalis, Bpcra E. faecium je ypol)eHO 0ceT/bUBa HAa CBE MaKPOJIHUJIC U FhUMa CPOJIHA jeTUHCHHa,
a LSAP pesucrennmja Moxe HactaTH in vivo nocie tepanuje Q-D-om [143]. Nako je LSAP
PE3UCTEHIIM]a HajBEPOBATHHjE IIOCJIECIUIIa MyTalllje reHa Ha OaKTepHjCKOM XPOMO30MY,

OMOXEMHUjCKH ¥ TEHETCKH MEXaHN3aM OBE PE3UCTEHITN]e HUje Y TOTIIYHOCTH pacBeTsbeH [ 144].

1.6 Streptococcus agalactiae

Streptococcus agalactiae (rpyna b cTpenTokoka) je riiaBHU y3pOUHHK MHBAa3HBHE HH(EKIH]je
KoJ HoBOpoheHuanu u TpyaHUX keHa. Takole ce cBe uenihe jaBiba Kao 3HaYajaH y3pOUHUK
UH(EKIHja KOl OApaciuX, MoceOHO Mel)y IMyHOKOMIIPOMUTOBAaHUM HanujeHTnMa [ 145, 146].
S. agalactiae je oAroBOpHa 3a aKyTHa W XPOHWYHA 000JbEHA, Kao MTO Cy HHGEKIHje
peCIMpaTopHOT TpaKTa, CHAOKApIUTHCH, CEINCe, MCHUHTUTUCH, IHjeIOHEPPUTHCH W
Heyposnomiku npobaemu [147]. [lenumunun " u amnunuimH cy Tepanuvja n3dopa 3a nHdeknuje
y3pokoBaHe Oaktepujama S. agalactiae. MelhyTum, y cinydajy TonepaHIMje Ha TICHUIMIUHE
WIN HeIoCTaTKa KIMHUYKOT OJrOBOpa, KIMHAAMHUIMH U MAaKpOJUAW CY alTepHATHBHU
antubnotnuu [148]. S. agalactiae (rpyna b crtpenroxokx, GBS) je Bomehm y3pounuk
HEOHATATHUX HMH(pEKIWja Koj JbyAu. BakaH je y3poyHHMK 00o0JbeBama TPYIHHX >KEHA U
CTapujux ca HEKOM IpuMapHoM Oonemrhy xao mro je diabetes mellitus mnm ce Hanaze Ha
UMyHOCyTpecuBHO] Tepanuju [149, 150, 151]. OBaj MuKpoopraHuzaM NpEACTaBba €O

HOpMaJHe (hJIope JUreCTUBHOT M TeHUTAIHOT TpaKTa U KOJIOHU3Yje reHuTanHu Tpakt 10-40%
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Tpyauux sxena [152]. Koxn ogpacnux u Tpynuux sxena, GBS moxe u3azBatu ypuHapHYy
UH(EKIH]Y, XOPUOAMHHOHHUTHUC, CHIOMETPUTHC, THEYMOHHU]Y, THPEKITH]e KOKE K MEKOT TKHBA
[151, 152]. Koxg nHoBopohenuamu GBS je u3a3uBay HeoHaTaimHE cerice, MHEYMOHHjE U
meHnuHrutuca [153, 154, 155]. Tpancmucuja Oakrepuja ca Majke Ha JIeTe ce JeliaBa
ACIEH/ICHTHO M3 TEHUTAIHOT TPakTa MajKe Ha aMHUOHCKY TEUHOCT WU mipu mopohajy [156].
Undexnuje noBopohenuagun GBS Gakrepujama cy knacudukoBaHe Ha: 000JbeHa ca paHUM
MOYETKOM, KaJia ce JIelIaBajy y nepuoay ox pohema j1o 6. nana (70-80% ciydajeBa) u 000sbemha
ca KaCHMM TIOYETKOM, KaJia ce Jemanajy y nepuoay nocie 7. u npe 90. nana ox pohema. OBe
nH(eKrje HacTajy TpaHCMUCHjoM OakTepHja o Majke mnu O0abuie Ha aere [157, 158, 159].
3a nmeuewe umHOeknja n3azBaHnx GBS-oMm, MEHUIMIMH ¥ aMIHMIWIAH Cy JIGKOBU IPBOT
n300pa, a Kao alNTepHaTHBHU cMaTpajy ce nedanocnopunu u BankomuiuH [ 160, 161]. Hujenan
Clly4aj pe3uCTeHIIMje Ha MEHUIWIMH J10cajla HUje MpHjaBjbeH. MehyTuMm, mpujaBibeHH CY
ciydyajeen GBS cojeBa ca wuHTepMenujapHOM oOceTJbMBOIINY, OJIHOCHO, MOBehaHuM
BpPEIHOCTHMa MUHHMaidHe WHXuOMTOopHe KoHHeHTpauuje (MIC) 3a menummmun [162, 163,
164]. [lopen Makponuaa U TMHKO3aMH/IA TIOCTOj€ U JPYTH AaHTUOMOTHIIN KOjJH C€ KOPHCTE Kao
3aMeHa 3a MEHHWIWIMHE KOJ TallljeHTa NMPEOCeTJbUBUX Ha TCHUIWINH, jeJJaH OJf HBUX je
BaHKOMHITMH [165, 166, 167]. MexanuzaMm pe3ucTeHIMje Ha epuTpoMunmH koax GBS-a je
yriaBHOM MoauduKkaiuja pubo3oma, konupaHa erm renuma (ermB, ermA/ermTR), xoja
JIOBOJIM IO YHAKPCHE PE3UCTEHIIMj€ Ha MaKpoJInje, JMHKO3aMUIe U cTpenTopaMmuHe rpyne b
(MLSb) unu aktuBHA eduiyKe MymIa, KoAupaHa mefA TeHOM, Koja U3a31Ba Pe3UCTEHIN]Y Ha
14-unane u 15-uwnane makponuzae [168, 169, 170]. PesucreHnuja Ha epUTPOMHUIIMH HacTana
MOCPEJICTBOM erm reHa Moxe OuTH mHaynuOmiHa (iMLSb) unm koHctutyTHBHA (cMLSD)
[171, 172]. Pesucrennuja na xmHgamMuiuH kox GBS-a je mame ydecrana m Hacraje Kao
nocieanna MoauQuKanuje aHTUONOTHKA O]l cTpaHe OaKTepHjCKOT eH3uMa KoaupaHor /nuB
reauma [173]. Myntumiekc PCR ce moxke ymoTpeOuTH 3a [AeTEKLMjy TIJIABHUX TeHa

pe3UCTEHIIMje Ha epuTPOMUIIMH 1 kKinHaamunuH kog GBS cojesa [170, 174].

1.7 Streptococcus pyogenes

Bunpor je 1874. ronuHe IpBYU Iy T OTKPUO CTPENTOKOKE KO MaIMjeHTa ca HH(EKIINjOM KOXKe,
a 1879. ronune Ilactep je mpoHamao oBe 0akTepHje y KPBU NalMjEeHTKHILE Cca MyeprepaTHoM
cericom. @ejnmansen je 1883. rogmae 00jaBmMoO paa O KIMHUYKOM 3Hadajy OakTepHuja Koje

dbopmupajy nanne kox Jpynu, a PozenOak je mpBu myT 1884. rogumHe ymoTpeOHO uMe
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Streptococcus pyogenes. S. pyogenes je ' paM-TI03UTHBHA KOKa, Koja je 1933. ronuHe cBpcTana
y JlancungoBy rpymy A crpentokoka (GAS) [175]. Ilojenunauna Gakrepujcka henuja je
cthepuor obsmka, BenmuuuHe o7 0,5-1 wm, HETIOKPETHA je M OOMYHO CE HaJla3| y MapOBUMAa WIIH
OyxuM U Kpahum nanuuma. To je ¢akynTaTUBHO aHaepOOHM MMKpPOOpPraHM3aM, KaTajasa U
okcumaza HeratuBaH [176]. JlanchmnmoBa knacudukanmoHa mieMa je H3ABOjUIA OBE
CTPENTOKOKE Ha OCHOBY IHMXOBOI TPYIMHOT A YIJbEHOI XHJApara, CauumbeHor onx N-
acetilglukozamina moBe3aHor ca mpexom noimMepa pamuo3e [175]. Ha kpBHOM arapy,
KolloHWje (opmupajy BeIMKy 30HY OeTa-XxeMoJiM3e, Koja HacTaje yclea NpOAyKIHje

crpentonu3naa-O KOjH BPITK KOMIUIETHY JTU3y eputporuTa [177].

S. pyogenes W3a3uBa IIHUPOK CIEKTap 000Jb€Ha, 0J] HEKOMIUIMKOBAHUX HMH(EKIHja TOpHEer
pecnupaToOpHOr TpakTa M KOXKe, 10 TENIKUX, KMBOTHO yrpokaBajyhux wmnpekmuja [178].
I'moGamny yuecramoct uHpeknuja m3azBaHux GAS-oM je Temko mnporeHuTd. Heke on
uH(]eKIrja n3a3Bane Oakrepujama S. pyogenes Cy BeoMa 4ecTe y CHPOMAITHIM H 3eMJbaMa Yy
pasBojy, MehyTuMm, y TUM peruoHrMa OOMYHO HE TOCTOje MOY3/IaHW CHUCTEMH 3a IPHjaBy
6onectu u npaheme ucte [179]. Ca gocTynHUM moganumMa, MpoLeHEHoO je J1a MOCTOjU HajMambe
517.000 cMpTHUX ciy4dajeBa roJulIkbe y3pokoBaHnux TemkuM GAS nHdeknurjama, a HajBuUIIe
peyMaTtckuM O00O0JbeHEM CpIla, YWja je TpeBalieHIja Oko 15,6 MHIMOHA Cclydajena,
unaeHmja 282.000 a u cneruduyana crona MopraimreTa je 163.000 ciydajeBa roaumime.
[pubmmxao 111 MwimoHa ciay4ajeBa nHoAepMHje W Tpeko 616 MwimoHa ciydajeBa
(apuHTHTHCA Cce pHjaBu roauiIme y cBeTy [179]. Knunnamunma cmamyje 1 npoaykuujy M
NpOTEHHA CTPENITOKOKA TpyIie A, CMambeHheM MPOIYKIHje TPOTEHHA YMEIIAaHUX Y ay TOUMYHHU
OJITOBOp, IITO JOBOIU 10 Oosber Tepammjckor ucxoma [180, 181]. Yapyxkena tepamuja
KJIMHJAMULMHOM U OeTa-T1aKTaMCKUM aHTHOMOTHLIMMA C€ IIperopyyyje y Jeuemy nHpeKIja
HETIO3HATOT Y3POYHHKA J1a OU ce TIOKpHUJIE U CTPENTOKOKE U S. aureus, TOK ce mpucyctBo GAS-
a He oTBpAu. [IeHUIIUINH je penaTuBHO HeedrKacaH y JIeUehY CTPENTOKOKHUX WH(DEKIHja
MEKOT TKHMBa C 003UpOM Ha BeNWKU Opoj OakTepHja ca HUCKOM CTOIOM peruthkanuje (eagle
effect), mro mpencraB/ba MapagOKCATHO CMAKEHE JIEIOBamba MEHUIMINHA IMPH BHCOKO]

KOHIeHTpanuju [182].

[Toctoje Benuke reorpadcke ¥ BpeMEHCKE BapHjaliije y yu4ecTaaoCTH MaKpOJIUA-PE3UCTEHTHOT
S. pyogenes. Onaname pE3WCTEHTHOCTH HAa Makpoiuiae Koj S. pyogenes ce TOBe3yje ca
KOHTPOJIMCAaHOM M CMAambeHOM YHOTpeOOM Makpojijaa y MOIMyJAlUjH, Maaa u MPHPOTHA
(dirykTyaruja MakpoJIuI pe3UCTEHTHUX KIIOHOBA UTPa BXKHY YJIOTY y YKYITHO] TIPEBaJICHIIHjH

TUX cojeBa. Pasnmke mnponahene mehy GAS wm3omatuMa w3 y30pKa jEIHOT TaldjeHTa
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MOKpPEHyJIe Cy NHTamke Ja JH je TpoydaBame OaKTepHje Ha OCHOBY jeHE KOJOHHjEe Y
MHKPOOHOJIONIKO]j Ta00paTOPHjH TOBEJIO Ja MOTIEHUBaba CTOIE PE3UCTEHIIN]e HA MAaKpOJIH/Ie
Mmeljy ctpentokokama rtpyme A. 321 wu3omar GAS-a u3 OpuceBa 35 mamujeHata ca
(hapuHTUTHCOM TIperiie/iat je y jeZIHOj OONMHMIIN, paau yTBphHBama MOTCHIINjaTHUX pa3liuKa y
npoduity pe3ucTeHnrje Ha antuonotrke u emm tuny [183]. Ox Tora je mo 10 nzomnara y3eto
U3 jemHor ys3opka. CBM HM30J7aTH U3 y30pKa jelHOr MalWjeHTa Cy HMMala UCTH Mpopui
PE3UCTEHIMje HAa aHTUOMOTHKE W MPUTIAANIN Cy UCTOM emm THILYy, YUME je yTBpheHo na je
naboparopujcka aHajaM3a jemHe KOJOHHWje H30Jara Jaja TIOy3JaHy CTOMYy MaKpOJIHI-

pesucrennuje Mmehy crpentokokama rpyme A [183].

MexaHn3am jenoBama 0eTa-TaKTaMCKUX aHTUOMOTHKA YKIbYUyje BE3UBabe U MHAKTUBAIU]Y
Oaxrepujckux nporenHa (PBP) koju cy oarosopHu 3a cunte3y henujckor 3uzna [184]. Kon
OaxTepuja S. pneumoniae, pe3UCTCHIIM]a HA ICHUIIWINH Mel)y IMBJBUM COjeBHMA j€ BE3aHa 3a
MO3auK TeHa, KOju JI0Boje 10 3aMeHe Jeia PBP-a ocetsbHuBOr coja ca ejIoM pPe3UCTEHTHOT
coja IyTeM MPUPOIHE TpaHCchopMalrje. YTIPKOC IMIUPOKO] YIIOTPEOH NIEHUITUINHA Y JICUCHY
nH(DEKIM]ja n3a3BaHuX TPYIOM A CTPENTOKOKa, 10Ca]] HUje OTKPUBEH S. pyogenes pE3UCTCHTaH
Ha Oera-naktame in vivo. Jenan oj pasnora 3a To je mto PBP S. pyogenes He canpxu myre
peruoHe CIWYHE OHHMMA KOJl JIPYTHMX CTPENTOKOKA, ITO CMamyje MOTYRHOCT XOMoJiore
pexkomOuHanMje ca ApyruM crpentokokama [185]. Ha ocHOBY cTBOpeHHX 1a00paTOPHjCKUX
MyTaHaTa MEHUIWINH-PE3UCTEHTHUX S. pyogenes, NONUIO c€ J0 3aKJbydyka Aa Ou mojaBa
NEHUWINH PE3UCTEHTHUX CTPENTOKOKA rpyme A JoBesna 10 3Ha4ajHUX IpoMeHa y OnoJoruju
came Oakrepuje. [ommto 6u mo excrpecuje PBP Hmker aduuuteTa, 1mojaBe (hU3UOIOMIKUX
nedekara, caabor cremeHa pacta OakTepuje, cMamema MpoAykiuje M mporenHa U mojase

Japyrux Mopdornomkux abnopmanaoctu [186, 187].

1.8 Makpouauau

Makponuau Cy TO3HaTa Kiaca aHTHOMOTMKA YEeCTO MpENopyYdMBaHa 3a JICYCHE
HecTIeMU(pUIHUX HWH(EKIHja pPEeCHUpaTOpPHOT TpakTa CTEYEHUX Yy 3ajeqHunu. bpojHn
AQHTHOMOTHII Ca Pa3IMYUTHM CIIEKTPOM JICJIOBakba Cy CHHTCTHCAHH XEMHjCKOM
MOIU(HUKAIMOM CTPYKTYPHOT je3rpa MaKpoJIna, Tj. MAKPOIMKIMYHOT JJAKTAMCKOT ITPCTEHA.
Nako cTpyKTypHO pa3HOBPCHH, MaKpOJHIH JeJie 3ajeIHUUKY CIOCOOHOCT Be3uBama 3a 50S

MOJI-jeIMHUILy 6aKTepHjcKOr pubo30oMa Ha MeCcTy NMenTHAWITpaHcdepasa MeHTpa Uik euryke
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nymre. HoBuju Makpomman, a moceOHO a3sUTPOMHUIIMH Ca CBOJUM IIHPOKHM CHEKTPOM

JleJIoBama, MPOIINPUIIN CY TepaneyTCKy MPUMEHY OBe Kiace aHTuOnoTuka [188].

Hoxtop Abenapno b. Arsunap, pununuHcku HaydHuK, 1949. roauHe je mocnao y30pKe 3eMibe
cBoM mocnonasiy Enm Jlunmu. HbeH uicTpakuBauku THM je yCIEO J1a M3 TOT y30pKa 3eMJbe
OJIBOJH EPUTPOMHUIIMH OJf OCTAJIMX METAa0OMMYKHX TMpoAyKaTa aKTHHOMHIIETE BpCTE
Streptomyces erythreus (Ha3uB je mpoMermeH y Saccharopolyspora erythraea). 1952. ronune
j€ epUTPOMHUIIMH MOCTA0 NOCTYIAH 3a TEPanujcKy NMpUMEHy, moJ uMeHoM MnocoH (mpema
(MITMTIMHCKOM OCTPBY ca Kora je y3opak 3emibe noHer, Mmmomnmo). PoGept b. Byasopn,
npodecop ca Xappapjckor yHuBep3urtera, je 1981. rogune moctxymHo no6uo HobGemory
Harpajy 3aro LITO je 3ajeHO ca BEJIMKUM OpojeM ApPYruxX UCTpa’kuBaya ycIieo Ja CUHTETHUIIEe

EPUTPOMHUILIUH A.

AHTHOWOTHUK KJIAPUTPOMHUIIMH j& OTKPUBEH O] CTpaHe janaHcke dhapMmarieyTcke kommanuje 70-
THUX TOAMHA Kao pe3yJTaT TpyJda Ja ce mpeBasuhe HecTaOMIHOCT EPUTPOMHUIIMHA Y KHUCEIO]
cpenuHu. Jennmema Koja Cy U3BEIeHa U3 EPUTPOMUIIMHA CY: a3UTPOMUIIMH, KJIApUTPOMUIIUH,
JUPUTPOMHUIIMH,  MUTEMUIAHJ,  OJICAHJOMHIIMH,  POKCUTPOMHWIIMH,  CITHPAMUIIUH,

TCIIUTPOMUIIUH.

Makpoauau caape BUIIEWIaHe JJAKTOHCKe PCTeHoBe (14-uiaHu NPCTEHOBU €PUTPOMHUIIMHA
¥ KJIAQPUTPOMUIIMHA U 15-ulaHu MPCTEHOBH a3UTPOMUIIMHA) 32 KOj€ Cy MPUIIOjEeHHU jeaH HIIH
Bume geokcu mehepa. KiapuTpoMunmH ce pasimkyje O €pUTPOMHIMHA CaMO 10
METHIJINCAHO] XUJAPOKCUIIHOj TPYIIH Ha 6. MO3HIINjH, 2 a3UTPOMHUIIMH C€ Pa3lInKyje 0 A0JaTKy
METHJI TPyIe YMECTO aToMa a30Ta y JIAKTOHCKOM IpcTeHy. OBa CTpyKTypHa MoAU(HKaLUja
noBehaBa aIuI0-pe3uCTEHTHOCT, TIEHETPAIIH]y JIeKa Y TKUBA U IPOIIUPYje CIEKTap JIeI0Bamba

neka [189].

EpurpoMuiiua nokasyje 6akTepHOCTaTCKO JIeTOBamke, OJHOCHO, MHXUOUIIIE pacT OakTepHja.
BesuBamem 3a 50S nogjenunniy 6axrepujckor 70S rRNK kommekca, epUTpOMUIIIH U APYTH
MaKpOJIMAM HWHXHOUpAjy CHHTE3y NpPOTEMHA, BAXKHUX 3a CTPYKTYpPYy, (YHKIHOHUCAKE WU
perikanujy Oaktepuja. EpUTpOMHIMH peMeTH aMHHOANWI TPAHCIOKAIHjy, CIpedaBa
npebammBame tRNK ca A mecta Ha P Mecto rRNK komimekca. Ako He mohe 1o TpaHcIoKanmje
A-MecTo ocTaje 3ay3eTo, YMMe ce crpeyaBa BesnuBame HOBUX tRNK ca aMuHO kucenuHama u
JoNla3d 0 MHXUOMNMje enoHramuje nonunentuaHor snanna (Cmmka 1). OBO je OCHOBHH

MeXaHM3aM JIeJI0OBamka Makpoiuaa Ha Oakrepuje [ 189].
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Cauka 1. Mexanu3zam nenoBama Makponuzaa (mpeysero ca cajta NIPA, National information
program on antibiotics, http://www.antibiotics-info.org/azithromycin.html)

EputpoMuiiut je aHTHOMOTHUK KOjH Ce KOPUCTH 3a TpETMaH OpOjHUX OaKTepHjcKUX HHQEKIHja.
OH cmaza y KJIacy MakpojuJa ¥ MMa WCTH WIM HE3HATHO LIMPHU CHEKTap JEJIOBama O
neHurwirHa. OH ce YeCTO KOPHCTH Kao 3aMeHa 3a MEHULMINH KO JbY/IU MPEOCeTIbUBUX Ha
neaninH. Kog wH(peknuja pecnupaTopHOr TpakTa, epUTPOMUIIMH AETyje ¥ Ha W3a3uBave
ATHITMYHUX THEYMOHH]ja, Kao mTo cy Oakrepuje pona Mycoplasma n Legionella. OcetibuBu
cojeBu S. pyogenes, S. pneumoniae N BUPUAAHC CTPENTOKOKAa MMajy BpexHoct MIC-a 3a
eputpomutiva ox 0,015 mo 1 ug/ml. Pesucrennuja Ha wMakpoiauae je dyecta Mmehy
CTpenToKkoKama. Pe3ucreHIyja Ha epUTPOMUIIMH TTO/Ipa3yMeBa PE3UCTEHIIN]Y U Ha CBE OCTalle
MakpoJujie, OJIHOCHO YHaKpcHa pe3ucTeHTHIMja Mel)y Makponuamma je komruietHa [189].
Craduiiokoke 4ecTo HHUCY OCETJbMBE HAa CPUTPOMUIMH. MaKpOJIHI-PE3UCTCHTHU COjeBU S.
aureus Cy TIOTEHIIMjaTHO YHAKPCHO PE3UCTEHTHU M HA KIWHAAMHUIMH W Ha CTPENTOrPaMHH

rpyme b [189].

KnaputpoMullnH je HE3HaTHO JEJOTBOPHUJU OJ EPUTPOMHIIMHA HA CTPENTOKOKE U
craunokoke, a ©Ma ckpoMHUju edexat Ha Haemophilus influenzae u Neisseria gonorrhoeae.
Knaputpomunun nobpo aenyje Ha Moraxella catarrhalis, Chlamydia spp., Legionella
pneumophila, Borrelia burgdorferi, Mycoplasma pneumoniae u Helicobacter pylori [189].
ABWUTPOMHIIVH je Mamke e(huKacaH ol epUTPOMHUIIMHA Ha [ pamM-1TO3UTHBHE MUKPOOPTaHU3ME 1
3a HHUjaHCY j¢ e(PUKaCHUJH U Ol SPUTPOMUIIMHA U KIApPUTPOMHUIIMHA NPOTUB H. influenzae n

Campylobacter spp. A3WTpoMHIIMH je BeoMa edukacaH npoTuB Oakrtepuja Moraxella
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catarrhalis, Pasteurella multocida, Chlamydia spp., M. pneumoniae, L. pneumophila, B.

burgdorferi, Fusobacterium spp. u N. gonorrhoeae [189].

1.9 Jluuko3zamMuamn

JIMHKO3aMUM YKJbY4yjy JIMHKOMHIUH, HNPUPOAHU IMPOU3BOJ HEKOJUKO AKTUHOMHUIIETA U
KJIMHIAMHULUH TIOJYCHHTETCKM JepuBaT J0OMjeH XJIOpPHUHAIMjOM JHHKOMHIMHA. OBH
aHTHOMOTHIIN Jienyjy Ha ['paM-mo3uTHBHE KOKe W aHaepobe. JIMHKO3aMuau ce HOPMAaTHO
KOPHUCTE 3a TpETHpame CTAaQHIOKOKAa W CTPENTOKOKa W Jelyjy epukacHo Ha Bacteroides
fragilis v Heke npyre anaepoOe. OHM ce KOPUCTE Y JICUCHY TOKCHYHOT IIOK CHHJIPOMA W
JUPEKTHO OJIOKUpajy TPOAYKIHMjy M mpoTerMHa KOJ CTpenToKoka moBoichu 1o jader
nH(pIaMaTopHOT oaroBopa. JIMHKO3aMHIK Cy KJlaca aHTUOMOTHKA KOja ce Hajuenihe rmosesyje
ca HacTaHKOM TiceyJoMeMOpaHo3Hor konutuca BpctoMm Clostridium  difficile [190].
Jlunko3amuam enyjy Ha cBe I'pamM-o3uTUBHE KOKe, 3y3eB Ha Enterococcus faecalis [134].
Onu nHXuOMpajy cuHTe3y mnporenHa Onokupjyhu axktuBHOCT mentuauwirpanchepaze 50S
nogjenuHune Oakrepujckor pubozoma [191]. IlpBM OTKpHBEHHM IMHKO3aMua OHO je
JUHKOMMIIMH, a W30JIOBAH je U3 aKTHHOMHUIIeTe Streptomyces lincolnensis, Hal)eHe y y30pKy
3emsbe m3 JluakomHa y HeOpacku [192]. XKydu je BakaH IMyT eKCKperuje JTUHKOMUIIMHA W3
opraHusma. 3HauyajHa KOHIEHTpaldja JUHKOMUIMHA je npucyTHa y Behunu TkuBa. Maxo,
JUHKOMHMIMH JUQyHAYyje y cepeOpOoCUHAIHYy T€YHOCT, KOHLIEHTpalMja JUHKOMUIIMHA HUje
JIOBOJbHA 3a JIEYCH¢ MEHMHTUTHCA. JIMHKOMUIIMH MMa y3aK CHEKTap JeloBama, Jenyje Ha
I'pam-nio3utuBHe OakTepuje m oHe Oe3 hemumjckor 3mma: Streptococcus, Staphylococcus,
Mycoplasma. JINHKOMUIIMH ce KOPUCTH 3a JICUCHE TEMIKMX OaKTepHjCKuX MH(]EKIHja KOJ
Jby I KOJHU Cy MPEOCETIFUBY Ha MEHUIIINHE. JIMHKOMUIIMH ci1abo nenyje Ha [ pam-HeraTuBHe
OaxTepuje. JIMHKOMUIIMHY cTipedaBajy peIuiMKanujy Oaktepuja pemerehn CHHTEe3y MpoTerHa
y uMa. O ce Be3yjy 3a 23S nmeo 50S nonjeaunuiie 6akTepujcKor pudo30Ma U IOBOJIE 110
npepaHor ojpajama nentuaAwi-tRNK on pubosoma. JIMHKO3aMuau He pemere CHHTE3Y
NpoTerHa y XyMaHuM henujama (Kao HU y JIPYTHMM €yKapuOTCKHM henvjama) 3aTo IMITO ce

XyMaHU puO030MHU CTPYKTYPHO Pa3lUKYyjy 0]l 0aKTepHjCKuX prubo3oMa.

KnuagaMunvH je moryCHHTETCKY JiepuBaT JImHKoMuIHa [ 189]. UckipyurBo ce Besyje 3a 50S

noJjjeIMHAITY 6akTepujcKoT prbo30Ma 1 cynpumMmupa cuHTe3y nporenHa (Crnuka 2).
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Cauka 2. Mexanu3am JeloBama KIMHIaMHALIIHA (Tipey3eTto ca cajra NIPA, National
information program on antibiotics, http://www.antibiotics-info.org/clindamycin.html)

Pesucrennuja Ha Makponmue ycien MeTWiandje pudozoma erm-KOAMPAHOM METHIIA30M,
Takol)e MOke TOBECTH U 10 PE3UCTEHIH]e Ha KIMHAAMHUIMH. MelyTuM, momTo KIMHAAMUALIIH
HE WHAYKYje MPOYKINjy METHIa3a, YHAKPCHA PE3UCTEHIIN]a CE jaBJba CaMO YKOJIUKO CE EH3UM
npoayKyje KOHCTUTYTHBHO [ 189]. Knnugamuina HEje cyncTpaT Makpoiu eiayke mymie, na
COj€BH KOjH Cy PE3UCTEHTHU Ha MaKpOJIU/IC, JCTIOBAKEM OBOT MEXaHNU3Ma PE3UCTEHIIN]E OCTajy
U JJaJbe OCETJ/bMBH Ha KIMHAAMHULIMH. KIMHIaMUIIMH Kao U €pUTPOMMLIUH in Vitro Jeiyje Ha
ITHEYMOKOKE, S. pyogenes 1 BUPUIAHC CTPENTOKOKE. METUIIMIINH OCETJbUBU COjeBU S. aureus
Cy OOMYHO OCETJBHMBH, JOK CYy METHUIIWJIMH PE3UCTCHTHU COjeBH CTAa(WIOKOKA YTIaBHOM
PE3UCTEHTHH Ha KiIuMHIAMuLIWH. Knnagamunue je edukacaH JeK 3a Jieuemhe KOKHHX U
UH]EKIHja MEKHX TKHBa W O30MJpHMX HH(MEKIWja H3a3BaHUX CTAaQUIOKOKOM, Kao H
aHaepoOHuM Oaktepujama. OH OJUIMYHO MPOAMPE Yy CBa TKHUBA (M3y3€B LIEHTPAIHOT HEPBHOT
cUCTeMa) W aKyMyjlmpa ce Yy alcluechuMa, NOJMMOP(OHYKICAPHUM JICYKOIUTHMA U
anBeojapHUM MakpodaruMa, He Mokazyjyhu moTpeOy 3a O3HUM MpuiarohaBameM KOJ
OyOpexxnux OonecHuka [193]. [JoOpa opanHa amcopriivja YMHA Ta BXHUM Yy Tepanuju
aMOyJIaHTHUX TIallMjeHAaTa, aJH je 100ap U 32 HaCcTaBaK Jieuekha XOCTIUTATM30BAHKX MaI[ijeHaTa
HAKOH MHTpaBeHCKe Tepanuje. Kimmagamuime je takole moceOHO BakaH Kao alTepHATHBHU

aHTUOMOTHK KOJI TAIjeHaTa MpeoceT/bUBUX Ha ICHUIWIHH [ 194].

21



YBOJI

1.10 Choxenu mexanusmMu pesucreHuuje MLS antuoéuoruka

MexaHu3MHl pE3UCTEHIMje Ha MAaKpoJuAe W JIMHKO3aMHIAe Ccy Beh ommcanu Kox

MHUKpOOpTaHh3aMa KOjH HMX MPOAYKYjy. TM MHKpPOOPraHW3MH HCTOBPEMEHO TOCENyjy H

MEXaHHU3ME 3allITUTEe OJ COINCTBEHMX TOKCUYHHMX MeTabomura [81]. Pesucrennmja Ha

MaKpoJIUIe W JIMHKO3aMHJE je OOWMYHO pasyniraT JAejoBama jEeAHOT OJ TPH MEXaHH3Ma

pE3UCTEHIIH]E:

2.

Monudukanuja pudbozoma: MaayubuiHa WM KOHCTUTYTUBHA TIPOAYKIIMja CH3UMA,
MeTHJa3a, KOju MOAM(HKYjy MEeCTO Be3WBama aHTHOMOTHKA Ha pHOO30MY M Ha Taj
HAYWH yMambYje JIeNI0Bame JIeKa, mocpeacTBoM ermA, ermB u ermC rena.

AxTHBHO H30anmBame aHTHOMOTHKA: Ednaykc aHTHOMOTHKA MEXaHM3MOM AaKTHBHE
nymie, kogupane msrA, msrB, mefA unn mefE reHoM koa craguiokoka, 0JJHOCHO,
rpymne A CTpenToKoKa WIH S. pneumoniae.

Monudukanuja aHTHOMOTHKA: MIEHTUDUKOBAHO je HEKOJIMKO CH3UMa Koju
Monn(uKyjy W wHakTuBuily MLS aHTHOMOTHKE, a Haj3HAYAjHUjU j€ JTMHKOMUIIUH
HYKJICOTHAWITPaHChepas3a Koju Koaupajy: nuA red kox ctaguiokoka u /nuB reH kox

Oakrepuja Bpcre Enterococcus faecium u Streptococcus agalactiae [149].

1.10.1 Moaunduxamnuja pudoszoma

Nénumernnanuje cnemuduuror agenuna, A2058, KOju ce Hala3d y PETHMOHY IEITHIMI

TpaHncdepase ynytap V momena Ha 23S RNK - kommonentu 50S pubo30McKe mojjeAMHUTIE

OakTepwja, JOBOIM IO YHAKpCHE pPE3UCTCHIMjEe Ha MaKpoJuae, JUHKO3aMHUIEC U

crpentorpamune rpyne b (MLSb) [195, 196].

[Topoauita eH3uMa OJTOBOPHUX 3a METHIIAIM]Y je o3HaueHa ckpaheHuriom erm (01 €HTIL.

erythromycin resistance methylase - epuTpoMuIue pu6030M MeTHIIA3a).

IIpodun pesucteniyje no3Hat ka0 MLSb ¢eHoTum Mmoxe OutH:

uHymmuomnan (iIMLSb)

KoHcTUTyTHBaH (CMLSD).
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I'enn onroBopuu 3a Moaudukanmjy pubo3oMa Koj pa3IuduTHX BpcTa OakTepHja cy:

e [ler erm rena oTKpUBEHO je Koa OakTepuja S. aureus: ermA, ermC, 1 Mambe TPUCYTHH
ermB, ermF u ermY [197].

e Pe3uCTEHTHOCT Ha MakpoJuae Koa OakTepuja S. pyogenes je IpUMapHO KOJUpaHa erm
reauma, ermA/ermTR u ermB. [81, 198].

o Konu Oaktepuja S. agalactiae pe3uCTEHTHOCT HA €PUTPOMHIIMH W KIWHJAAMUIIMH CeE
yriaaBHoM nipuriucyje ermB, ermA/ermTR u ermC rennma [199].

e Ha orpanmuenom Opojy m3omara Oaktepuja S. pneumoniae u Enterococcus spp.
JIOMUHAHTHO cy onucanu ermB renu. [200].

e Jlullepcuo m cap. cy mpBH 00jaBHIM TPHUCYCTBO ermT TE€Ha PE3UCTEHIMjE KOI

Oaktepuja Streptococcus B-haemolyticus rpyne [ v Enterococcus spp. [201].

Metnnanmja je OpBM MeXaHM3aM pE3UCTEHLMj€ Ha MAakKpoJWAe U jaBjba Ce€ yclen
noctrpanckpurimone Moaudukamnuje 23S rRNK merunrpancdepazama [196]. I'enepanno,
TeHH KOjU KOJIMPajy OBE METHIIa3e CE O3HAYABAjy ca erm | JI0 CaJl je ONMCAaHO HEKOJIMKO Kiaca
erm rtena [202]. IlomTo ce mecto Be3mBama Ha S50S pPHOO30MCKO] TOMjEIUHHIN 32
EPUTPOMHUIIMH TIPEKJIana ca MECTOM Be3WBambha 32 HOBHjE MAKPOJIMIC Kao M JIMHKO3aMUIE U
cTpenTorpaMuH rpyne b, Mmogudukamnuja MeTuanujoM cMmamyje Be3uBame U HajBeher Opoja
MakpoJiuaa, JMHKO3aMHujaa u crpentorpamuHa rpyne b, crtBapajyhu MLSb denotun
pesuctennuje [203]. Excrnpecuja MLSb pesucteniuje mMoxe OUTH KOHCTHUTYTHBHA WJIH
uHAyIMOwmITHA, cTBapajyhu cMLSb, ogHocHo, iIMLSb ¢genortun. ¥ ciydajy iMLSb ¢enortuna,
Oaxrepuja nmpoaykyje nHaktuBHy iIRNK Kkoja mocraje akTHBHA caMO y TIPUCYCTBY MakpoJuaa
Kao0 MHIYKTOpa. Y MPHCYCTBY MHAYKTOpa (OOMYHO €pUTPOMUIIMHA), HACTAje Mpepacroaena
iRNK, koja mo3BosraBa puO0O30My Ja TPEBEAE CEKBEHIy Koja kKomupa mermiazy [81].
Hacympot Tome, kox 6akTepuja koje mokaszyjy cMLSb genorum pesucrennuje aktreHa iIRNK
MeTHJa3a ce MpOoJyKyje y oAcycTBy umHaykropa. denHoruncku, iIMLSb n3onatu mokasyjy
CMambeHy 30Hy HMHXUOMILHMje KIMHIaMHMLMHA IpeMa epUTPOMMLUH IMCKY y IYIUIOM JUCK
TU(dy3UOHOM TECTY, JOK je yoOW4ajeHH KpY»KHH OOJHMK 30HE WHXHOHWIMjEe MPHUCYTaH OKO
KIMHIAMHALOMHA KaJ je ynajbeH o aucka epurpomunmua [204]. MHoOTH ox erm TeHa Cy
MOBE3aHU Ca KOHjyraOWIHIM M HEKOH]yraOMIHUM TPAaHCIIOH30HUMA KOJH Cy YeCTO MTOBE3aHU
ca JIpyTMM reHuMa pe3UCTeHITM]e, Majia Cy HEKU 01 OBUX reHa Hal)eHu u Ha rasmuanma [202,

205]. OBM TpaHCIOH30HHU, KOjU HMMajy MOTYNHOCT NIpeMellTama TI'eHa PE3UCTeHIMje Ha
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oceTJpHBe M30i1aTe KoHjyramujom [206, 207], nmajy Bemuku Opoj moryhux momahmHa, mTo

o0jammaBa 3anaxarme Ja pa3inuuTe Bpcte Oakrepuja Hoce erm rexe [202].

AHTHOMOTUKOM HHAYKOBaHO 3aycTaBibatbe Tpancmanuje iRNK u cuHTese mportenHa y
Oaxrepujckoj henuju Boau 1o nosehane peakrnBHocTr ErmC nmportenHa, metunTpancdepase,
Koja MoaupukoBameM Benmke mnonjeaunune pubdoszomanmne RNK (rRNK) moBomm no
pe3ucTeHIje HAa Makpoyije. 3aycraBibame TpaHcmanuje iIRNK ox cTpaHe HacleHTHOT

TTOJIMTICTITH THOT JIaHIa HacTaje 300T MHTepaKIIH]je TOT JIAaHIIa 1 PUO030MAaJTHOT TyHEa.,

Benuku Opoj auaep nentuaa MHIyKyje oAarame TpaHcaallje U TAME peryJiniie TPaHCIalujy
HUCXOJHOT I'eHa. 3a BpeMe CHHTe3€¢ NMPOTEHHA, HACLEHTHU IMOJUMENTHIHU JIAaHIK YHYTap
puO030MaTHOT KaHaIa MOXKE y IIMC OOJMKY MHIYKOBAaTH KOYEeHe prO030Ma U MOXKE YTHIIATH
Ha ekcrpecujy Hucxonuux reHa. ErmCL munep xon mentunaa S. aureus MHIYKYje KOYCHE Y
NPUCYCTBY KIMHUYKY BaKHUX aHTHOMOTHKA M3 TPyIe MAaKpPOJIH/A, Kao IITO j€ SPUTPOMHUIIH,
nHAYKyjyhu ekcnpecujy HucxogHor reHa u nponykuujy ErmC meruntpancdepaza. ErmCL
HACLIEHTHM TNENTH/IHY JIaHall II0]] yTUIajeM JAUPEKTHE Be3e aHTUOMOTHUKA U TyHella HHAYKYje
anocTepuyHy KoHpopMalujy © mpememrama y nenrtuauntpanchepasa neHtpy (PTC)
pubozoma. ErmCL-uHIyKOBaHO MpeMelTame y HNenTUAnI TpaHchepasa LEeHTap clpeyaBa
CTaOMITHO Be3uBame 1 cMemTaj amuHo-ami tRNK Ha A-Mecto, ynMe 1oBoau 10 HHXHOUIIH]jE

(dopmupama MeNTrAa 1 3ayCTaBJbamkba Ipolieca TpaHciIalyje.

1.10.2 AKTHBHO H30aUBalh€ AHTHOMOTHKA

I'en msrA, msrB v HoBooTkpuBern msrC konupajy ATP-3aBucny eduykc mymmny (ABC), koja
JIOBOJIM JIO pe3ucTeHIuje Ha 14-umane u 15-umane Makponuze u crpentorpamuae b (MSb
(denotun pesucrenyje) [81, 200]. Ipyru mexaHu3aMm, OJrOBOPaH 3a PE3UCTCHIM]Y HA 14-
yiaHe W 15-4iaHe MakpoJHIE M OCET/BMBOCT Ha |6-4iaHe MakKpoJH[e, JTHHKO3aMHIE H
crpentorpamune rpyne b (M/MSb ¢enorumn), HacTaje akuMjoM NPOTEHHA BE3aHHUX 32
MUTOIIa3MATCKy MeMOpaHy KOju HWCIyMIIaBajy aHTHOMOTHKE W3BaH hemnuje, oapkaBajyhn
WHTpalleyJapHy KOHIIEHTpAallMjy aHTUOMOTHKA HHUCKOM H CIipeuaBajyhn Be3uBame
anTHOnoTHKa 3a puOo3ome. OBa IMmymma, MOBe3aHa ca IUTOIIA3MAaTCKOM MEMOpaHOM, je
koaupana mef reauma (Makpoiua edaykc) [208]. Onucano je Beh Hexonmko mef reHa, a
Hajuemthn mehy muma je mefA ren [209]. mefE reH je npBo onmcan Kof S. pneumoniae u OH

nemn 90% DNK u 91% amubO kucenwHa ca mefA reHOM, OJHOCHO, HETOBUM ITPOTEHHOM
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[210]. [pucyctBo oBOT TeHa je Takole moTBpheHo y m3omatuma S. pyogenes [211]. Paznuka
m3mehy mefA u mefE TeHa je enuaeMruoNoNIKA BaKHA 3aTO IITO WX HOCE PA3IUIUTH T'€HETCKH
€JIEMEHTH, a ’bUXO0B HAYMH NpeHolena je paznuuut [212, 213]. Kog S. pyogenes cy nHahenn u
Ipyru mef TeHu, kao mto cy mefl, mefO u mef reH Mo3andHe CTPYKTYpE, KO Koje je 5' pernoH
UJCHTUYaH OHOM KoJ| mefA u 3' peruoH ujaeHTndad oHoM ko mefE [211, 214]. mefA reH je
OOMYHO MMOBE3aH Ca XUMEPHUYHUM EJIEMEHTOM, CACTaBJLEHUM OJ1 TPAHCIIOH30HA HHCEPTOBAHOT
y mpocar [215], nok cy mefE TeHn 4ecTo moBe3aHu ca CIOKEHUM TPAaHCIIOH30HUMA, y KOjuMa
ce Hayase u Ipyru renu pesuctennuje [213]. ['eHeTckn eneMeHTH KOju HOCE mef TeHe ¢y Beh
MTOKAa3aJIi CIOCOOHOCT XOPU30HTATHOT NPEHOIIeHa YHYTap Bpete S. pyogenes [207,216, 217].
I'en mefA xon 6akrepuja S. pyogenes u reH mefE Hahen kon S. pneumoniae n Enterococcus
Spp., JOBOJIE IO pe3ucTeHuuje Ha 14-ujmaHe W 15-uwiaHe Makpoiauae M OCETJHUBOCTH Ha
nuHKO3amuae W crpentorpamuHe (M denotun pesucreninuje) [218]. bakrtepuje poma
Enterococcus, npemMa 10caIallilbM UCTPAKUBAKUMAa, MOTY UMATH Y CBOM reHoMy u msrC reH,

KOjH KOAMpa aKTUBHO M30alnBamke Makpouaa u ctpentorpamuna rpyne b [201].

XoneHOek U cap. Cy MOKa3aJld BXKHOCT /sa T€Ha, OJITOBOPHOT 32 YPOheHy pe3UCTEHIHM]y Ha

cTpenTorpaMuHe A U IMHKo3aMuze koJ O6akrepuja E. faecalis (LSa penotun) [219].

1.10.3 Moandukanuja aHTHONOTHKA

WnenTudukoBaHo je HEKOIMKO eH3uMa Koju MoauuKyjy MLS anTubHnoTHKE, 8 HAj3HAYA HU]H

Mel)y ’UMa je TUHKOMHUIIMH HYKJICOTHAMITpaHCcepa3a Kora KOJAupajy:

e /nuA reH Kop cTaguUIOKOKa

e [nuB reH xox Oakrepuja Bpcte E. faecium u S. agalactiae.

OBaj eH3UM je OJTrOBOpaH 3a HaCTaHAK PE3UCTEHIH]e Ha JTUHKO3aMHJIe U cTpentorpamMunae b
(LSb denorun pesucrennuje) [220]. Hacynpor MLSb denotumny pesucrenuyje, crienupuana
pe3UCTEeHIMja Ha JIMHKO3aMHJIE HAacTajeé CeH3MMCKOM WHAKTHUBAlMjOM aHTHOMOTHKA.
®Dochopunaruja u HyKICOTHAMIAIM]A XUIPOKCHII TPyIIE Ha MO3UITWjH 3 je Oua 3amaxeHa Koj
HEKOJINKO BpcTa crpentomuniera [221, 222]. Jluakoszamup HykIeoTHIMITpaHcdepase
Koxupane /nu reanMa (peTxonHo /in) cy Ouie mpoydaBaHe u KO JbYIU U KOJI JKHBOTUECKUX
BpcTa [223, 224, 225, 226]. Koj KIIMHWYIKUX U30J1aTa OWIIo je onucaHo 6 [nu rena: [nuA, InuA’,
nuB, [nuB-like, nuAn: w [linF [227, 228, 229, 230, 231]. O-mykneotumuinrpanchepase

KOAMpaHE OBUM reHMMa WHAKTUBUPA]y aJeHWIauWjy JTuHKo3amuaa [227, 229]. lnuA u lnuA'
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reHu cy Hal)eru koa Bpcte S. haemolyticus u S. aureus [228, 229]. InuA v [nuA’ xonupajy 1Ba
n3oeH3uma oj; 161 aMuHO KucelnHe, KOjU ce pas3nukyjy y 14 amuHo xucenuHa. [nuAnz reH,
xomoJioraH [nuA u lnuA' reanma (55% upeHTHYHOCTH), je HaheH kox OakTepuja Bacteroides
spp- [231]. OBaj ren Hoce MOOWIIHU TPaHCIIOH30HHU. /nuB TeH je onucan koj Bpere E. faecium
[227]. [nuB TeH He moOKa3yjy XOMOJOTH]y ca JPYIHMM [nu T€HUMa W HOCH Ta BEIUKHU
KOoHjyrabminu asmujl. Henasuo cy unentuduroanu /nuB-like ren (79% naentuanocty ca
[nuB) u [inF ren (34,9% wunentnuHoctu ca [muB) xon Eubacterium, OTHOCHO KOJ BPCTE
Escherichia coli [230]. Kon E. coli, linF ren naje yHakpcHY Pe3UCTCHIIHM]Y HA JIMHKOMUITUH U
KJIMHIAMHIWH, JOK KOJ JPYrUX MHKpOOpraHu3ama, [nu TeHHM [Aajy pEe3UCTCHIH])y Ha
JMHKOMUIIMH ajii HE W Ha KIMHIAMHUIUH. MehyTuM, KIMHAAMUIIMH y TOM CIy4ajy BHIIEC HE
Jienyje OakTepuluaHO Ha oceTsbuBe cojeBe [226]. HoBu /nuC reH maje pesucreHIujy Ha

JUHKOMMIIMH KOJI KIIMHUYKHX cojeBa S. agalactiae.

W3onoBana pe3ncTeHnyja Ha IMHKO3aMH/Ie Koja aeduHume L ¢peHoTHr je peTka u onucana je
kon S. agalactiae. HenaBno cy Ha HoBom 3enmanay mnpujaBibeHH CcOjeBU S. agalactiae
MHTEPMEIMjapHO OCET/HUBH HJIM PE3UCTCHTHH Ha KJIMHIAMHUIIMH ¥ JIMHKOMUIIMH, 8 OCET/HHBH
Ha eputpoMulinH [141]. Mehytum, oBa pe3ucTeHIIMja HA JTUHKO3aMHJIE j6 KOMOMHOBaHA ca
BrcokoM BpenHomthy MIC-a 3a nandonpuctus (4 no 32 pg/ml), ctpenTorpamMuH rpyme A, mTo
nedunure Tako3Banu LSa penorun. buoxemujcka u reHeTcka OCHOBa OBE PE3UCTEHII]E je 3a

caJ HCI1o3Hara.

YV KaHasu je mpujaBJbeH jeIaH COj PE3UCTCHTaH Ha KIIMHIAMUIIMH B OCETJHUB Ha €PUTPOMUITIH
Koju je Hocuo [nuB (/inB) ren, cnuuaH redHy Koju je npsu NyT HaljeH koj coja E. faecium, a

0MO je 0JIroBOpaH 3a JIMHKO3aMHu/[ HyKJIeoTHwianujy [227, 232].

HoBu ren, nHazBan [nuC, HHje Tako ONHMCKO CpoJaH JpyruM [nu TeHnMa. MaceHom
CHEKTPO(OTOMETPHjOM je TOKa3aHO Ja OH JIOBOAM JIO PE3HMCTEHIMjE Ha JTMHKOMHIIMH 300T
HYKJICOTUAMIANMje aHTHOMOTHKA. [Iperu3Ho MecTo HYKICOTHIWIAIUje JIHMHKOMHIIMHA U
KJIMHIAMHIIMHA HUje omucaHo. LnuA Hykieoruauiarpanchepasa mMomupukyje XHIPOKCHI
rpyIy Ha KJIMHIAMUAIIMHY ¥ JTUHKOMHUIIMHY Ha TO3UIIUjHU 3, ogHOCcHO 4. HacympoT Tome, LnuB
MOU(DHKYje XUIPOKCUII TPYITy Ha TIO3UIIHjH 3 U Ha KIIMHJAMUIIMHY ¥ Ha JIMHKOMUIUHY. [nuC
TeH je MOCPe0Ba0 Y WHAKTUBALU)H U JIMHKOMHIIMHA U KIMHIAMUIMHA Y ['paM-103UTHBHO]
OaxTepuju u y Tpanchopmucanoj E. coli. Mehytum, xon S. agalactiae je Ouna koHcTaTOBaHA
CaMo PE3UCTEHTHOCT Ha JIMHKOMHMIIMH, JIOK je Kox E. coli Ouna KOHCTaTOBaHa Pe3MCTEHTHOCT

Y Ha JUHKOMMIIMH M Ha KIWHAaMuIuH. Paznor 3a pa3janiuTy q)CHOTI/IHCKy CKCHpCCI/ij rc¢Ha
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PE3UCTEHIIH]je OCTaje Hepa3jalnkbeH. MoXk/a je CTpyKTypHa pasirka u3Mel)y aBa TMHKO3aMHIa
MoBe3aHa ca pazjiukamMa y aduHUTETY KIMHIAMUIMHA W JMHKOMHIIMHA 33 BE3MBamhe Ha
pubozomy kox I'pam-mosutuBHMX u ['pam-nHeratTuBHHX OakTtepuja u 3a LnuC eHzum.
Knunapamunms moxaa uMa sehu apunuteT 3a pudo3ome ['pamM-no3uTuBHUX OaKkTepHja HETo 3a
LnuC en3zum. I'en InuC je nonupan Ha TeHETCKOM €JIEMEHTY Koju caapku IS/ TpaHcmo3asa ren
¥ KOjH j€ KapaKTepUCTUYaH 10 HECaBPIIEHNM HHBEPTOBAHUM MOHaBJbakbuMa. CTPyKTypa OBOT
TEHETCKOT €JIEeMEHTA je CIMYHA i He W MJCHTUYHA CTPYKTYpU TPAHCIIOH30HA, a MOCTOje 1
CIIMYHOCTH W pa3uke Hu3Mel)y OBOr TEHETCKOr elleMeHTa W KIACHYHUX HHCEPIUOHUX

CCKBCHIIU.

1.11 D-tect

Jom maBue 1969. roguHe mpumeheHa je MOBE3aHOCT PE3UCTEHTHOCTH HA EPUTPOMHUIIUMH H
knmuagamuniH  [233]. KacHuje je moka3aHo Ja ce WHAYUMOWIHA PE3UCTCHIMjA Ha
KIMHJIAMUALIMH MOYKE KOHBEPTOBATH Y KOHCTUTYTHUBHY [234], a OpOjHH U3BEIITAjH O HEYCIEXY
Tepanuje uH(EKnrja m3a3BaHuUX cTaUIOKOKaMa, Koje MOoKazyjy MHIyuuOowiaHu tun MLS

pe3ucTeHIyje, moTBphyjy nmpeTxoane Hanase [235, 236].

KnuHpaMuImH OCeTJbUB W epUTPOMMLIMH PE3UCTEHTaH cO0j OakTepuje MOXKe pa3BUTU
pe3ucreniyjy Ha kiauHmamunud [81]. I[IpousBon erm TeHa je pubO30M MeTHiIaza 4uja je
eKCIIpecHja HOpMATHO MUHUMaITHA. EpUTpOMUITMH HHAYKY]e POy KITHjy MeTHiiase, 300T uera
Cy TH COjeBH PE3UCTECHTHU HA EPUTPOMUIIMH, aTH MyTalllja y PETHOHY MPOMOTepa erm reHa
JIOBOJIM JT0 TIPOTyKIIHje MeTmiaza 0e3 naaykropa [204, 237]. OBu MyTaHTH Cy KOHCTHTY THBHO
EPUTPOMHIIMH ¥ KJIWHAAMHUIIMH PE3UCTCHTHH, MaJla CE CPUTPOMHUIIMH PE3UCTCHINja MOXKE
jaBUTH W 3axBajbyjyhu apyrum mMexanmmuma (Tj. eduiykc mymmna u eH3uMcKa Moaudukamnmja
neka) [238]. D-tect naentudurkyje MHAYIMOWIHY KIMHAAMHIIMH PE3UCTEHIIN]Y KOja yKazyje
Ha MOTyhHOCT KOHBEpTOBaWba MHAYLUUOWIHE Y KOHCTUTYTHBHY KIMHIAMHUIIMH PE3UCTCHLU]Y
[239]. Hucku HHMBOM epUTPOMHIIMHA Cy HajeUKaCHUjU WHIYKTOpW HHAynuOwiHne MLSb
pesucrennmje. [locroje cnemmjanan auck nu(y3HOHH TECTOBU KOJH NETEKTYjy, y3 momoh
EepUTPOMHULIMHA KAa0 WHAYKTOpa, cojeBe ca iIMLSb ¢enorunom pesucrenuuje [237]. OBu
TECTOBU HOJAPa3yMEBajy CTaBJbaE SPUTPOMHUIIMH JMCKA y HEIOCPETHO) OIM3MHU JIHCKA ca
KJIMHIaMULIMHOM WM JUHKOMUIIMHOM. [lommTo epurpoMuniuy tudyHayje Kpos arap, MHAyKyje

PE3UCTCHTHOCT Ha JIMHKO3aMH/C, ,Z[OBO,I[ehI/I A0 3apaBmCHba  30HC I/IHXI/IGI/ILII/Ije OKO
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JMHKO3aMH/Ia Ha CTPAaHU OKPEHYTOj MpeMa TUCKY epUTPOMUIINHA, 1ajyhu joj 0OIMK BETHKOT
natuHugHOT ciioBa D (edekar D-30He). DubENKOPH 1 cap. Cy Cyrepucaliy Aa je MambH MPOCTOP
u3Mel)y nuckoBa y OJHOCY Ha CTaHIApAHW, HEONXOJaH 3a JJ00Wjamke HHIYLIUOWITHE
pe3UCTEHIM]je, ONITUMATHO pacTojame n3mely auckona je oa 10 g0 15 mm; pacrojame 20 mm

usmel)y nruckoBa u Beha koH1eHTpanuja eputpomuiiHa (30 pg) ce takohe npenopyuyjy [193].

[TosutuBHM D-TecT yka3yje Ha MPHUCYCTBO erm TeHa KOJH MOTY JOBECTH 10 KOHCTUTYTHBHE
KIIMHJIAMUIIMH PE3UCTEHIIMje W HEyclexa y Jeuewmy HHPEKIHje KIWHaaMuimHoMm [239].
OcetrseuBocT D-Tecra 3a nerexknujy iMLSb cojeBa koju caapxke ermA wim ermC TeH Ouia je
100% na 15 1o 20 mm u 97% na 26 1o 28 mm 3a S. aureus, 10K je 3a KoaryJjia3a HeraTUBHE
craunokoke 6una 100% na 20 u 26 mm pacrojama usmehy auckona [193]. Ocerspusoct D-
tecta ca 15-20 mm pactojama u3Mmely JaUcKoBa €PUTPOMHUIIMHA U KIMHIAMUIIMHA OuWIa je
100% y mopehemy ca aHanM30M peakilyje JIaHYaHOT yMHO)KaBama (eHr. polymerase chain
reaction (PCR)) erm u msr rena [193, 240, 241]. Knuandku n3onatu koju mnokasyjy iMLSb
(deHoTun pe3UCTEHLMje HMajy BHUCOKY CTONYy CIIOHTaHMX MyTanuja, ynorpeba He-
MHIYKTOPCKUX AHTHOMOTHKA Kao IITO je KIMHIAMHIMH MOTY JOBECTH [0 CEJICKIIHje
KOHCTUTYTHUBHHUX MyTaHaTa ca ydectanomihy on 10-7 cfu (enr. colony forming units, jeauania
(hopmupanux kosoHuja) [242, 243, 244]. Mekl'u u Ipyru UCTpakMBauu Cy MOTBPIWIA OBY
Op3y in Vvitro KOHBEp3Wjy HWHAYIHMOWIHE y KOHCTUTYTHBHY MLSb pesucreHmjy kon
craunokoka [242]. [TocToje OpojHH CITydajeBH JIOMNX UCX0/a JIeUemha 030MbHIX HHPEKITHja
M3a3BaHUX cojeBnMa cradmiokoka ca iMLSb penornnom pe3ucreniyje KIMHIAMATTHOM WA
JTUHKOMHIIMHOM [242, 245]. KnungamunuH je 6Uo nyro BpeMeHa KopuiiheH 3a Jiedeme
KOXXHHMX, MH(EKIHja MEKOT TKMBAa W O30MbHHjUX HWHGEKIHja, U TO CBE 300T HEroBe
epukacHoctu potuB MRSA n MSSA cojeBa, kao u anaepoOHux Oaktepuja. MuaynmubOunna
KJIMHIAMULIMH PE3UCTEHIIMja j€ 0Bela y MUTamke ynoTpeOy KIMHAaMHUIIMHA KOJI €PUTPOMHUIIMH
pe3ucTeHTHUX cTaduiIokoka. MelhyTuM, YKOIMKO WHAYIUOWIHA PE3MCTEHIUja MOXe OWUTH
PYTHMHCKH NIOY3aHO OTKPUBEHA KO/ KIIMHIUYKY 3HAYajHUX W30JIaTa, KIMHIAMUIIMH CE MOXKE ca
curypHomhy ynotpeOuTy Ko maiujeHaTa HHQUIMpaHuM cOojeBIMa OaKTepHja Koje TOKazyjy
"mpaBy" kiMHAAMHUIMH oceTJbuBOCT [242]. CLSI npenopyuyje pacTojame n3mely nuckoBa o

15 1o 26 mm [246].

TecTroBM KOjU ce KOpHCTE 3a JIETCKIHjy WHIYIHOWIHE MaKpOJIUI-THHKO3aMUI-

ctpentorpamut b (iMLSb) pesucrennmje cy:
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o dcHoTHrcka MeTOAa: AMCK AU(PY3MOHW HMHAYKIHMOHHU TECT OJHOCHO IYIUIM AHMCK
nudy3UOHH TECT, To3HAT Kao "D-tect"

e ['enoruncka merona: uaeHTuuUKanuja erm resa mynrummiekc PCR-om.

KnuapaMunmH HMje HoJecaH YKOJIMKO Cy H30/1aTd D-TecT MO3UTHBHH, CBE [OK Cce
Jne(UHUTHBHO HE JIOKaxe fa je nzoinar D-tect HeratubaH [247]. CojeBu ca erm mocpe10BaHOM
€PUTPOMULIMH PE3UCTEHIINjOM MOTY HOCEI0BaTH MHAYIUOWIHY KIMHIAMULMH PE3UCTEHIH]Y
Iy ce MOTY TOKa3aTd M OCETJPMBHM Ha KIMHAAMUIMH Yy PYTHHCKOM IUCK JH(Yy3HOHOM
TeCTUpamy OCET/HUBOCTH. JlabopaTopHje ¥ KIMHWYApPH MOpPajy OWTH CBECHH IPEBAJICHIIH]E
iMLSb ¢enotuna pesucrenumje Mmelhy ['paM-O3UTHBHHM KOKamMa Yy CBOM OKpYXEHY.
[IpeBanennyja HHAYIUMOMIHE KIMHIAMULMH PE3UCTEHIIM]E€ C€ MOXE pa3lMKOBaTH U u3Melhy
nBe OosHuIle y uicToM reorpadcekom noapyyjy [242]. [Tomto je D-tecT jeqHocTaBaH, jepTrH u
JaK 3a u3Boheme, MOoKe OWTH YKJBYYEH Kao JIe0 PYTHHCKOT TEeCTHpama OaKTepHjcKe
0CeTJHUBOCTH Ha aHTHOMOTHKE. KoprcT on pyTHHCKOT n3Bohema D-Tecta je upentudukamnmja

cojeBa ca MPaBOM OCETJbMBOIINY Ha KIVMHIAMUIUH [82].
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2 IINWJBEBU U XUIIOTE3E UCTPAXKHUBAIBA

2.1 HwbeBu UCTPaKMBaAHA

1. VtBpautu jeman oj mer ¢genotunoBa MLSb pesucrenmuje 3a uzonarte S. aureus,
KoaryJsasa HeraTuBHE ctaduiIoKoke, Enterococcus spp., S. pneumoniae, S. agalactiae
u S. pyogenes, koputthemem D-tecTa.

2. Wnentudukosaru rene oarosopue 3a MLSb pesucrenuujy: ermA, ermB, ermC, msrA,
msrB, mefA/E, InuA, InuB, IsaA wn [saC 3a u3onare S. aureus, xoaryjasa HETaTUBHE
cradunokoke, Enterococcus spp., S. agalactiae u S. pyogenes, KopulhemeM
mynruruiekc PCR-a.

3. VYr1Bpautu u ynopeautu ydectanoct (eHorunoBa u reHa MLSb pesuctenmnmje kox
I'pam-mo3UTHBHUX KOKa Mpema: BpcTama OakTepuja, BpcTama Marepujana (OpuceBu
rpja v HOCa, TCHUTAITHHU CEKPETH, TMOKYITYPE) M IOPEKITY MaTepujana (aMOyJIaHTHH 1
OOJTHUYKH).

4. YTBpIUTH CEH3UTHBHOCT M crnienupudHocT D-Tecta, Ha OCHOBY MPHUCYCTBA erm TeHa,

KOJT M30J1aTa Koju ¢y mokazayim iMLSb deHOTHTT pe3ucTeHIyje.

2.2 Xumnore3e HCTPAKUBAKHA

1. TlocToju cTaTUCTHYKH 3HAYajHA pa3iuKa y ydecTanocTu ¢eHoTunoBa u rena MLSb
pesucTeHnuje n3mel)y METHITMIIMH-PE3UCTEHTHUX U OCET/BUBUX CTA(UIIOKOKA.

2. Tlocroju cTaTHCTMYKM 3HAa4YajHA pa3iMKa y ydectaiocTH (enorunona u rena MLSb
pesucreHnuje u3mely paznuuntix Bpera ['paM-mo3suTHBHUX KOKa.

3. Tlocroju craTHCTHYKK 3Ha4YajHA pa3inka y ydecranoctu (eHorunoBa u rena MLSb
pesucteHnuje n3mely OOTHUUKHUX 1 aMOyJIaHTHHUX M30J1aTa ["paM-mo3UTHBHUX KOKA.

4. TlocToju CTaTUCTUYKHM 3Ha4YajHA pa3linka y ydecTanocTH ¢eHoTunoBa u rena MLSb
pesucreHnyje u3mely nzonata I'paM-MO3UTUBHUX KOKA M30JI0BAHUX M3 PA3IUUYUTHX

BpCTa Marepujana.
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3 MATEPUJAJI U METO/IE

3.1 IlnaH ucTpakuBama

HctpakuBame CIIPOBEIEHO Y OKBUPY OBE CTYJIMje NMAJIO je ABe (a3e:

e VY llenTpy 3a MEUKpOOHOJIOTH]Y 3aBO/A 3a jaBHO 37paBJbe y Bpamy U3BPIICHO je
MUKpPOOHOJIONIKO UCTIMTUBAKE U YTBphUBame henorunoBa MLSb pesucreniyje.

eV Ilentpy 3a Mukpobuonorujy MacTuTyTa 32 jaBHO 31paBibe y KparyjeBiry o6aBibeHa
je excrpakmuja 6akrepujcke DNK 1 npunpema y3opaka 3a Jajpy aHaJIH3Yy, H3BEIECHO
j€ yMHOXaBame CeKBeHIM ucnntuBanux rera pesuctennuje (PCR) kao n muxosa

BU3yeNU3alHja rei-enekTpodope3oM Ha arapo3HoM reiny.

3.2 Y3opkoBame M IPpMMapHA H30/1a1Hja

Bakrepuje cy Omie m3omoBaHe M3 PEIOBHOT MaTepujayia Koju je ynmyhwBaH W3 TpHjeMHHX
amOynanTH cBuX mect onmTHHA [Tunmckor okpyra y LlenTap 3a mukpoOuonorujy 3aBoaa 3a
jaBHO 31paBibe y Bpamy, y nepuoay uzmely noBemOpa 2013. u anpuna 2014. ronune. 3aBox
3a jaBHO 37paBJbe Y Bpamy Hanasu ce Ha Teputopuju [TUnmBCKOT OKpyra CMEITEHOT Ha jyry
Cpbuje (Cnuka 3). IMunmcku okpyr mma moBpinHy of 3.520 km?, mpubnmxuao 245.000
CTaHOBHUKA U 4YWHU ra rpaj Bpame u onmrune Brnagmunn Xan, Cypaynuua, bocunerpan,

Tprosumte, byjanosar u [Ipemeso.
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>

Cauka 3. [Tonoxaj [Tunmckor okpyra y okBupy Teputopuje Pemmyommike Cpouje

VY crynujy je 6Mo yKJbyHeH camo IO jelaH M30J1aT O]l CBAKOT maiujeHTa. M3onatu cy ounm
Mpey3eTH U3 pa3InIUTHX BpCcTa Marepujaia u 1o: 881 n3onar u3 Opucesa rpia u Hoca, 858 u3
MUOKYNTYpa 1 617 M3 TeHUTATHUX CEKPeTa U U3 MaTepHjajia pa3IHduTor Mopekia yKbydyjyhu
n3osiaTe aMOYJIaHTHOT W OOJIHWYKOT TOpeKia. Y3opmu cy oOpahuBanm yHyTap IBOCATHOT
BPEMEHCKOT OKBHpa O/ TPEHyTKa MpHjeMa, KaKo je MPOMUCAHO CTaHIApIHOM IPOIETypOM
[28]. Onu cy 3acejaBaHM Ha HECENIEKTUBHY YBPCTY MOJIOTY ca 5% OBYMjOM KpBH (KpBHH arap),
eHJI0 arapy, AuQepeHIUjanHoj IOAJI03U, U HHOKYJIHMCaHU Cy Yy JAEKCTPO3HH OYjoH 3a

oborahuBame, a 3aTuM cy nHKyOupauu 24 1o 48 cartu na 37 °C.
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3.3 bakrepujcku cojeBH

HcTpakuBame je CIpOBEICHO Y BUIY SKCIEPHUMEHTAIHE CTyAHje Ha MUKPOOPTaHU3MHMA in
vitro. Y WCIHATUBaWkE Cy OWIM YKJbyUeHU KIMHWUYKU H30JaTH | paM-TIO3UTUBHUX KOKa:
Staphylococcus aureus, xoaryna3a-HeraTuBHe craduiokoke, Enterococcus spp, Streptococcus
pneumoniae, Streptococcus agalactiae n Streptococcus pyogenes W peQepeHTHU COjEeBU
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Enterococcus faecalis
ATCC 29212 u Pseudomonas aeruginosa ATCC 27853.

3.4 Mertoae aHajmn3e 0aAKTEPHjCKHUX COjeBa

VY cryamju cy kao Bapuja0iie MCIHTHUBAHE: BpCTa OakTepHja W HUXOBA OCETIHUBOCT Ha

anTuonoTrke, MLS ¢denotumnoru pesucreniyje u reart MLS pesucreniyje.

3.4.1 Muxkpoo1oJ0IIKO HCTUTHBAH€

MukpoOHOIIOIIKO HCITUTUBAKE MTOIPA3yMEBAIIO je UICHTUDUKAIIN]Y OaKTepHja U UCTTUTHBAC
IbUXOBE OCETJBMBOCTH Ha AOCTyIHE aHTHOMOTHKE. CBU MpHCIIENN y30pLu OMIIM Cy 3acejaHu
Ha XpamUBY HECEJIEKTUBHY IOAJIOTY KPBHH arap W uHKyOupanu 18 mo 24 gaca na 37°C y
TepMOCTaTy y aepoOHHM ycioBuMa. bakrtepuje cy Oune uneHTUUKOBaHE, y 3aBUCHOCTH Off
MOpP(QOJIOTHje HHUXOBUX KOJIOHH]ja, KJIACHYHOM OHOXEMHJCKOM HWJICHTU(DHUKAIIU]OM W
cepoJIolIKoM uAeHTH(UKanujoM. McnuTuBame OCET/BMBOCTH H30JIOBaHMX OakTepuja Ha

anTHOnoTHKe (aHTHOMOTpaMm) Omito je paljeno npema npenopykama CLSI [246].

3.4.1.1 Hoemmugpuxauuja 6axmepuja

o Bakterije roda Staphylococcus: Y3opuu cy OWiM MHOKYJIMCAHU Y IEKCTPO3HU OYjOH
U Ha KpPBHOM arapy, MHKyoucanu ox 18 no 24 cara na 37°C. 3abenexeHa je cBaka
MojaBa 3JIaTHO KYTUX WM 0K 000jeHHX, HEMTPO3UPHUX KOJIOHH]ja HA KPBHOM arapy.
Opx mpuMapHHX KyJTypa je IpaBJbeH pa3Ma3 Ha IPeAMETHOM CTaKITy, KOjH je 3aTUM 01O
0ojer mo I'pamy. MUKpOCKOIIUpamkEM Cy Ce Ha Ipernapaty Bujene ['paM-To3uTHBHE

KOKe y Tpo3moBuma. Ilocie orcepBanyje NpUMapHUX KyJATypa, Y Jajboj
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uaeHTHGUKanKju cTaduIoKoKka 10 HIBOA BpcTe paljeH je Koaryiasa TeCT Ha IUIOYHIN
(Bezana koarymaza) 3a gnereknujy "clumping" daktopa [248]. Ilo nBe kamm
(U3MOIIOIIKOT pacTBOpa Cy CTaB/baHE Ha J[BAa MECTa Ha MPEIMETHOM crakiy. [1o jeqHa
KOJIOHH]a je cTaB/baHa y KpYyT CBaKe Kalu U 3aTUM je pazMyhuBaHa. JeaHa kam miazme
je lojlaBaHa Ha IPBU Kpyr U MelllaHa JApBeHUM mrtanuhem. JeaHa xan (u3nogomKor
pacTBopa je JojaBaHa y APYTH Kpyr, MeIlaHa M 3aTUM KopuinheHa Kao HeraTHBHA
KoHTpoia. [lmounma je HarmmaHa Hampexa-Ha3aa. llocmarpaHa je Ha TMPHCYCTBO
armytuHanyje, Tj. "clumping”" ¢akropa. Cnuuna cycrieH3uja MO3UTUBHE U HETATHBHE
KOHTPOJIC je TeCTHpaHa MCTOBPEMEHO. XOMOTeHa U MJIeUHa CyCIieH3uja KOHTPOJe ca
(U3MOJIOMIKMM PacTBOPOM yKa3MBaja je Ha TO Ja HeMa ayToarityTHHaiuje. Tect je
cMaTpaH MO3UTHBHUM YKOJHMKO C€ arTyTHHaIMja 1ojaBu y poky of 10 no 15 cexynau.
Tect je cMaTpaH HEraTUBHUM YKOJIHMKO CE€ HE BHJIE TPOMYJBUIIE NIOCIIE ABa MUHYTA.
Tect koarynase y enpyBetH je BpiieH Tako mro je 0,5 ml xymane mia3me (pacTBOpeHe
(U3UOIOMIKIM PaCTBOPOM Y OHOCY 1:5) oMepaBaHO y CTEPHITHY €TIPYBETY. 3aTHM je
y emnpyBery gomaBaHo 0,1 ml jeaHomHeBHe KynType CTa(HIOKOKHOT OyjoHa.
[TosutuHa koHTpONa S. aureus ATCC 25923 w mo3Hara HeraTWBHA KOHTPOJA Cy
MOCTaBJbaHEe HMCTOBpeMEHO. EmpyBere ce mHKyOmMpajy 4 carta Ha 37°C. ®opmanmja
yIpyllKka ce Bujeia JlaraHUM HarumameM erpyBeTe mnocie 4 cara. YKOJIHMKO ce
yrpymak Huje Buaeo mocie 4 caTa, empyBeTa je Jlakeé MHKyOMpaHa Ha COOHO]j
TeMIepatypu U ouurtaBaHa mocie 18 mo 24 carta. Tect je cmaTpaH MO3UTHBHHUM
YKOJIMKO €€ MOrao BHJETH OWIO KOjU CTeleH 3TpyliaBama. TecT je cMarpaH
HETaTHBHUM YKOJIMKO HHje OWJI0 3TpyllaBama Yak Hu rociie 18 1o 24 cata nakyoanuje.
Ha manuton cmanom arapy ("Chapman" moamnosn), ox 18 mo 24 cara mHKyOHpaim cMo
CYCIIEKTHE KOJIOHH]je Ha cTadmiIokok. [TocMaTpanu cMo PUCYCTBO KYTO MPeO0jeHnX
KOJIOHH]a KOj€ Cy yKa3uBaje Ha (hepMEHTAI]y MAHUTOJIA U Ha TOJIEPaHIIA]y OaKTepHja
Ha 7,5% xoHueHTpanujy coiau. Kpemacro/3naTHo xxyTe, 6eTa-XeMOJINTHUKE KOJIOHH]E,
KaTajlaza IO3UTHBHE, Koaryjas3a IO3UTHBHE M MaHHUTON (epMmeHTyjyhe cy Ouie
uaentudukoBane kao S. aureus. Kpemacto/Oene KonoHHWje, Karana3a TO3UTHBHE,
Koaryia3a HeraTMBHE W MaHUTON HedepmeHTyjyhe cy Omine maeHTH(UKOBaHE Kao
KoaryJsa3a HeraTUBHE CTapUIOKOKE.

Streptococcus pneumoniae: IlpenuMuHapHa uJIeHTH(UKaIMja BpIIEHA je IMpema
(EHOTUIICKUM KapaKTepUCTHKaMa KOJOHHja IpUMapHe KyJIType Ha KpBHOM arapy
(Mopdomnoruja u a-xemonu3a), nmocie nakyoamnuje Ha 35°C, 24 cara. TecT katanase 3a

S. pneumoniae je 6uo HeTaTHBaH. Y KaTrajiaza TeCTy, KaTajla3a €H3UM pa3JiaXke BOJOHUK
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nepokcun (H202) xoju ce noxa y kanmuma Ha cycriektHe kononuje, Ha H2O u O2. Kog
KaTajiaza MO3UTHBHUX KOJIOHW]ja KHUCEOHUK ce ociiobaha y Buay mexypuha. Karamaza
TECT MPUMAPHO CITyXXH 32 audepeHnujanujy oakrepuja poaa Staphylococcus, xoje cy
Karajga3a TO3UTHBHE, O] OakTepuja pona Streptococcus wm Enterococcus, xoje cy
kaTana3a HeraTuBHe. [loTBpaHa naenTudukauuja S. pneumoniae je BpLIEHA TECTOM
ocetspuBOCTH Ha onrtoxuH (etilhidrokuprein hidrohlorid) [249].

BaxTepuje pona Enterococcus: Ha ocHOBY (hDeHOTHIICKMX KapaKTEPHUCTHKA KOJIOHH]a
Ha TPUMApHOj KYyJITypH Ha KpBHOM arapy (Mopdoiioruja KojoHHje, o-, B- u y-
XeMONHM3€) W3BpIIEHA je TMpeluMUHapHa uieHTHu(ukanuja Oakrepwja poja
Enterococcus. CBU CyCIIeKTHH N30J1aTH CyOKYJITHBHUCAHU Cy Ha €CKYJIMH JKy4YHH arap,
nmu PomreoBy (Rochaix) moasory, koja je mudepeHnujaiHa Mmojajora HaMemeHa 3a
uneHTudukanujy Oaxrepuja poma Enterococcus,  W3BpLICH je TeCT (epMeHTaIu)e
mehepa Manrosze u caxapose (baktepuje poma Enterococcus Bpiie (GepMeHTAIH]Y
MaJIOTO3€ M caxapose).

Streptococcus agalactiae: IlpenumuHapHa wuneHTH(UKALKMja BpIIEHA je TIpeMa
(CHOTUIICKMM KapaKTepUCTUKaMa KOJIOHHja MpPUMapHE KYyJIType Ha KPBHOM arapy
(Mopdonoruja u a'-xemMonu3a), mociie nHKyobanuje Ha 35°C, 24 cara. Unentudukanuja
S. agalactiae je Bpmena CAMP tectom [250]. Unentudukanuja cBakor u3oiara je
norBphena Ha rpyny b B-xemomutwukor ctpentokoka tj. S. agalactiae nartexc
armytuHanjoM Ha tutoumnu (Streptex-Slidex ® Strepto Plus-bioMérieux, Marcy
I’Etoile, France).

Streptococcus pyogenes: Vnentnukanyja je BpIIEHA INPOBEPOM CBHX OeTa-
XeMOJIMTHYKUAX CjajHUX KOJIOHHMja, Ha KpBHOM arapy ca 5% oBYHje KpBH.
[Ipenumunapua uaentudukanuja je ypaheHa TecTupameM OCET/BMBOCTH M30J1aTa Ha
Oanutpanun [251, 252, 253, 254] (0.04 UI, Taxo A, BBL Microbiology system). Ha
OCHOBY cepoiolike knacudukanuje oj ctpane Pedeke Jlencdhunn, 1933. ronune [175],
MOCTOjU KOMEPIMjallHH KUT 3a WACHTU(UKANH]y OeTa-XeMOJIMTUYKUX CTPENTOKOKA,
KOjU YKJbydyje EH3MMCKY eKCTpPakKiMjy YIJbCHHX XWJpaTa W ariyTHHAIUjy ca
cnenupuaauM  cepymoMm. [lotBpmHa  maeHTH(duKanmja  OeTa-XeMOIUTHUKHAX
CTpeITOKOKa paljeHa je JaTeKc ariayTHHAIK]oM Ha rmiouni| (Streptex-Slidex® Strepto

Plus-bioM¢érieux, Marcy 1’Etoile, France) [251].
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3.4.1.2 Tecmuparwe anmubduomcke o0cem.ouocmu

Tectupan je camo jegaH u3onaT mo nanujeHty. Ynmhewe KynType uzonara je ypaheHo npe
CBAaKOI' TECTHpama OCETJbUBOCTU OakTepuja Ha aHTUOHOTHKE. TecTHpame OCeT/bMBOCTH Ha
anTrOnoTHKe je paheHo Ha Munep XunTtoH arapy no Kup6u bayep nuck audys3mnonoj meronu
npema CLSI npenopykama [246]. 3a npaBibeme CyCleH3Mje je KOPUITNeHO YETHPH J0 TeT
KOJIOHH]a o7 KyJType ctape 16 mo 24 gaca ca uBpcre noiore u 0,85% NaCl pactBop. OBa
cycnensuja je ynopehuBana ca 0,5 Mex®apnang cranmapaoM, Aa Ou ce J00M0 HMHOKYIYM
npuOiamwkHe MyTHohe, a 3aTUM je MHOKylucaH Ha Munep XuHTOH arapy Aa Ou ce Jo0uo

KOH()JIyEHTHH MOpacT UCIIUTHBaHE OaKTepHje.

YnorpebspaBanu cy cieaehu aHTHOMOTCKH TUCKOBH:

—_

Amvmununus 10 pg

AMOKCHUITWITHH /KIaByaHcka kucenrnaa 20/10 pg

Eputrpomunun 15 pg

Kimmagamunus 2 pg

learamumun 10 pg

I'enramunun 100 pg (Bucoka 103a reHTaMULIMHA 32 TECTUPAHE EHTEPOKOKA)
Awmwuxkanus 30 pg

Hunpodokcanuu 5 pg

¥ ® N n kv

Terpauuknus 30 ug

—_
=]

. Korpumoxkcazon 25 pg

[u—
f—

. Hennmumun I' 10 pg

Ju—
[\®)

. Hedrpuakcon 30 ug

—_
w

. Hedoxcntun 30 pg

,_.
o

. Bankomunun 30 pg

15. Jlunezomun 30 pg.

[Tnoue cy 6mite nakyoupane Ha 37°C, 18 mo 24 cara. 3a ounTaBame pe3yiTara TecTa MEpUIH
CMO TIpEYHUKE 30Ha WHXUOWIHMje. AHTHOMOTCKA aKTUBHOCT OYMTABaHA j€ KA0 MPEYHUK 30HE
uHxuoumje y mm. M3omnatu cy Omimm xracupukoBanu Kao oceTsbuBH (S), pesuctenTan (R) n
unTepMeanjaprao ocetspusu (1), mpema kputepujymuma CLSI [28]. 3a koHTpoy KBaquTeTa
kopuihenu cy KoHTposHu cojeBr S. pneumoniae ATCC 49619 u S. agalactiae ATCC 12403.
KonTtpona kBanutera (enr. Quality control (QC)) 3a epurpomunms (Er) n kimmagamunud (Kli)

JucKoBe Omna je usBpiieHa ca S. aureus ATCC 25923 npema ctanaapAHOj TUCK AUPY3HOHO]
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QC mpouenypu [255]. HomatHo, QC je Omna BpiieHa ca COICTBEHHM JIAOOPATOPH)CKHM
cojeBuMa S. aureus, 0] KOjUX Cy jeJHW WUMaJM MO3WTUBAH a JAPYTH HEratuBaH pe3ynrar D-

Tecra [255]. PesynraTu cy uatepnperupanu nmpema CLSI npenopykama nz 2012, rogure [256].

3.4.1.3 Memuyunun pezucmenuyuja

MetunmimH pe3ucTeHIrja Omia je HASHTH(PUKOBaHA HA OCHOBY OCETJBUBOCTH CTA(UIIOKOKA
Ha nedokcutuH. M30maT je cMaTpaH METHIIWINH PE3UCTEHTHUM YKOJIMKO j€ 30HA HHXHOUIIH]je

uMasa MmpevyHuK oko nedokcutrH aucka (30 pg) mamu uinu jennak 21 mm [257].

3.4.2 YrBphuBamwe ¢penorunosa MLS pe3ucrenumje

@DeHOTUNIOBH PE3UCTEHIIMjE HAa MakKpoJuAe W JUHKo3amuzae cy ytBphenm D-tectom ca
pacrojameM m3mel)y nuckoBa epurpomuimHa (15 pg) m xmugamumuHa (2 pg) ox 12 mm
(uBuma o uBHIE). AHTUOMOTCKA aKTUBHOCT OYUTAaBaHa j€ KAa0 MPEYHUK 30HE MHXUOHIIN]jE Y
mm. W3omatu cy Ownm knacupuxoBaHu Kao oceTibuBH (S), pesuctentHu (R) u

uHTepMerjapHo oceTsbuBH (1), mpema kputepujymuma CLSI [256].

VY nymmu guck audysuonom tecty (D-tect) cmo mHOKymmcamn Muep XuHTOH U Muep
XuHTOH ca 5% OBYMjOM KpBH HOJJIOTE cycrieH3ujoM Oakrepuja ryctune 0,5 Mexk®apnanna.
Eputrpomuninn (15pg/ml) nuck je craBibaH Ha ynajbeHOCTH oJf 12 mm (MBHILIa O] UBHIIE) O
knmuHaaMunnH (2 pg/ml) aumcka. [locne jennonohne wunkyOanuje Ha 37°C, BpiieHO je
OUHUTAaBaE MPEUYHUKA 30HE MHXUOUIIMjEe Y mm, IPUCYCTBO 30HE MHXUOUIIM]e O0INKA BEIUKOT
JaTUHUYHOT cioBa D OKO KIMHOAMMIMH JMCKA, KA0 M MPUCYCTBO KaHaja OCETJHHUBOCTH

nu3Mel)y epUuTpOMUITUH U KIIMHIAMHIIMH ArcKa [246].

Y oBoj cryauju cy kopuinheHu ciefehn KpUTEpUjyMH 3a OuMTaBame (EHOTUIIOBA

pe3UCTEHIIH]E:

e Er/Kli S - uzonar ocetsbuB Ha epUTPOMULIMH (IPEYHUK 30HE MHXHOUIK]jE >23 mm) U
OCETJbHMB Ha KIMHJAaMUIIMH (MPEYHUK 30He HHXUOUIMje >21 mm) (Cauka 4).

e cMLSb - koncrutrytuBHH MLSb Qenotun - u30mar pe3ucTeHTaH Ha €PUTPOMHIINH
(mpeyHMK 30He MHXKUOHUIMje <13 mm) 1 pe3uCTeHTaH Ha KIIMHJIaMUIIMH (PEYHUK 30HE

naxuoummje <14 mm) (Cnuka 5).
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e M/MSD denotun - n3onar nMokasyjy pe3UCTECHIM]y HA €PUTPOMUIMH (IIPEYHUK 30HE
nHXxuOuIMje <13 mm) U 0CEeTJHLUBOCT Ha KIMHIAMUIMH (MPEYHUK 30HE MHXUOWIIH]jE
>21 mm) (Ciuxka 6).

e iMLSb - wnmaynubunaun MLSb ¢denotnnm - w307aT TOKasyje PE3UCTEHIM]Y Ha
EpUTPOMHINH (IIPEYHUK 30HE MHXHOMIHMje <13 mm) U OCETJFUBOCT HA KIMHAAMHLIUH
(npeunuk 30He uHXMOuUNWje >21 mm), 30Ha WUHXUOMIHMje oOnHKa cioBa D oko
KJIMHIAMHIIMHA Ca 3apaBHEHEM IpeMa epUTPOMULIMH AucKy (Ciuka 7).

e LSa/b - u3onar oceTbUB Ha EPUTPOMUIIMH (TIPEYHUK 30HE MHXUOUIMje >23 mm) u
PE3UCTEHTAH Ha KIMHIAMHINH (MPEYHHK 30He nHXHOUIHje <14 mm) (Cnuxka 8).

e Hosu "keyhole" ¢enHotun - m30maT OCET/PMB HAa EPUTPOMHLUH (IIPEYHHK 30HE
uHXHOHUIMje >23 mm) U pe3UCTeHTaH Ha KIMHIAMULMH (IPEYHUK 30HE WHXUOHIINjEe
<14 mm) ca KaHaJIOM OCETJHUBOCTH M3Mel)y JMCKa epUTPOMUIIMHA U KIIHMHIAMUIHA

yKa3yje Ha HOBM Tako3BaHH "keyhole" ¢enotum [246, 258] (Cnuka 9).

Kli

Cauka 4. /Tuck nudysrona merona Ha Munep-XWHTOH arapy 3a uzpagy antuounorpama u D-
TecT (EpUTPOMULIMH U KIMHIAMULUH JUCKOBU OOENIKEHU Cy CTpeHiamMa); A:
EputpoMuiiuH oceTsbuBY U KIMHIAMHUINH oceTibUBH coj S. pyogenes (Er/Kli S); Bb:
EputpomMuiinH oceTsbuBY U KIMHIAMHULIUH oceTibuBH coj S. aureus (Er/Kli S)
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Cauka S. [luck nudysnona merona Ha Muniep- XMHTOH arapy 3a u3paay antuonorpama u D-
TeCT (EpUTPOMULIMH U KIMHIAMULIUH TUCKOBU OOENIEKEHH Cy CTperiamMa); A:
EpuTpoMuIIMH pe3rCTEHTHH M KIIMHAAMHIIMH PE3UCTEHTHU c0j S. agalactiae (cMLSb); b:
EputpoMuIInH pE3UCTEHTHH U KIMHAAMUIIMH PE3UCTEHTHHU COj KOAryia3a HeraTHBHOT
cradpmiokoka (cMLSb)

Kii E'
Cauka 6. /luck mudys3nona metoga Ha Muiep- XMHTOH arapy 3a u3paay antuounorpama u D-
TecT (EpUTPOMHUIIMH U KIMHIAMUIIUH TUCKOBU O0CNICKEHH Cy CTpeIHiaMa); A:
EputpoMuniva pe3sucTeHTHH U KIMHJAMUIIMH OCETIbUBH c0j S. pneumoniae (M/MSb); b:

EpuTpOMHIINH PE3UCTEHTHH M KJIMHAaMHIIMH OCETJ/BHBHU COj KOarysasa HeraTHBHOT
cradpunokoka (M/MSb)
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Cauka 7. [luck mudysnona metona Ha Muiep- XMHTOH arapy 3a u3paay antuonorpama u D-
TeCT (EpUTPOMUIIMH U KIWHAAMUIIMH JUCKOBU 00ETICKEHH Cy CTpennuiama); A:
EputpomMuLinH pe3uCTEeHTHN U KIMHAAMHULIUH OCETJBUBH COj S. pneumoniae, ca 3apaBmHEHEM
30HE MHXUOWIIMjE OKO KIIMHIaMUIIMH AUCKA Ca CTPaHEe OKPEHYTEe IpeMa epUTPOMHUIIMH JIUCKY,
y 00muky cioBa D (iMLSb); B: EputpoMuIind pe3sucTeHTHH U KIMHAaMHUIIMH OCETHHBH COj
S. aureus, ca 3apaBHEHEM 30HE HHXUOUIM]e OKO KJIMHIAMMLIMH JIUCKa ca CTPaHe OKPEHyTe
peMa epUTPOMHUIIMH JAUCKY, Y 001Ky crnoBa D (iMLSb)

Cauka 8. /luck mudysnona merona Ha Muiep- XMHTOH arapy 3a u3paay antuonorpama u D-
TecT (EpUTPOMUIIMH U KIMHIAMUIIUH TUCKOBU O0CNICKEHH Cy CTpEIHiaMa); A:
EpuTpoMuIInH OCeTIbUBY M KIMHIAMHIIMH PE3UCTEHTHH c0j S. agalactiae (LSa/b); b:
EputpoMuIInH OCETIbUBY M KITMHIAMHIIMH PE3UCTEHTHH c0j Enterococcus spp. (LSa/b)
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Cauka 9. Epurpomunus (Er) u kmuanamumms (Kli) xymmm quck mudy3uoHH TecT Ha
uzonary Enterococcus spp.; A: EpUTpoMHILIMH OCETJbUB U KIIMHAAMHUIIMH PE3UCTEHTHH COj
Enterococcus spp. (LSa/b); b: LSa/b dhenorumn koju nuun Ha HOoBU "keyhole" denotnm, ca

KapaKTepUCTUYHUM KaHAJIOM CEH3UTUBHOCTH Ha KJIIMHAAMUILIMH Y IPUCYCTBY €PUTPOMHUIIMHA
(obenexeH je CTpenuIioM)

3.4.3 Wpentnpuxanuja resa MLS pesucrennuje

3.4.3.1 H3zonayuja DNK u PCR npajmepu

bakrepujcka DNK je excrpaxoBana kutoMm PrepMan Ultra sample Preparation Reagent
(Applied Biosystems, Inc.), mpema nmporoxomy npousBohada. [Ipomyhkamu cmo mpe ynotpebde
6ounity PrepMan Ultra sample Preparation Reagent, a 3atum cmo octaBuiam OoduIly Ja ce
caJip’kaj y 1Oj CIIETHE M HECTaHy Mexypuhu u3 me. Y cieneheM Kopaky cMo, 1a O CIpeqnin
KoHTaMuHanujy 6ore ca PrepMan Ultra sample Preparation Reagent, npu cBakoj HOBOj TypH
excrpakije DNA oxaBajanu y crepuiHy enpyBeTy on 50 ml moTpebHy KOMWYHMHY peareHca
CTEpHJIHOM IUIMETOM, pauyHajyhu na je 3a cBaku y3opak nmorpebdHa konmmuuHa ox 100ul. Y
TpeheM Kopaky cMO OOeNeXHIN CBE ENpyBETe Ca MOKJIOIIEM 3a MHUKPOLEHTPU(YTHpame
OpojeM y30pka W OTBOpWIHM TokJonie. 3atuM cMo pacnojenuiau mo 100ul PrepMan Ultra
sample Preparation Reagent y cBaky o3HaueHy empyBeTy cTepwiHOM muneroM. Ilocie tora
CMO IO TyHYy €3y KOJIOHHja ca OCaMHAaecT 4yacoBa cTape KyiaType cycrmeHpoBaiu ca 100ul
PrepMan Ultra sample Preparation Reagent y oarosapajyhe oGenexxene emnpysere. UBpcTo
3aTBOpPEHE eNpyBeTe 3a MHUKPOLEHTpU(YTHpame Cy 3aTHM I10jeJHHAYHO EHEPrHYHO Ha

BopTekcy xomorenusosase of1 10 1o 30 cexyHau, a 3aTUM Cy cMellTeHe Y TepMocTtar Ha 95°C
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o 100 °C, 10 muHytra. 3a TO BpeMe CMO NPUIPEMHIN JPYrH CET enpyBeTa 3a
MUKpOIeHTpUGyTHpamke o/ 2 ml 1 o3HaUmIN MX OpojeBrMa y3opaka. [locine Bahema enpysera
U3 TEPMOCTaTa, OCTaBJbEHE CY Ha COOHO] TEMITEpaTypH 2 MUHYTA, a 3aTHUM Cy LIEHTPU(PYTHpPaHE
y MHKponeHTpudyrn Ha HajBehoj OpsuHum 2 wmuHyTa. 3atuMm je mnpedadeHo mo S0ul
CyIlepHaTaHTa U3 CBaKe LIEHTpU(yrupaHe enpyBeTe y Apyru ceT o3HadeHux enpyserta. [locne
3aBpieTka exctpakiuje DNK, enpysete 3a MukpouenTpudyrupame cy uyBane Ha -20°C cBe

JI0 3aII0YHbAkba TEPMAYKOT [IUKITYCHOT IIPOTOKOJIA, OMHOCHO YMHOXaBamkba DNK.

Ha 330 wuzonara, og ykynHor Opoja MCIMTHBaHHUX cOjeBa |’ pamM-O3UTUBHUX KOKa KOjuMa je
ytBphern MLS denorun pesucreniyje, mynruriekc PCR Metonom naeHTudukoBanu cy reHH
MLS pesucrennje (ermA, ermB, ermC, msrA/B, mefA/E, nuA, InuB, IsaA wn IsaC)
kopuihemeM npajMmepa, unje cy cekBenie (Tabena 1) mperxogHo mybnukoBane [137, 143,

210, 259, 260, 261, 262].
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Ta6ena 1. PCR npajmepu kopumrhenn 3a yMHOXaBambe TeHa pe3ucTeHIuje koa [ pam-
MIO3UTUBHUX KOKA U YCIOBM YMHOXaBama Ko m3Bohema PCR peaknuje

I'en  CexBenua npajmepa (5'-3') Ycaosu PCR peakuuje
BesmmunHa cexBeHIe
Pedepenna

ermA F: TCTAAAAAGCATGTAAAAGAA 95°C 180s;
R: CTTCGATAGTTTATTAATATTAG 40 mukiyca (95°C 30s, 52°C 40s, 72°C 120s);
421bp 72°C 120s.
[259]

ermB F: GAAAAGTACTCAACCAAATA 95°C 180s;
R: AGTAACGGTACTTAAATTGTTTA 40 mukayca (95°C 30s, 52°C 40s, 72°C 120s);
639bp 72°C 120s.
[259]

ermC F: TCAAAACATAATATAGATAAA 95°C 180s;
R: GCTAATATTGTTTAAATCGTCAAT 40 mukiyca (95°C 30s, 52°C 40s, 72°C 120s);
572bp 72°C 120s.
[259]

msrA F: GGCACAATAAGAGTGTTTAAAGG 95°C 180s;
R: AAGTTATATCATGAATAGATTGTCCTGTT 40 mukiyca ( 94°C 60s, 50°C 60s, 72°C 90s);
940bp 72°C 120s.
[260]

msrB F: TATGATATCCATAATAATTATCCAATC 95°C 180s;
R: AAGTTATATCATGAATAGATTGTCCTGTT 40 mukiyca (94°C 60s, 50°C 60s, 72°C 90s);
595bp 72°C 120s.
[260]

mefA F: CTATGACAGCCTCAATGCG 95°C 180s;
R: ACCGATTCTATCAGCAAAG 40 mukiyca (95°C 30s, 50°C 40s, 72°C 120s);
1400bp 72°C 120s.
[261]

mefE. F: AAAACTGCAGGCGTTTAAGATAAGCTGGC 95°C 180s;
R: CCAATGCATCCTGCACCATTTGCTCCTAC 40 mukiyca (95°C 30s, 50°C 40s, 72°C 120s);
1355bp 72°C 120s.
[210]

InuA  F: GGTGGCTGGGGGGTAGATGTATTAACTGG 95°C 180s;
R: GCTTCTTTTGAAATACATGGTATTTTTCGATC 40 mukayca (95°C 30s, 57°C 30s, 72°C 60s);
323bp 72°C 120s.
[262]

InuB F: CCTACCTATTGTTTGTGGAA 95°C 180s;
R: ATAACGTTACTCTCCTATTC 40 umkiyca (95°C 30s, 54°C 45s; 72°C 120s);
925bp 72°C 120s.
[262]

IsaA  F: GGCAATCGCTTGTGTTTTAGCG 95°C 180 's;
R: GTGAATCCCATGATGTTGATACC 40 umkiyca (95°C 30s, 55°C 30s, 72°C 120s);
1200bp 72°C 120s.
[136]

IsaC  F: GGCTATGTAAAACCTGTATTTG 95°C 180 's;

R: ACTGACAATTTTTCTTCCGT
429bp
[142]

40 umkiyca (95°C 30s, 55°C 30s, 72°C 120s);
72°C 120s.
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3.4.3.2 Hoenmuguxayuja zena

Caaka peakiija O6uia je u3BeleHa y KOHA4HOM BoiyMmeHy oA S50 pl m ykipyumBana je 2 pl
reaomcke DNK, 1 pl (50 nmol/ul) cBakor npajmepa (Invitrogen), 25 pL. Maxima® Hot Start
Green PCR Master Mix (Fermentas) u 21 pl DEPC H2O. Ilo3uTiBHE 1 HEraTUBHE KOHTPOJIE
cy Omsie yKJbydeHe y CBaku TecT. YMHOXaBame je BpieHo Ha SaCycler-96 tepmocajkiepy
(Sacace Biotechnologies S.r.l.). YcmoBu moa kojuMa cy ce oJBHjajie peakiuje JaH4aHOT
yYMHOXaBama NpHKa3anu cy y Tabenu 1, ca BpeMeHOM, TeMIlepaTypoM U OpojeM IHKIyca 3a

CBaKH MpajMep KOjH YKIbyUyje ciienehe Kopake:

1. WnunmjanHy neHarypamnujy
2. Jlenatyparnujy

3. BesuBame npajmepa
4. Ekcrensujy
5

DuHaIHY eKCTEH3H]Y.

YMHOKEHU MPOAYKTH Cy AeTeKTOBaHU rei-enekrpodopesom Ha E-Gel iBase (Invitrogen) Ha
2% (w/v) araposnom reny (E-Gel® 2%, Invitrogen) M BHU3yalM30BaHH MPOCBETIhABAHEM
renoBa kopumthemem UltraBright LED tpancumymunatopa (Maestrogen Inc.). PasmuuanTa
TCHU PE3UCTEHIN]e Cy aHATM3UPaHU HAa OCHOBY NPUCYCTBA WJIH OJICYCTBA TPaKa Ha arapo3HOM
reny [152]. Bemmumaa PCR mpomykara je Ouna yrnopehuBana ca cTanmap{HOM MOJICKYJIapHOM

TexnHoM mapkepa (Cnuka 10) [193].
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niHvja 2 [l nuHmrja 3 [l nuHKja 4

Cauka 10. PCR uzonatu S. aureus; nuanja 1 v aunuja 2: yMHOXeHHU npou3Bo (572 bp)
ermC reHa; TuHUja 3: yMHOKEeHH NTPou3Bo/I (421bp) ermA rena; nunuja 4: MoneKynapHa
TEXKHMHA MapKepa

3.5 CrarucTHyKa aHAJIHU3a MOAATAKA

Excnepumenranno noOujeHM MMOJanM M MHUXOBAa CTATUCTHYKA aHaiM3a je MpHKa3zaHa
tabenapHo ¥ rpaduuku, kopuirhemeM nporpama Excel u3 codTeepckor makera Microsoft
Office 2013. 3a yrBphuBame crenupuIHOCTH M CEH3UTUBHOCTH D-Tecta KopumheH je
Diagnostic test evaluation calculator [263]. 3a yTtBphuBame pasznuka y IUCTPHOYLHjU

ydecTanocT kopunrheH je @uiepoB er3akTHA TECT Ha HUBOY 3Ha4ajHocTh o p < 0,05.
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4 PE3VIITATH

4.1 YudecrajIOCT pe3ucTeHIMje HA aHTUOUOTHKEe [ paM-IO3UTHBHUX KOKA

VYuecTanoct pe3ucTeHyje Ha aHTUOMOTHKe ['paM-O3UTHBHUX KOKa IpukasaHa je y Tabenu

2.

Ta6ena 2. YaecTanocT pe3uCTeHIHje Ha aHTHONOTHKE KO/ | paM-TIO3UTHBHHUX KOKa

Cefoksitin Ceftriakson Penicilin Eritromicin Klindamicin Gentamicin Ciprofloksa- Vankomi- Linezolid

n (%) n (%) n (%) n (%) n (%) n (%) cinn (%) cinn(%) n (%)
S. aureus 162 865 558 78 215 119 0 0
(N=944) (17,2) ) (91,6) (59,1) (8,3) (22,8) (12,6) (0,0) (0,0)
MSSA? 0 ) 703 418 32 137 45 0 0
(N=782) 0,0) (89,9) (53,5) 4.1) (17.5) (5.8 (0,0) (0,0)
MRSA® 162 ) 162 140 46 79 70 0 0
(N=162) (100,0) (100,0) (86,4) (28,4) (48,8) (43,2) (0,0) (0,0)
KNS*® 71 637 426 85 141 77 0 0
(N=699) (10,2) (CINY] (60,9) (12,2) (20,2) (11,0) (0,0 (0,0
MSKNS" 0 566 361 74 102 52 0 0
(N=628) 0,0) i (90,1) (57.5) (11,8) (16,2) (8.3) (0,0) (0,0)
MRKNS* 71 ) 71 65 11 37 26 0 0
(N=71) (100,0) (100,0) (91,5) (15,5) (52,1) (36,6) (0,0) (0,0)
Enterococcus . ) 7 198 237 86 54 1 0
spp- (N=245) 2,9 (80.8) (96,7) (35,1) (22,0) 0.4) (0,0)
S. pneumoniae 21 0 6 42 23 27 0 0 0
(N=64) (32,8) (0,0) 9.4) (65.,6) (35,9 (42,2) (0,0) (0,0) (0,0)
S. agalactiae ) 0 0 47 31 109 49 0 )
(N=150) (0,0) (0,0) (31.3) (20,7) (72,7) (32,7) (0,0)
S. pyogenes ) 0 0 116 47 89 57 0 )
(N=264) (0,0) (0,0) (43,9) (17,8) (33,7) (21,6) (0,0)

* MeTULIWINH PE3UCTEHTaH S. aureus

5 MeTHIMIMH CEeH3UTHBAH S. aureus

* Koaryna3a HeraTUBHH CTa(UIOKOK

" MeTunuIuH pe3UCTeHTHU KoaryJja3a HeTaTHBHY CTaHIOKOK
" MeTHIIMIINH CeH3UTHUBHH K0AaryJia3a HeTaTHBHH CTa(hHIOKOK

On ykymHOT O6poja nzomnara S. aureus, 17,2% Onmo je pe3ucTeHTHO Ha IIe()OKCUTHH U TH COjCBH
Cy WICHTU(UKOBAHU Ka0 METUIIWIMH pesucteHTHH S. aureus (MRSA), nox je ox ykymHOT

Opoja koaryna3a HeraTMBHUX u3ousata, 10,2% Ou0 pe3sucTeHTHO Ha LE(POKCUTHH, T€ Cy TH
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COjeBH WICHTU()UKOBAHM Ka0 METHUIMJIMH PE3MCTEHTHE Koaryja3a HeraTUBHE CTa(UIOKOKE
(MRKNS). Pe3ucrentHo Ha niepokcutrH je omno u 32,8% u3oinara S. pneumoniae. Mehytum,

CBHY U30JIaTH CTPCIITOKOKA CYy OMIM OCCTJHMBY HA I_IC(I)TPI/IaKCOH.

Hajsehu npornenaT u3onara pe3suCTeHTHUX HA MEHUIWINH uMmaie cy Bpcre S. aureus (91,6%)
U Koaryiasa HeraTuBHe craduinokoke (91,1%), a mel)y mrMa, pe3ucTeHIuja Ha ISHUIIIINH je

3a0enexena ko ceux MRSA (100,0%) u MRKNS (100,0%) uzonara.

Pe3uctenuuja Ha NeHUIWINH je neTekToBaHa y 9,4% wu3onara S. pneumoniae, a camo 'y 2,9%
uzonara Enterococcus spp. Mehy nzonaruma S. agalactiae n S. pyogenes Huje Ouino cojepa

PE3UCTCHTHUX HAa ICHUIIUJINH.

Kon wm3omara cragunoxoka, MRSA (86,4%) u MRKNS (91,5%) cy nokasanu Hajsehy
PE3UCTEHTHOCT Ha epUTPOMULIMH, oK cy u3oaatu MSSA (53,5%) u MSKNS (57,5%) umanu
3HAYajHO HIXKY PE3UCTEHIIN]Y Ha OBaj aHTHOMOTHK. Bennka pe3ncTeHTHOCT Ha epUTPOMUIIUH

yTBpheHa je u xon uzonara Enterococcus spp. (80,8%), S. pneumoniae (65,6%), S. agalactiae

(31,3%) u S. pyogenes (43,9%).

Nzonatn MRSA (28,4%) 1 MRKNS (15,5%) cy mokasanu Behun cremneH pe3ucTeHIUje Ha
KIuHAaMuLrH of] n3onara MSSA (4,1%) u MSKNS (11,8%). Mnak, najsehu nponeHar cojeBa
PE3UCTEHTHHX Ha OBaj aHTHOMOTHUK, Yak 96,7%, neTekToBaM cMO KOJ u3omnata Enterococcus
spp. Pe3ucrennyjy Ha KIIMHIAMUIIMH CMO JIOOMITH 1 KOJT U30J1aTa CTPENTOKOKA, MaJia He Y TaKo

BHCOKOM TIPOLIeHTY: S. pneumoniae (35,9%), S. agalactiae (20,7%) u S. pyogenes (17,8%).

Meby n3onaruma craduinokoka, HajBehy pe3uCTEHTHOCT Ha FTeHTAMUIIMH CY ITOKa3aJId N30J1aTh
MRSA (48,8%) u MRKNS (52,1%), nok cy uzonatu MSSA (17,5%) u MSKNS (16,2%) 6umnu
3HaTHO oOceT/buBUjU. Mely crpenTokokama, HajBehy pe3UCTEHIM]y Ha TEHTAMHIIMH CYy
nokaszanu u3onatu S. agalactiae (72,7%), a 3aTuMm cy ciieauiy uzonartu S. pneumoniae (42,2%)
u S. pyogenes (33,7%), IOK je pe3uCTEHIMja Ha TEHTAMHULUH 3a0enexxena kox Enterococcus

spp. n3onara 6mna 35,1%.

Pesucrennyja Ha nunpoduiokcanut je 6uno Hajpuma kog MRSA (43,2%) u MRKNS (36,6%)
M30J1aTa, JIOK je 3Ha4ajHO Mama eBUJeHTupaHa koJ n3onata MSSA (5,8%) u MSKNS (8,3%).
Meby crpentokokama HajBehy pe3nCTeHTHOCT Ha HUMPOMIOKCAIIMH Cy TOKA3ajIl U30JaTu S.
agalactiae (32,7%), a 3atuMm S. pyogenes (21,6%). Mehy nzonaruma S. pneumoniae auje 6uno
cojeBa PE3WCTEHTHUX Ha NUIPOQIIOKCANWH, JOK je KOA wu3ojara FEnterococcus spp.

pesucTeHnyja Ha nunpodokcaruH owmia 22,0%.
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Pesucrennuja Ha muHE30M 1 HUje Onia 3a0ereskeHa Hi KOJI jeTHOT u3oiara [ paM-1mo3uTHBHIX

KOKa, JIOK j€ pPe3UCTeHIIMja Ha BAHKOMHIIMH Hal)eHa ko camo 0,6% nzonata Enterococcus spp.

4.2 YdecTaJIOCT pe3UCTeHIIMje HA ePUTPOMUIINH Ko ['paM-no3uTHBHUX
KOKa

Ha I'paduxony 1 mnpukasaHa je OCETJBMBOCT u30jaTa [paM-MO3UTHBHUX KOKa Ha
eputpomutiuH. MRSA u MRKNS wu3omatu cy mnokaszanu Hajehy pesucTeHTHOCT Ha
epUTPOMHUILIMH, a 3aTHUM Cy CIEeIWIN n3onatu Enterococcus spp. u S. pneumoniae. Hajmamy

PE3UCTEHTIN]Y Ha EPUTPOMHIIMH Cy TIOKa3au u3onatu S. agalactiae.
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I'paduxon 1. OceT/bUBOCT HA EPUTPOMUIIIH KOJ ['paM-MO3UTUBHUX KOKa; SA - S. aureus,
MRSA- MeTununus pesuctentat S. aureus, MSSA - METUIIWIIMH CEH3UTUBAH S. aureus,
KNS - xoaryna3a neratuBuu crapunokok, MRKNS - MeTHIIMINH pe3uCTEHTHHU Koaryias3a
HeraTuBHU cTauinokok, MSKNS - MeTHImiImH ceH3UTHUBHU KoaryJja3a HeraTuBHU
craduinokok; Er/S - epurpomunine ceH3uTHBHOCT, Er/R - epurpoMutie pe3ucTeHTHOCT
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4.3 Yuecragoct MLS ¢enorunosa pesucrenunje koa I'paMm-no3suTuBHUX
KOKAa

VY Tabenu 3 npukasana je yuectanoct MLS ¢enoTunona pesuctenuyje koa I paM-mo3uTHBHUX
koka. CymapHo, pesucteniyja Ha MLS antubnotuke je y Hajsehem npoueHTy 3a0enexeHa Ko
usonara Enterococcus Spp. 1 METUIIWIIMH PE3UCTEHTHHUX COjeBa CTAPUIOKOKA, JIOK CY COjEBU

S. agalactiae u S. pyogenes iokazayim Hajehy 0CETIJHUBOCT.

Ta6ena 3. Yuecranoct MLS ¢enorunona pesucrennuje Ko I'paM-nO3UTHBHUX KOKa

S. aureus MRSA® MSSAS KNS® MRKNS' MSKNS* Enterococcus S. pneumo- S. agalactiae S. pyogenes

n%) n(%) n((%) n(%) n(%) n (%) spp. n (%) niae n (%) n (%) n (%)
Ex/Cli S 380 19 361 263 6 257 2 22 94 148
(403) (1L,7) (462) (37,6) (8,5) (40,9) (0.8 (34.4) (62,7) (56,1)
MLSb¢ 72 43 29 75 11 64 192 23 22 47
¢ (7,6) (26,5) (3,7 (10,7) (15,5 (10,2) (78,4) (35,9) (14,7) (17,8)
M/MSb* 141 26 115 148 23 125 2 12 19 50
(149) (16,00 (14,7) (21,2) (324)  (199) (0,8 (18,8) (12,7) (18,9)
MLSb? 345 71 274 203 31 172 4 7 6 19
' (36,5) (43.8) (350) (29,00 (437) (274 (1,6) (10,9) (4,0) (7.2)
LSa/b" 6 3 3 10 0 10 45 0 9 0
? (0,6) (19 (04 (@14 (00 (1,6) (18,4) (0,0 (6,0) 0)
v 944 162 782 699 71 628 245 64 150 264
Kymo (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) (100,0) (100,0)

2 MeTULIWINH PE3UCTEHTaH S. aureus

5 MeTULMIIMH CEH3UTUBaH S. aureus

» Koarynasa HeraTBHH CTa(HIOKOK

" MeTHIMINH PEe3UCTEeHTHHU KOaryjia3a HeTaTHBHH CTaHIOKOK

A MeTHIMIINH CEH3UTUBHH KOAaryJia3a HeTaTHBHHU CTa(HIOKOK

b Cen3suTHBHM Ha EPUTPOMUIIMH U KITMHIAMHINH

¢ KoHCTUTYTHBHA PE3UCTEHIIH]a Ha MaKpOJIHAC-TMHKO3aMHIe-CTpenTorpaMuHe rpyme b
* Pe3auCTeHIMja HA MaKPOJINAE/MaKpOIUIe-CTpenTorpaMune rpyme b

* UaynuOuiiHa pe3ucTeHIja Ha MaKpoJIiie-TMHKO3aMue-CTpenTorpaMute rpymne b

" Pe3ucTeHIIMja Ha JIMHKO3aMHUIe-CTPENTOrpaMyHe Ipyrie A/cTpentorpamune rpyne b

4.3.1 VYdecragoct MLS ¢eHoTunoBa pesucTeHnuje Koa S. aureus

Hajuenthu perorurr MLS pesucteniyje kox uzonara S. aureus je 6no iMLSb (36,6%), 1ok cy
M/MSb (14,9%) u cMLSD (7,6%) Ounu 3acTyIUbeHN Y MambeM MPOLIEHTY, a Y HajMambeM je 010
3actymbeH LSa/b (0,6%) ¢penotun (Tabena 3 u I'padukon 2).
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Mehy MRSA u3onaruma, Ha IPBOM MECTY TI0 ydecTanoctu je 6uo iMLSb ¢enorum, 3atum je

caenno cMLSb, nok je Hajpehu 6o LSa/b penorum (I'paduxon 2).

Kon n3onata MSSA, najuenthu penotun MLS pesucrennyje je 6uo iMLSb, 3atum je cnenno
M/MSb, a najpehe 3actymssen je 6uo LSa/b penorun. Hajsehu 6poj MSSA u3omara 6uo je

OCETJHHB Ha epUTPOMUIINH U KimHAaMuuH (I'padukon 2).

Kana ce ynopene METUIIMIMH PE3UCTEHTHH U METHLIJIMH OCETJbMBU M30JIATH S. aureus, Y3
Mame pasliKe, youaBa ce CIMYHO MoHamame. Hanme, u kom MRSA (43,8%) u xom MSSA
(35,0%) usonara, Hajuemthe nerexkroBaH genotun MLS pesucrenuuje je 6uo iMLSb, mpu
yeMy je nporeHat cMLSb pesucrentHux cojeBa 3nauajHo Behu kox MRSA (26,5%) vero kox
MSSA (3,7%) m3onara (p < 0,001). Yuecramoct M/MSb ¢enoruma kogq MRSA (16,0%) u
MSSA (14,7%) m3onara Ouna je cnuana (p > 0,05). Yyecramoct m3onata OCET/BMBHX Ha
EpPUTPOMULIMH W KIMHIAAMHIIMH je Ouiia cTaTUCTUYKHM 3HayajHO Beha kogq MSSA y oaHocy Ha

MRSA wmzonarte (p < 0,001) (I'paduxon 2).
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I'paduxon 2. Yuecranoct MLS ¢enorunosa pesucrenuuje ko S. aureus; SA - S. aureus,
MRSA - meTunuinuH pe3ucTenTad S. aureus, MSSA - METULIMITUH CEH3UTUBAH S. aureus;
Er/Kli S - ceH3uTUBHH HAa €PUTPOMUIIMH U KIMHAAMUIIH, CMLSb - koHCTHTYTHBHA
pE3UCTEHIIHja Ha MaKpOJIHIe-TMHKO3aMu ie-cTpentorpamMute rpymne b, M/MSD -
pe3ucTeHIja Ha MaKkpoauae/Makpouae-crpentorpamune rpyne b, iMLSb - nnayuubunna
PE3UCTEHIIHja Ha MaKpOJIHIe-TMHKO3aMu Ie-cTpenrTorpamMune rpyne b, LSa/b - pesucrenmmja
Ha JIMHKO3aMUJIe-CTPEeNTOrpaMruHe rpyne A/ctpentorpamune rpyne b
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4.3.2 Yuecrajgoct MLS ¢enorunona pesucrenmnuje kog KNS

[Ipodpun pesucreHnuje Koaryna3za HETaTHBHUX CTa(HIOKOKA je BeOMa CIWYaH MPOoQHITy
pesucrentyje S. aureus. Hajuemhu ¢pernotun MLS pesucTeHIyje ko1 Koarysiasa HeraTHBHUX
cradunokoka 6uo je iMLSb (29,0%), 3atum cy caeaunn M/MSb (21,2%) u ¢cMLSb (10,7%),

1ok je LSa/b penorun 6uo Hajmame 3actyrubeH (1, 4%) (Tabena 3 u I'paduxon 3).

Hajyuecranuju ¢penorun mehy nzonaruma MRKNS 6uo je iMLSb, 3atum je cineqro M/MSb,
JIOK Cy Ha MOCJEIHEM MECTY IO 3aCTYIJBEHOCTH OHMIIN M30JIaTH OCET/FMBH HA €PUTPOMUIIMH H

kuHaaMunuH. M3onatu ca LSa/b henorunom nucy omnu nerexkroBanu (I'papukon 3).

Meby uzonaruma MSKNS, Hajydecranuju penorun MLS pesucrenuuje je 6uo iMLSb, 3atum
je cneqno M/MSb, a Ha mocneameM MecTy 1o ydectanoctu je 6mo LSa/b denorun. Hajsehu

6poj nzomata MSKNS je 6no ocerspuB Ha epuTpoMulind 1 KinHAaMuuH (I'padukon 3).

Huctpuoyuuja MLS denorunosa pesuctennuja kom MRKNS u MSKNS je 6mia nmotmyHo
UCTa, y3 Pa3jIMKy Ja je IpOLEHAT H30J1aTa OCET/bHBUX HA €PUTPOMHUIIMH U KIIMHIAMHUIIH OHO
3Havajuo Behu kogx MSKNS (p < 0,001). Takohe, iMLSb u M/MSb ¢enoTtunosu cy oumu

CTAaTHCTUYKY 3HAYAJHO 3aCTyIbeHuju ko n3onara MRKNS y ogrocy Ha MSKNS (p < 0,05).
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I'paguxon 3. Yuecranoct MLS ¢enorunosa pesucrennuje kox KNS nzomara; KNS -
KoaryJsa3a HeratuBHU ctadpmiokok, MRKNS - MeTUIIMINH pe3rcTeHTHH KoaryJas3a
HeraTuBHU cTadmiiokok, MSKNS - MEeTHIIMIIMH CEeH3UTHBHH KOaryJsia3a HeraTHBHU

cradunokok; Er/Kli S - ceH3uTHBHM Ha epUTPOMUIIMH U KIUHAaMUIUH, cMLSb -

KOHCTUTYTHBHA PE3UCTEHIIMja HA MaKpOJIUe-TMHKO3aMHle-CTpenTorpaMute rpyne b,

M/MSDb - pe3ucTeHIja Ha MaKpoJIne/MaKpoiauae-ctpentorpamMune rpyne b, iMLSD -

WHAYIMOWITHA PE3UCTEHINja Ha MaKpOoIuAe-THHKO3aMuIe-cTpentorpamune rpyme b, LSa/b -
pEe3UCTEHIIHja Ha TMHKO3aMUIe-CTpeNnTorpaMruHe rpyne A/ctpentorpamune rpyne b
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4.3.3 VYuecrajgoct MLS ¢enoTrunoBa pesucreniuje kox Enterococcus spp.

Hacympot cradummokokama, Hajydectanuju MLS ¢enotun pesucrenumje mehy mzomarmma
eHTepokoka 6uo je cMLSD (78,4%), a oqmax 3aTiM 10 y4yectanoctu cienno je LSa/b henorum
(18,4%). M3osatu OCET/HUBU HA EPUTPOMUITMH U KJIMHIAMHIIUH ¥ COJEBH KOJU CY TTOKA3HBAIH

M/MSb u iMLSb denotun 6unu cy 3acTynsbeHu y BeoMa HUCKOM mpotieHTy (I'padukon 4).
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I'paguxon 4. Yuecranoct MLS ¢denorunosa pesuctenuuje ko enrepokoka; EF -
Enterococcus spp.; Er/Kli S - ceH3UTHBHU Ha €pUTPOMHULIMH U KIMHIAMHLIUH, CMLSb -
KOHCTUTYTHBHA PE3UCTEHIIN]ja HA MAaKPOJIHEe-THHKO3aMHIe-CTpENITOrpaMute rpyre b,
M/MSb - pe3ucTennyja Ha MaKpoIuae/Makpoiuae-ctpentorpamune rpyne b, iMLSb -

WHAYUMOWITHA PEe3UCTEHIMja Ha MAaKpOIuAe-TMHKo3aMuae-cTpentorpamune rpymne b, LSa/b -
pe3uCTeHIIMja Ha TMHKO3aMH/Ie-CTpENTorpaMuHe rpymne A/ctpentorpamune rpyne b

4.3.4 VYwuecranoct MLS ¢eHoTunoBa pe3ucTeHlMje KO CTPENTOKOKA

[Ipodun pesucrennnje Ha MLS aHTHOMOTHKE KO pa3MYUTUX BPCTA CTPENTOKOKA j€& CIMYaH
U OJIFDKU je mpodrily Pe3rCTEHIN]je eHTEPOKOKa Hero craduiiokoka. CIMYHO €HTEpOKOKama,
MaJia He y TaKO BUCOKOM TIPOLICHTY, TOMUHAHTH (DEHOTHIT PE3UCTEHITN]E KOJI CTPENITOKOKa OHO
je cMLSb, nok je iMLSb, macynpoT ctadgunokokama, 6uo jefaH ol Hajpehe 3acTyIIbeHUX
(eHOTUIIOBA pe3UCTEHLHje. S. pneumoniae je KapakTepHcala HUCKa 3aCTYIJbEHOCT COjeBa
OCETJbUBHUX Ha EPUTPOMHUIMH U KIMHIAAMMLMH, ca Apyre crpaHe, rotoBo 60% TecTupaHuX
u3onara S. agalactiae n S. pyogenes je OUI0 OCET/HMBO Ha PUTPOMUIIMH U KIMHIAMULIUH.
WHTepecaHTHO je J1a CMO HallId KOJI cojeBa S. agalactiae, nako y HUCKOM TiporieHty, LSa/b

(heHOTHIT pe3UCTEHIIH]C.
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[Iponenar m3omara S. pneumoniae ca cMLSb ¢enorunom (35,9%) je OMO CTaTHCTUYKH
3HAYajHO yYeCTaJuju Yy OJHOCY Ha TpolieHat u3oiara ca iMLSb (10,9%) u M/MSb (18,8%)
tdhenorunom pesuctennuje (p < 0,05). Yuectanoct n3onarta ca 0BUM (HEHOTHUIIOM ce HUje OUTHO
pa3IMKOBAJIA OJ] Y4YECTAJOCTH H30JIaTa KOjU Cy OWIM OCeTJbMBH Ha EPUTPOMHUIIMH U
kauHaamunuH (34,4%) (p > 0,05). LSa/b ¢enotun pesucreHuuje Huje 6M0 NETEKTOBaH KOJ

uzonara S. pneumoniae (Tabena 3 u I'padukon 5).

Hajsehu 6poj uzomnara S. agalactiae je OMO OCETJHMB HA €PUTPOMUIIMH W KJIMHIAMUIIIMH
(62,7%), a Hajyuectasmju MLS denotumn pesuctenimje 6mo je cMLSb (14,7%), 3atum M/MSb
(12,7%), nok je Ha mocneameM MECTY TIo 3acTymbeHoctn 6uo LSa/b (6,0%) penotun (Tadena

3 u I'padukon 5).

Hajsehu 6poj m3omnara S. pyogenes 610 je 0CeT/HIB Ha ePUTPOMUIIMH U KIMHAaMUIIHH (56,1%),
a "Hajuemhu ¢geHoTHn pesucteHImje je omo M/MSb (18,9%), 3atum ¢cMLSb (17,8%), nok je
Hajpehe 3actymsben 6uo iMLSb (7,2%) denorun. Hujenan uzonar S. pyogenes Huje mokazao

LSa/b penotun pesucrenuumje (Tabena 3 u ['paduxon 5).
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I'paguxon 5. Yuecranoct MLS ¢enorunosa pesnucTeHuuje Ko cTpenTokoka; SPn - S.
pneumoniae; SB - S. agalactiae; SPy - S. pyogenes; Er/Kli S - ceH3UTUBHH Ha €pUTPOMUIIIH
U KIUHAAMUIMH, CMLSb - KOHCTUTYTHBHA pE3UCTEHIN]a HA MaKpPOJIH Ie-TMHKO3aMU Ie-
crpenrorpamune rpyne b, M/MSb - pe3ucteniyja Ha MaKpoJIHIe/MaKpOInIe-
ctpenrorpamune rpyne b, iMLSb - nHIynnOuiIHa pe3ucTeHnrja Ha MaKpoInae-
TUHKO3amue-cTpentorpamune rpyne b, LSa/b - pesucreniiuja Ha TMHKO3aMUIE-
cTpenTorpaMuHe rpyne A/crpentorpamuHe rpyme b
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4.4 Tlopeheme yuectanoctu MLS ¢enorunosa pesucrenumje xox I'pam-
NMO3UTHBHHUX KOKA

VYnopennom ananuzom yuectanoctd MLS ¢enorunosa pesucrenumje koa I'paM-mo3uTHBHUX
KOKa, yTBpamiau cMo na cy cMLSb um LSa/b ¢deHotun Haj3acTyIUbeHHjU KOA H30JaTa
Enterococcus spp, a iMLSb ¢enotun mehy uzomatuma MRSA u MRKNS, nok je M/MSb
tdenorun 6mo Hajzactymbenuju kog MRKNS uzonata. Ca mpyre crpaHe, OCeTJEUBOCT Ha
EpPUTPOMUIIMH W KIMHAAMHIIMH je Ouia Haj3acTymbeHuja Melhy nzonaruma S. agalactiae n S.

pyogenes (I'padukoH 6).
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I'paduxon 6. Yuecranoct MLS denorunosa pesucrenuuje koa [ paM-o3UTUBHUX KOKa;
MRSA- meTutuinuH pe3uctenTad S. aureus, MSSA - MEeTHIIWIIMH CEH3UTHUBAH S. aureus,
MRKNS - MeTHIuanH pe3ucTeHTHH Koaryia3a HeraTuBHH craduiokok, MSKNS -
METHUIIMIINH CeH3UTUBHM Koaryiasa HeraTuBHU ctaduiokok, EF - Enterococcus spp., SPn - S.
pneumoniae, SB - S. agalactiae, SPy - S. pyogenes; Er/Kli S - ceH3UTUBHU Ha EPUTPOMUIINH
U KIUHAAMUIMH, CMLSb - KOHCTUTYTHBHA pE3UCTEHIM]a HA MaKPOJIH Ie-TMHKO3aMU Ie-
ctpentorpamune rpyne b, M/MSb - pesuctennuja Ha MakpoIuae/MakpoIue-
ctpenrorpamune rpyne b, iMLSb - nHIynnOuiIHa pe3ucTeHnrja Ha MaKpoInie-
JMHKO3aMuie-cTpentorpamMute rpyme b, LSa/b - pe3ucrennuja Ha THHKO3aMuUIe-
cTpenTorpaMuHe rpyne A/crpentorpamuse rpymne b

4.4.1 Tlopehemwe yuectagoctu Er/Kli S koa I'paM-no3uTUBHUX KOKA

[Topehemem yuecTamocT H30jJaTa OCET/HHMBHX HAa EPUTPOMUIMH M KIMHAAMHUIMH KOJ

pasnuuuTUX BpcTa ['pamM-MO3WTUBHUX KOKa, YTBPIWIM CMO Ja je oHa Owna Hajpeha mehy

54



PE3VJITATU

n3onatuMma S. agalactiae u S. pyogenes ¥ CTATUCTHYKU CE 3HAYAJHO PA3JIMKOBAJIA Y OJHOCY Ha
ocTayie ucnuTHBaHe Bpere OakTepuja (p < 0,01). Ha apyrom mecrty, 1Mo y4ecTaiocTH H3ojaTa
OCETJHMBHX Ha CPUTPOMHUIIMH U KIWHAAMUIIMH, Y TPUOIIKHO jeTHAKOM IMPOICHTY, OWIH CY
uzonatu MSSA, MSKNS u S. pneumoniae (p > 0,05). Hajmamu 0poj n3onarta oceTJbUBUX Ha
OBa JiBa aHTHOMOTHKA OWo je Mely mzonaruma Enterococcus spp., MRSA u MRKNS u
CTAaTHCTUYKW CE€ 3HAYajHO pa3lIMKOBaNa y OJHOCY Ha ocTanie ucnutuBane Bpcte (p < 0,001)

(I'paduxon 7).
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I'paduxon 7. Yuecranoct oceTsbMBOCTH Ha eputpoMuiiH 1 knuaaaMuiiH (Er/Kli S) xon
I'pam-no3utuBaNX KOKa; MRSA - MeTunmnuH pesuctentas S. aureus, MSSA - MmeTuuunuH
censutuBad S. aureus, MRKNS - MeTHLIMINH pe3uCTEHTHH KOaryja3a HeraTUBHU
cradpmnokok, MSKNS - MEeTHIIMIINH CEH3UTUBHH KOaryJsia3a HeraTuBHU cTapuIokok, EF -
Enterococcus spp., SPn - S. pneumoniae, SB - S. agalactiae, SPy - S. pyogenes

4.4.2 Tlopeheme yuectagoctu cMLSb denoruna pesucrenuuje koa I'paM-no3uTHBHHX
KOKa

[Topehemem yuecranoctn cMLS ¢denotuna pesucTeHnmje Koj pa3lIudyuTUX Bpcra [ 'pam-
MO3UTUBHUX KOKAa, YTBPAWIA CMO Jia je OBaj (EHOTUN OHO CTATUCTHYKH 3HAYajHO
Haj3acTyIJbeHHju KOJ u3onata Enterococcus spp. (p < 0,001). Mamy 3acTynbeHOCT CMO
nobunu xkon uzonara S. pneumoniae 1 MRSA (p > 0,05), a Hajmamy kox MSSA u3onara (p <

0,05) (I'pacuxon 8).
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I'paduxon 8. Yuecranoct cMLSb ¢penoruna pesucrenmmje koa [ pamM-mo3sUTUBHUX KOKa;
MRSA - meTununus pe3ucteHTan S. aureus, MSSA - METUITUIINH CEH3UTHBAH S. aureus,
MRKNS - MeTHIUInH pe3ucTeHTHH Koaryia3a HeraTuBHH ctaduiokok, MSKNS -
METHUIMIINH CEH3UTUBHH Koaryia3a HeraTuBHU ctaduiokok, EF - Enterococcus spp., SPn - S.
pneumoniae, SB - S. agalactiae, SPy - S. pyogenes

4.4.3 Iopeheme yuectanoctn M/MSb ¢penornna pesucrenumje koa I'pam-
MO3MTHBHUX KOKa

VYnopenHoMm ananu3zoMm ydectasoctu M/MSb ¢enotuna kox pasznuuutux BpcTa ['pam-
MO3UTUBHHUX KOKA, YTBPJIMIN CMO J1a je 0Baj (eHOTHI HajydecTanuju koxa uzonata MRKNS (p
< 0,05). 3arum 1o 3actymsbeHocTH cieae mzoidatu MSKNS, S. pyogenes, S. pneumoniae,
MRSA, MSSA u S. agalactiae ca npubNIMKHO jeHAKOM ydecTanomihy v 0e3 CTaTUCTHYKH
3Havajue paszmuke (p > 0,05). OBaj denorun je OMO HajMame 3aCTYIUBCH KOJ H30JiaTa

Enterococcus spp. (p < 0,001) (I'pacduxon 9).
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I'paduxon 9. Yuecranoct M/MSb ¢enorumna pesuctenuuje ko [ paM-mo3uTHBHUX KOKa;

MRSA - MeTuIMIIMH pe3ucTeHTan S. aureus, MSSA - MeTUIIUIINH CEH3UTHUBAH S. aureus,

MRKNS - meTHnuianH pe3ucTeHTHH Koaryia3a HeraTuBHH ctaduiokok, MSKNS -
METHUIIMIINH CEH3UTUBHY Koaryia3a HeraTuBHU ctaduiokok, EF - Enterococcus spp., SPn - S.
pneumoniae, SB - S. agalactiae, SPy - S. pyogenes

4.4.4 Tlopeheme yuecranoctu iMLSb ¢penornna pesucrennuje koa I'paM-no3uTuBHuX

KOKa

[Topehemem yuectranoctu iMLSb deHoTHIIA KO pa3NMYUTHX BpCTa |'paM-MO3UTUBHUX KOKa,

YTBPAMIIM CMO J1a je oBaj (henotun O6uo Haj3acTymbeHuju koa u3onara MRSA u MRKNS, ca

CTAaTHCTUYKW 3HAYajHOM Pa3IMKOM y OJHOCY Ha cBe octaine Bpcre (p < 0,05). 3atum cy mno

3actymbeHocTH caemmmn nuzonatt MSSA u MSKNS (p < 0,05), a y 3Ha4ajHO HIDKEM H

Mel)ycoOHO NpHOMIKHO jeIHaKoM IIPOIEHTY KOJA Hu3ojara crpenTokoka. Koma wusonara

EHTEepOKOKa je 0o HajMame 3acTymbeH (p < 0,05) (I'paduxon 10).
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I'paduxon 10. Yuectranoct iMLSb denotuna pesucrennrje koa [ paM-mo3UTUBHUX KOKA;
MRSA - MeTUIIUINH pe3ucTeHTaH S. aureus, MSSA - METULIUIIUH CEH3UTUBAH S. aureus,
MRKNS - mMeTHIuianH pe3ucTeHTHH Koaryia3a HeraTuBHH crtaduiokok, MSKNS -
METHUIIWIINH CEH3UTUBHM KoaryJia3a HeraTuBHU ctaduiokok, EF - Enterococcus spp., SPn - S.
pneumoniae, SB - S. agalactiae, SPy - S. pyogenes

4.4.5 Topeheme yuecranocTu LSa/b penoruna pesucrenunje kox I'paM-no3suTuBHUX
KOKa

[Topehemwmem yuecranoctu LSa/b ¢penoruna xon pazmumuutux BpcTa I'pamM-mo3UTUBHUX KOKa,
YTBPJIUIIM CMO JIa jé OH Haj3aCTYIUbCHUjH KOJ u3ojara Enterococcus spp., ca CTaTUCTUUKU
3HAa4ajHOM DPA3IUKOM Yy OAHOCy Ha cBe octane Bpcre (p < 0,05). Ha mpyrom mecry mo
3aCTYIUBEHOCTH je Omo Koj u3omnara S. agalactiae, 10K je y HICKOM HPOLIEHTY OMO OTKpUBEH
ko MRSA, MSKNS u MSSA m3onarta (p < 0,05). Kox nuzonara MRKNS, S. pneumoniae u S.

pyvogenes, LSa/b penotun Huje 6uo nnentudukonan (I'paduxon 11).
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I'paduxon 11. Yuecranoct LSa/b penoruna pesucrenumje ko ['paM-mo3uTUBHUX KOKa;
MRSA - MeTuIWIMH pe3ucTeHTan S. aureus, MSSA - MeTUIIUIIMH CEH3UTUBAH S. aureus,
MRKNS - meTHIUInH pe3ucTeHTHH Koaryia3a HeraTuBHH crtaduiokok, MSKNS -
METHUIIMIINH CEH3UTUBHM Koaryiasa HeraTuBHU ctaduiokok, EF - Enterococcus spp., SPn - S.
pneumoniae, SB - S. agalactiae, SPy - S. pyogenes

4.5 VYwuecramoct MLS ¢eHoTunoBa pesucreHumje mo BpCTH MaTepHjaia

iIMLSb ¢enotun pesuctenuyje je 6Mo JOMHUHAHTAH Y U30J1aTUMa | 'paM-TIO3UTUBHUX KOKa U3
Opucea rpia u Hoca (32,8%) u muokyntypa (24,2%), nokx je cMLSb mpeoBrnagaBao mehy

n3ojaTuMa u3 reHuTaHnx cexkpera (33,3%) u ypuna (60,0%) (Tabena 4).

Ta6ena 4. Yuecranoct MLS ¢enorumnosa mo Bpctu Marepujana kox I’ paM-o3UTUBHIX KOKa

Bpcra matepujana n (%)

bpucesu rpya u Hoca IInokyarype I'eHMTAJHU CeKpeTH Ypun

Er/Kli S 371 (42,7) 363 (42,0) 172 (27.6) 3(30,0)
¢MLSb® 89 (10.3) 128 (14,8) 208 (33,3) 6 (60,0)
M/MSb* 120 (13,8) 136 (15,7) 116 (18,6) 0 (0,0)
iMLSb" 285 (32,8) 209 (24,2) 90 (14,4) 0 (0,0)
LSa/b" 3 (0,4) 28 (3,3) 38 (6,1) 1 (10,0)
YKynHo 868 (100,0) 864 (100,0) 624 (100,0) 10 (100,0)

2 CeH3UTHBHY HA €PUTPOMHUIMH M KITMHIAMHUIIH
5 KOHCTUTYTHBHA PE3UCTEHIIM]a HA MAKPOIIM Ie-THHKO3aMHIe-CTPENTOrpaMUHE TpyTie b
* PesucTeHnMja Ha MaKpOJIHe/MaKpOInaAe-CTpenTorpaMuHe rpymne b

" UapynnbuinHa pe3ucTeHnrja Ha MaKpoIiae-INHKO3aMuIe-CTpenTorpaMune rpyme b

A Pe3ucTeHIMja Ha JTMHKO3aMUIe-CTPETITOrpaMuHe Tpyne A/cTpenTtorpamute rpyme b
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[opehemem yuecranoctn MLS ¢denorunosa pesucrenmuje mo BpcTa Marepujaia koa [ pam-
MO3UTUBHUX KOKa YTBPIMJIM CMO Ja je HajBehm mpoleHar u30i1aTta CCH3UTHBHUX Ha
EpPUTPOMHIIMH M KIMHAAMUIMH Ono mel)y m3onmaThMa OpuceBa rpiia ¥ HOCa M MHOKYJITYpa.
cMLSDb u LSa/b denotun cy Ounm Hajuenthu koj uzonara uz ypuHokynrypa, M/MSb je 6uo
Hajuemhy KOJ M30J1aTa U3 TeHUTATHUX ceKpeTta, oK je iIMLSb denotun 6uo Hajydectanuju

KO u3ojara u3 Opucesa rpia u Hoca (Tabena 4 u I'padukon 12).
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I'padukon 12. Yuectanoct MLS ¢deHotunona mo Bpctu Mmarepujania ko [ paM-no3uTuBHUX
koka; Er/Kli S - ceH3uTHBHU Ha €pUTPOMUIIVH U KIUHAaMUIIMH, cMLSb - koHCTHTYyTHBHA
pE3UCTEHIIMja Ha MAaKpOJIKJIe-TMHKO3aMuie-cTpentorpamute rpyne b, M/MSb -
pe3ucTeHIja Ha MaKpoauae/Makpouae-crpentorpamute rpymne b, iMLSb - unaynuonnna
PE3UCTEHIIMja Ha MAaKpOJIHIe-TMHKO3aMuie-cTpentorpamMune rpyne b, LSa/b - peaucrenmmja
Ha JTMHKO3aMUJIe-CTpeNnTorpaMuHe rpyne A/ctpentorpamune rpyne b

4.5.1 VYwuecramoct MLS ¢deHoTUIIOBA pe3uCTeHLMje 0 BPCTH MaTepujaia Koa S.
aureus

[lopehemwem yuecranoctu MLS ¢denorunosa mo Bpctu marepujana xoq MRSA wn3onara,
YTBpAMJIM CMO Ja je HajBehm mnpomeHaT w301aTa CEH3UTUBHUX HA EPUTPOMHILIUH H
KJIMHJAMHIIMH OWO TPUCYTaH KOJa u3onara u3 nuvokyirypa (p > 0,05). [Tokasano ce na je
c¢cMLSDb ¢enorun takohe Hajuenrhu kox u3onara u3 nuokyatypa (p < 0,01). M/MSb u LSa/b
(heHoTHII Cy OMIIM HajydecTauju Ko n3onara MRSA u3 reautainux cexpera (p < 0,05 u p >
0,05 pecniekTrBHO), 10K je iIMLSDb Ono Haj3acTymibeHHjH Y H30JaTHMa U3 OprceBa rpia U Hoca

(p <0,05) (Tabena 5 u I'padukon 13).
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[Nopehemem yuecranoctu MLS ¢enorunoBa mo Bpcti MaTtepujana ko MSSA wm3omara,
YTBpAMIM CMO Ja je HajBehm mnporeHaT w301aTa CEH3UTUBHUX HA CPUTPOMHIUH H
KJIIMHJIAMUTIMH 0o mpucyTaH Mehy m3onatuma u3 mokyatypa (p < 0,05). cMLSb u M/MSb
(enotun cy 6unu Hajuemhu mel)y nzonaruma u3 reHuTanHux cekpera (p > 0,05 u p < 0,05
pECTeKTHBHO), 10K je iIMLSb denorun 6mo HajydecTanuju Koja u3ojara U3 OpriceBa rpia u
Hoca (p < 0,05), a LSa/b ¢penotun kon MSSA n3onata u3 nuokynrypa (p > 0,05) (Tabena 5 u
I'paduxon 13).

Ta6esa 5. Ydecranoct eHOTHUIIOBA PE3UCTEHIIN]jE TIO BPCTH MaTepHjana kog MRSA u
MSSA un3onara

MRSA®? MSSAS
Bpcra matepujaia n (%) Bpcra matepujaia n (%)
Bpucesu rpaa IMuokyatype I'enutannu Bpucesu rpjaa IMuokyatype I'enutannu
U HOCa ceKpeTH U HOCa ceKpeTH
Er/Kli S® 5(12,2) 11 (14,3) 3(6,8) 115 (38,6) 201 (58,1) 45 (32,6)
c¢cMLSb" 1(2,4) 30 (39,0) 12 (27,3) 82,7 13 (3,8) 8 (5,8)
M/MSb* 2 (4,9) 10 (13,0) 14 (31,8) 26 (8,7) 41 (11,8) 48 (34,8)
iMLSbY 33 (80,5) 25(32,5) 13 (29,5) 149 (50,0) 88 (25,4) 37 (26,8)
LSa/b¢ 0(0,0) 1(1,3) 2 (4,5) 0(0,0) 3(0,9) 0(0,0)
YkynHo 41 (100,0) 77 (100,0) 44 (100,0) 298 (100,0) 346 (100,0) 138 (100,0)

* MeTULWINH CEeH3UTHUBAH S. aureus

5 MeTHUMIMH PE3UCTEHTHH KOAryia3a HEraTUBHU CTahHIOKOK

* CeH3UTUBHU Ha €PUTPOMULIUH U KIUHIAMULIUH

" KOHCTHTYTHBHA PE3NCTEHIIH]ja Ha MAKPOIH Ie-THHKO3aMuie-CTpenTorpamMune rpyme b
7 Pe3ucTeHIMja HA MAaKpOIUAe/MaKpoIle-CTpeTorpaMune rpyme b

b Vinrymubunna pe3ucTeHImja Ha MaKpOJIHIe-TMHKO3aMHUIE-CTPENTOrPAaMUHe rpyre b
¢ Pe3ucTeHnuja Ha JINHKO3aMUJIe-CTPENTOrpaMUHE Ipylie A/cTpentorpaMmuse rpymne b

[Topehem yuecranoctu MLS ¢enoTunosa pesucTeHImje mpeMa BpCTu MaTepHjaiia Ko u30jaTa
MRSA u MSSA, yrmBpammu cMo Aa je Hajeha ydecranocT wu3ojara OCETJBMBHX Ha
EPUTPOMUIIMH U KIUHAaMUIMH Omta ko n3onara MRSA u MSSA u3 nuokyntypa (p < 0,05),
M/MSb ¢enotumna pezucteHnuje u3 reautaaHux cekpera (p > 0,05) u iMLSb denoruna oz
u3onara u3 Opucesa rpmia v Hoca (p < 0,05). cMLSb denotumn je 6uo Hajydectanuju koq MRSA
u3oyata u3 MHOKYNTypa a koJ MSSA wm3onara u3 renutanaux cekpera (p < 0,05). LSa/b
¢denorun je 6mo Hajuenthu kogq MRSA n3omara u3 reHUTaTHUX CeKpeTa, a kog MSSA u3onara

u3 okyntypa (p > 0,05) (Tabena 5 u I'paduxon 13).

61



PE3VJITATU

MRSA MSSA

90% -

80% -

70% -
% 60% - mEr/Ki S
& 50% - cMLSb
s}
m
s 40% - B M/MSb
g 30% - miMLSh

20% -~ m LSa/b

10% -

0% -

BpMceBU rpNa  MUOKYATYPe  TEHUTanHW  OpWCEBM IPNa  MUWOKYATYpe  reHUTaNHW
W HoCa ceKpeTn W Hoca ceKpeTn

I'paguxon 13. Yuecranoctr MLS ¢deHoTHIIOBa pe3UCTEHIH]je IO BPCTU MaTepujaia Ko
MRSA 1 MSSA u3onara; Er/Kli S - ceH3uTHBHY Ha epUTPOMHULINH U KIMHAAMUIH, CMLSb
- KOHCTUTYTUBHA PE3UCTEHIINja Ha MaKPOJIH Ie-THHKO3aMHUIe-CTPENTOrpaMuHe rpyte b,
M/MSD - pe3ucTeHIMja Ha MaKpoJIH e/ MaKpoauae-cTpenTorpamune rpyne b, iMLSD -
WHAYUMOWITHA PEe3UCTEHIMja Ha MaKpoIuAe-TUHKo3aMuae-cTpentorpamune rpyne b, LSa/b -
PE3UCTEHIIHja Ha IMHKO3aMUIe-CTPENTOrpaMuHe rpyne A/ctpentorpamune rpyne b

Kana ce ynopene METUIIMIIMH PE3UCTEHTHH W METHLWIIMH OCETJBHBH W30NIATH S. aureus, y3
Mame pasiiuKe, youaBa ce ciauuHa TeHjaeHnuja. Haume, n xom MRSA u xon MSSA wuzonara
Hajuenthe nerexkroBaH perotunt MLS pesuctenmuje mel)y nzonaruma u3 Oprcesa rpia u Hoca
je 6uo iMLSDb, a Mely nzonaruma u3 reHutranHux cekpera M/MSb ¢enotun. uctpubynuja
MLS ¢enorunosa kon MSSA u MRSA wu3onara u3 nuokyatypa ce paznukonana, u iMLSD je
6o nomuHanTaH koa MSSA uzonara, a cMLSb ¢enorun koq MRSA wuzonara (Tabena 5 u

I'paduxon 13).

4.5.2 VYuecranoct MLS ¢deHoTUNOBA pe3ucTeHUMje O BpcTH MaTepujaia koa KNS
H30J1aTa

[Topehewem yuecranoctu MLS ¢enorunosa mo Bpctu Matepujaia konx MRKNS uzonara
YTBpAMJIM CMO Ja je HajBehm mnpomeHaT wu301aTa CEH3WUTUBHUX HA CPUTPOMHIUH H
KJIIMHJIaMUIIMH 0no Mehy m3omaruma u3 OpuceBa rpia u Hoca (p > 0,05), cMLSb u M/MSb
(denorun mehy nzonaruMa u3 reHuTaHUX cekpeta (p > 0,05) u iMLSb mely uzonatuma u3
nuokyatypa (p > 0,05). LSa/b denotun nuje naentuduxoan koq MRKNS nzonara (Tabena
6 u I'padukon 14).
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[Topehemem yuectamoctn MLS ¢enorumnoBa nmo Bpctu marepujaina kog MSKNS u3omara
YTBpAMIM CMO Ja je HajBehm mnporeHaT w301aTa CEH3UTUBHUX HA CPUTPOMHIUH H
KJIIMHJaMUIIMH O0no Mmehy m3onmatuma w3 Opucesa rpia u Hoca (p > 0,05), a ga cy cMLSDb,
M/MSb u LSa/b penorun 6mnu Hajuenthu mel)y nzonaruma u3 reHuTaTHuX cexpera (p > 0,05),

a iIMLSb melhy uzonatuma u3 6pucesa rpia u Hoca (p > 0,05) (Tabena 6 u I'padukon 14).

Ta6esa 6. Yaecranoct (peHOTUIIOBA PE3UCTEHIIM]jE TT0 BpcTH MatepHjasia kog MRKNS u
MSKNS u3osnara

MRKNS?* MSKNS?
Bpcra maTepujaia n (%) Bpcra matepujana n (%)
Bpucesu rpaa IMuokyrrype I'enuranuu Bpucesu rpaa IMuokyrrype I'enuranuu
U Hoca ceKpeTH U Hoca ceKpeTH
Er/Kli S® 2(13,3) 3(8,3) 1(5,0) 96 (43,2) 126 (41,3) 35(34,7)
c¢MLSb" 2(13,3) 5(13,9) 4 (20,0) 15 (6,8) 36 (11,8) 13 (12,9)
M/MSb* 5(33,3) 10 (27,8) 8 (40,0) 33 (14,9) 66 (21,6) 26 (25,7)
iMLSbY 6 (40,0) 18 (50,0) 7 (35,0) 75 (33,8) 73 (23.9) 24 (23,8)
LSa/b® 0(0,0) 0(0,0) 0(0,0) 3(1,4) 4(1,3) 33,0
YkynHo 15 (100,0) 36 (100,0) 20 (100,0) 222 (100,0) 305 (100,0) 101 (100,0)

2 MeTUIIWIMH PE3UCTEHTHH KOoaryias3a HeTaTUBHU CTa(hHUIOKOK

5 MeTHIWINH CEH3UTHBHHU KOAryJia3a HETaTHBHH CTaQHIOKOK

® CeH3UTHBHHU Ha €PUTPOMULIMH U KIIMHIAMHULIIH

" KoHCTHTYTHBHA Pe3UCTEHIINja Ha MAaKPOIUAe-THHKO3aMIAe-CTPeNTorpaMuHe rpyne b
A Pe3uCTeHIMja HAa MaKpOJIUIe/MaKpoJIHe-CTpenTorpaMute rpyme b

Y Mnaynmbunna pe3sucTeHIMja Ha MaKpoJIn/ ie-TMHKO3aMUIE-CTPENTOrPaMUHEE rpyrie b

¢ PezucreHnyja Ha JIMHKO3aMHIe-CTPENTOrpaMuHe rpyrne A/crpentorpamute rpyne b

[Topehewem yuectamoctu MLS ¢denotunoBa pesucreHuuje mpemMa BpCTH MaTepHjajia Ko
m3onatra MRKNS u MSKNS, yrBpammm cMo fa je Hajeha ydecTanocT u301aTa OCeT/bUBUX Ha
€pUTPOMULIMH U KIMHIaMHULIKH Omia ko n3onara MRKNS n MSKNS u3 6puceBa rpia u Hoca
(p < 0,05), a M/MSb, cMLSb u LSa/b ¢enotuna pe3rcTeHImje U3 TEHUTATHUX cexpeTa (p >
0,05). iMLSb denotun je 6mo Hajydectanuju kox MSKNS m3oiara u3 OpuceBa rpia 1 HOcCa,

a xog MRKNS wu3onara n3 muokyntypa (p < 0,05) (Tadena 6 u 'paduxon 14).
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I'paduxon 14. Yuectanoct MLS deHOTHTIOBA pe3nCTEHIM]e TPpeMa BPCTH MaTepHjaia Koj
MRKNS u MSKNS u3zonara; Er/Kli S - ceH3UTHBHY HA €pUTPOMHUIIMH U KIWHIAMHUIIUH,
cMLSDb - KOHCTUTYTHBHA PE3UCTEHIIM]a Ha MaKpOJIUIe-INHKO3aMH/Ie-CTPENTOrPaMHUHE TPYTIe
b, M/MSDb - pe3ucteniyja Ha Makpoauae/Makponuae-crpentorpamune rpyne b, iMLSb -
VMHIyIHOMITHA PE3UCTEHIINja Ha MAaKpOIHIe-TMHKO3aMuie-cTpentorpamMune rpyme b, LSa/b -
pE3UCTEHIIH]ja Ha TMHKO3aMUIe-CTPENTOrpaMruHe rpyne A/ctpentorpamune rpyne b

Kana ce ynopenu yuecranoct MLS ¢enorunosa pe3ucreHnyje npeMa BpcTd MaTepujaia Kog
METULWINH PE3UCTEHTHUX W METHULWINH OCETJbMBHUX H30J1aTa Koaryja3a HEraTHBHUX
craduokoka, youasa ce cnuuHa TeHaeHnrja. Hamme, n kom MRKNS 1 xom MSKNS un3omnara,
Hajuemthu je 6uo iIMLSb denorun pesucrennuje mel)y n3onaruma u3 OpriceBa rpia u HOca U
nuoKyaTypa, a M/MSb ¢enorun mely m3onatuma n3 reuntanHux cekpera (TaGema 6 u

I'pacdukon 14).

4.5.3 VYwuecranoct MLS ¢denHoTunoBa pe3ucreHunje no BPCTH MaTepUjaia Koa M30J1aTa
Enterococcus spp. u S. agalactiae

[Topehemwem yuecranoctu MLS deHnoTrnoBa pe3ucTeHImje mo BpCTu MaTepujaiia Koj u3ojiata
Enterococcus spp. yTBpOWIM CMO Ja je HajBehM MpOIEHAT H30JlaTa CEH3UTHUBHHX Ha
EpUTPOMHULIMH U KIMHAAMHUIIMH, Kao U u3onara ca M/MSb, iMLSb u LSa/b ¢penorunom 6uo
mely uzonatuma u3 nmuokynrypa (p > 0,05). cMLSb denotun 6uo Hajuenthu mely u3onaruma

u3 OpuceBa rpia u Hoca (p > 0,05) (Tabena 7 u I'padukon 15).

[Topehemem yuecranoctu MLS denotunosa mo Bpctu mMaTepujana ko usonara S. agalactiae

YTBpAMIM CMO Ja je HajBehm mnpoueHaT wH301aTa CEH3UTUBHUX HA EPUTPOMULIUH H
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KIMHIaMAOUH 0no mely m3onatuma u3 Opucesa rpia u Hoca (p > 0,05), cMLSb ¢denorumna
Melyy u3onatuma u3 ypuHokyatypa (p > 0,05), a M/MSb u iMLSb ¢penotuna mely nsonaruma
u3 reHutanHux cekpera (p > 0,05). LSa/b denotun je 6mo najuemhu mely uzonatuma u3

nuokyntypa (p > 0,05) (Tabena 7 u I'paduxon 15).

Ta6ena 7. Yuectanoct peHOTUIIOBA PE3UCTEHIIM]E TI0 BPCTH MaTepHjalia KOJI H30J1aTa
Enterococcus spp. u S. agalactiae

Enterococcus spp. S. agalactiae
Bpcra marepujana n (%) Bpcra matepujana n (%)
Ypun Bpnl::;:carpna IInoxyarype Fz:::;:::“ Ypun Bpn;e:(:«lc;pﬂa Inoxyarype Fec:::;:::“
Er/KliS* 0(0,0) 0(0,0) 1(1,9) 1(0,5) 3(75,0) 2 (100,0) 7 (63,6) 82 (61,7)
cMLSbh®  5(83,3) 3(100,0) 33 (61,1) 151 (83,0) 1(25,0) 0(0,0) 19,1) 20 (15,0)
M/MSb®  0(0,0) 0(0,0) 1(1,9) 1(0,5) 0(0,0) 0(0,0) 19,1) 18 (13,5)
iMLSb" 0(0,0) 0(0,0) 1(1,9) 3 (1,6) 0(0,0) 0(0,0) 0(0,0) 6(4,5)
LSa/b* 1(16,7) 0(0,0) 18 (33,3) 26 (14,3) 0(0,0) 0(0,0) 2 (18,2) 7(5,3)

Ykynno 6(100,0) 3(100,0)  54(100,0) 182(100,0) 4(100,0) 2 (100,0) 11(100,0) 133 (100,0)

* CeH3UTHUBHY Ha €PUTPOMHUIIMH U KIMHJAMUIIH

5 KoHCTUTYTHBHA PE3UCTEHIM]a HA MAKPOIIH/Ie-TTMHKO3aMHIe-CTPENTOrpaMuHe Tpytie b
* PesucTeHnMja Ha MaKkpoJIHe/MaKpOInAe-CTpenTorpaMute rpymne b

" amynuOuiHa pe3ucTeHIrja Ha MaKpoIie-IMHKO3aMuIe-CTpenTorpaMune rpyme b

A Pe3ucTeHIMja Ha JTMHKO3aMUIe-CTPETITOrpaMuHe Tpyne A/cTpenTorpamute rpyme b

[Topehewem yuecranoctu MLS ¢denoTumoBa pesucTeHnuje Mo BpCTH Marepujana usmely
usonara Enterococcus spp. u S. agalactiae yTBpauiv cMo 1a je HajBeha ydyecranoct uzonara
EHTEPOKOKa OCETJbMBHX Ha EPUTPOMHUIMH W KIMHIAMHIWH Owia wmely wu3omatuMa u3
NHOKYJITypa, u3onara S. agalactiae u3 6pucesa rpia u Hoca (p < 0,05), n3omara eHTEPOKOKa
ca cMLSb ¢enorunom mehy nzonatuma n3 OpuceBa rpja U HOca, a m3oiara S. agalactiae n3
ypunokyiatypa (p < 0,05). Hajseha yuecranoct mzonara earepokoka ca M/MSb u iMLSb
(heroTumnom Omia je Mel)y u3omaTuMa U3 MUOKYJTYpa, a u3onara S. agalactiae U3 TEHUTAITHUX
cekpeta (p > 0,05). Hajyuecranuju usonaru entepokoka u S. agalactiae ca LSa/b pernotunom

pesucTteHnmje cy ounm Mely nzonatuma u3 nuokyinrypa (Tabena 7 u I'padukon 15).
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I'paduxon 15. Yuectanoct MLS deHOTHTIOBA pe3ncTeHIH]je TpeMa BPCTH MaTepHjaia Ko
uzonara Enterococcus spp. (EF) u S. agalactiae (SB); Er/Kli S - cenzutuBHu Ha
€pUTPOMULIMH U KIMHAAMHULKH, CMLSb - KOHCTUTYTHBHA PE3UCTEHIIM]ja Ha MaKpOJIUIe-
JUHKO3aMujie-cTpentorpamute rpyne b, M/MSDb - pesucteniyja Ha MakpoJuIe/MaKpoInae-
ctpenrorpamune rpyne b, iMLSb - nHIynnOuiIHa pe3ucTeHnrja Ha MaKpoInae-
JMHKO3aMuie-cTpentorpamMute rpyne b, LSa/b - pe3ucrennyja Ha THHKO3aMuIe-
cTpenTorpaMuHe rpyne A/crpentorpamuse rpyne b

[lopehemwem auctpubynmje yuecranoctu MLS ¢enorunoBa pesucTeHuuje mnpema BpCTH
MaTepHjaja, 3alaXeHe Cy BelHMKe pasiuke m3Mmel)y m3omara eHrtepokoka u S. agalactiae.
JenuHa CIMYHOCT y y4ecTajoCTH Kof u3oiara Enterococcus spp. u S. agalactiae 6una je xox
LSa/b dhenoTuna pesucrennuje, Koju je Ono Hajydectaauju Mehy u3omatnma ode OakTepuje u3

nuokyntypa (Tabena 7 u I'paduxon 15).

4.5.4 VYdecragoct MLS ¢eHOoTHIIOBA pe3UCTEHIHje MO0 BPCTH MaTepHjajia Ko U30J1aTa
S. pneumoniae n S. pyogenes

[Topehemwem yuecranoctu MLS denoTunosa mo BpcTu MaTepujaia Koja u3odnata S. pneumoniae
YTBpAMIM CMO Ja je HajBehum npoueHaT H30j1aTa CEH3UTUBHUX HA EPUTPOMULUH U
KJIMHIAMHULUH ¥ u3onata ca M/MSb ¢penorunom 6uo mMely nzonatumMa u3 reHUTATHUX CEKpeTa
(p > 0,05), cMLSDb u3 6pucesa rpna u Hoca (p > 0,05) u iMLSb ¢enorun u3 nuokynrypa (p >
0,05) (Tabena 8 u I'padukon 16).

[Topehemem yuecranoctu MLS ¢enorunosa no Bpctu mMarepujana Koj usonata S. pyogenes

YTBPIMIM CMO Ja je Hajsehu mporeHar wu3ojaTa CEH3UTHBHUX HAa EPUTPOMUIIMH U
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KIMHIAMHALIUH 0o mel)y n3onmaTuMa u3 reHutanaux cekpera (p > 0,05), a cMLSb, M/MSb u
iMLSb u3 mumokyntypa (p > 0,05). LSa/b denorun Huje maeHTHU()HUKOBAH KOJ OBE BpCTE

Oakrtepuja, kao HU ko1 S. pneumoniae (Tabena 8 u I'paduxon 16).

Ta6ena 8. Yuecranoct (eHOTHIIOBA PE3UCTEHIIM]E IO BPCTH MaTepHjana Koj m3ojara S.
pneumoniae u S. pyogenes

S. pneumoniae S. pyogenes
Bpcra maTtepujana n (%) Bpcra matepujana n (%)
Bpucesn rpaa Iuokyatype I'enutanun  Bpucesu rpaa Iuokyatype I'enurannn

H HOCA CeKpeTH M HOCA CeKpeTH
Er/Kli §* 15 (28,8) 4 (50,0) 3(75,0) 136 (57,9) 10 (37,0) 2 (100,0)
c¢MLSb? 21 (40,4) 2(25,0) 0(0,0) 39 (16,6) 8(29,6) 0(0,0)
M/MSb*® 10 (19,2) 1(12.5) 1(25,0) 44 (18,7) 6(22,2) 0(0,0)
iMLSb" 6 (11,5) 1(12,5) 0(0,0) 16 (6,8) 3L 0(0,0)
LSa/b" 0(0,0) 0(0,0) 0(0,0) 0(0,0) 0(0,0) 0(0,0)
YkynHo 52 (100,0) 8(100,0) 4 (100,0) 235 (100,0) 27 (100,0) 2 (100,0)

2 CeH3UTHBHY HA €PUTPOMHUIIMH U KIIMHJAMHUIIH

5 KOHCTHTYTHBHA PE3UCTEHIN]A HA MAKPOJIHJIE-TTMHKO3aMHIE-CTPENTOrPaMUHe rpyme b
® PesucreHIMja Ha MaKpoJIHIe/MaKpoJInae-CTpenTorpaMute rpymne b

" anynubuiHa pe3ucTeHInja Ha MaKpoJIie-INHKO3aMuIe-CTpenTorpaMune rpyme b

2 Pe3uCTeHIMja Ha JIMHKO3aMH Ie-CTpENTOrpaMuHe rpyne A/crpentorpamune rpyne b

[Topehemem yuectanoctn MLS denotunosa pesucreniyje Ko u3onara S. pneumoniae n S.
pyogenes TpeMa BPCTH MaTepHjaja YTBPAWIA CMO Ja HajBehm mporeHat wuzonmata S.
pneumoniae U S. pyogenes OCETJbUBHX Ha €PUTPOMUIIMH U KIMHIAMUIIIH 010 Mehy u3omaTuma
U3 reHuTanHux cekpera (p > 0,05), a iMLSb ¢enoruna u3 nuokynrypa (p > 0,05). cMLSb
(eHoTHI je OMO HajydecTaluju Ko u3omnara S. pneumoniae Mel)y nzonatiuma u3 Opucena rpia
W HOca, a KoJ u3onara S. pyogenes nu3 muokyinrypa (p > 0,05). M/MSb ¢denotun je 6uo
Hajuemthu mel)y m3onaruma S. pneumoniae W3 TEHUTATHUX cekpera, a mehy m3omartuma S.
pyogenes w3 tmokyarypa (p > 0,05). iMLSb ¢denotun je Ono Haj3acTyIsbeHU]U Mehy
nzonatuma S. pneumoniae M S. pyogenes u3 nmuoxkynrypa (p > 0,05) (Tabena 8 u I'paduxon

16).
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I'padukon 16. Yuectanoct MLS ¢eHoTHIIOBA pe3uCTeHIIM]je MO BPCTH MaTepHjaia Ko
uzonara S. pneumoniae (SPn) u S. pyogenes (SPy); Er/Kli S - cen3uTuBHM Ha €pUTPOMULIMH
U KIUHAAMUIMH, CMLSb - KOHCTUTYTHBHA pE3UCTEHIM]a HA MaKpPOJIHIe-THHKO3aMuU Ie-
crpenrorpamune rpyne b, M/MSb - pe3ucteniyja Ha MakpoJIuIe/MaKpoInae-
crpenrorpamune rpyne b, iMLSb - nHIynnOuiIHa pe3ucTeHnrja Ha MaKpoInae-
JMHKO3aMuie-cTpentorpamMute rpyme b, LSa/b - pe3uctennmja Ha THHKO3aMuUIe-
cTpenTorpaMuHe rpyne A/crpentorpamuse rpyme b

Kana ce ynopene uzonatu S. pneumoniae u S. pyogenes, youaBa ce I€IMUMUYHA CIMYHOCT y
muctpuOyuuju genotunoBa MLS pesucrenHnmje Mel)y m3ojgatiMa W3 pasidIUTHX BPCTA
Marepujana. Hanme, u ko S. pneumoniae v xox S. pyogenes n3onara Hajuenihe je 1eTEKTOBaH
iMLSb dhenorun 3 nuokynrypa, 1ok LSa/b penorun Huje 6uo uaeHTUPUKOBAH HU KOJ jeTHE

on oBux Bpcta Oaktepuja (Tabena 8 u ['padukon 16).

4.6 Yuecramoct MLS ¢eHorunosa pesucreHunje 1o nNopexjaIy Marepujajia

[Topehemem yuectamoctu MLS denorunoBa pesucteniyje Ko uzonara [ paM-mo3uTHBHUX
Koka Mehy m3onatima aMOyJaHTHOT W OONHHYKOT TMOpeKiIa HHje YTBpl)eHa CTaTUCTUYKH

3HavajHa pasnuka (p > 0,05) (Tabemna 9 u I'padukon 17).
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Ta6ena 9. Yuecranoct MLS ¢enorunosa no nopexiry Matepujana koj [ paM-mmo3uTHBHAX

KOKa

IMopexno matepujana n (%)

AmOyaanTHu  Boannukm
Er/Kli S* 786 (39,0) 123 (35,1)
c¢MLSb® 383 (19,0) 48 (13,8)
M/MSb® 291 (14,4) 81 (23,1)
iMLSb" 493 (24,5) 91 (26,0)
LSa/b* 63 (3,1) 7(2,0)
Ykynao 2016 (100,0) 350 (100,0)

2 CeH3UTHBHY HA €PUTPOMHUIIMH U KITHHJAMHULIH
5 KOHCTHTYTHBHA PE3UCTEHINja HA MAKPOJIHIE-TMHKO3aMHUIE-CTPENTOrPaMUHe rpyte b
® PesrcTeHIMja Ha MaKpOJIUIe/MaKpOIAAe-CTPENTOrpaMuHe rpyre b

" apynnbuinHa pe3ucTeHnrja Ha MaKpoIuae-IMHKO3aMuIe-CTpenTorpaMune rpyme b

A Pe3ucTeHIM]a Ha JIMHKO3aMUIe-CTPENITOrpaMuHe Tpyne A/cTpenTtorpamuse rpyre b

45%

Bpoj vaoaara (%)
0
ES

AMBYNAHTHK

mErfKli 5
u cMLSh
u M/MSh
miMLSh
M LSa/b

BOAHMY KW

I'paduxon 17. Yuectanoct MLS ¢eHoTunona o nopekiy marepujaia koxa ['pam-
no3utuBHUX Koka; Er/Kli S - ceH3uTHBHU HA €pUTPOMUIIMH U KIWHAaMULIMH, cMLSb -
KOHCTUTYTHBHA PE3UCTEHIIM]ja HA MaKpOIUe-TMHKO3aMHle-CTpenTorpaMute rpyne b,
M/MSb - pe3ucrennyja Ha MaKposuae/Makpoiauae-ctpentorpamune rpyne b, iMLSb -

MHIyIMOMITHA PE3UCTEHIIMja Ha MAaKpOJIHe-TMHKO3aMuie-cTpentorpamMune rpyne b, LSa/b -
pE3UCTEHIIHja Ha TMHKO3aMUIe-CTPENTOrpaMuHe rpyne A/ctpentorpamune rpyne b
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4.6.1 VYwuecranoct MLS ¢eHoTunoOBa pe3ucTeHlMje M0 MNOPEKJY MaTepUjajia Kojg
crapmiIokoka

Y oxHOCY Ha TTOPEKIIO MaTepujana, mpodui yuectanoctd MLS heHoTHUIIOBa pE3UCTEHITH]E KO
nzonmara MRSA u MRKNS u uzonata MSSA u MSKNS 6wuo je cimuan. iMLSb je 6mo
nomuHantad MLS  ¢denotun pesucrennuje kon craduiokoka Mel)y amMOyJaHTHUM W
OOTHUYKHMM M30J1aTHMa W HHje OWJIO CTATUCTHYKM 3HauajHe paznuke mehy muma (p > 0,05)
(Tabena 10 u I'paduxon 18). Mehytum, mocrojana je CTAaTUCTHUKM 3HAYAjHA DPa3NIMKA Y
yaectagocta M/MSb ¢enotuna mely 6omHHYKIM 1 aMOyJTaHTHUM COjeBHMa CTa(hMIIOKOKA.
Hamme, M/MSDb denoTun je 6uo yenihe 3actyrybeH Mel)y OO THUYKAM U30JIaTUMA Yy OJHOCY Ha

amOymantHe (p < 0,05) (Tabena 10 u I'padukon 18).

Ta6ena 10. Yyecranoct (peHOTHIIOBA PE3UCTEHIIH]E MO0 TOPEKITy MaTepHjaia Ko
crauokoka

MRSA? MSSAS MRKNS® MSKNST
ITopekno MaTepujaia ITopexo MaTepujaia ITopeko MaTepujaia ITopek10 MaTepujaia
n (%) n (%) n (%) n (%)

AmOynanTHU BosHnukn AmOyiaanThHu Boanumuku AmOyjaanTtHu Bonnuuku AmOyjganTHH Boanuuku
Er/Kli S 16 (12,3) 3(9.4) 299 (45,7) 62 (484) 6(12,2) 0(0,0) 225(42,1)  32(34,0)
cMLSbY 36 (27,7) 7(21,9) 27 (4,1) 2(1,6) 10 (20,4) 1(4,5) 55(10,3) 9(9,6)
M/MSb¢ 16 (12,3) 10 (31,3) 91 (13,9) 24 (18,8) 13 (26,5) 10 (45,5) 98 (18,4) 27 (28,7)
iMLSb* 60 (46,2) 11 (34,4) 234 (35,8) 40 (31,3) 20 (40,8) 11 (50,0) 147 (27,5) 25 (26,6)
LSa/b? 2(1,5) 13,1) 3(0,5) 0(0,0) 0(0,0) 0(0,0) 9(1,7) 1(1,1)
YkynHo 130 (100,0) 32 (100,0) 654 (100,0) 128 (100,0) 49 (100,0) 22(100,0) 534 (100,0) 94 (100,0)

2 MeTUIMIIMH PE3UCTEHTaH S. aureus

5 MeTHIIMITHH CeH3UTHBAH S. aureus

5 MEeTHUIMIIHNH PE3UCTEHTHU KOAaryJia3a HEraTHBHHU CTa(HUIOKOK

" MeTHLIMIIMH CEH3UTUBHH KOaryja3a HeraTHBHH CTa()UIOKOK

A CeH3UTHUBHU Ha SPUTPOMUIINH U KITMHAAMHIIAH

Y KOHCTHTYTHBHA PE3UCTEHIIN]a Ha MAKPOJIU/e-THHKO3aMHIE-CTPENTOrpaMHiHe rpyre b
¢ Pe3ucTeHIyja Ha MakpoJInae/MaKpOIUIe-CTpEeNToOrpaMune rpyme b

* NHaynuOuiiHa pe3ucTeHIja Ha MaKpoJIiIe-THHKO3aMUIe-CTpenTorpaMmuse rpymne b
* Pe3ucTeHLIMja Ha IMHKO3aMH/Ie-CTPENITOrpaMKHeE Ipyrie A/cTpenrorpamune rpymne b
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I'paduxon 18. Yuectanoct MLS deHOTHTIOBA pe3nCTEHIM]e TpeMa BPCTH MaTepHjaia Koj
MRSA (A), MSSA (b), MRKNS (B) u MSKNS (I'); Er/Kli S - ceH3uTHBHU Ha €pUTPOMULIUH
U KIUHAAMUIH, CMLSb - KOHCTUTYTHBHA pe3UCTEHIHM]a Ha MAaKPOJIHS-THHKO3aMU 1e-
crpenrorpamune rpyne b, M/MSb - pe3ucTeHIyja Ha MakpoJIH/ie/MaKpOIUIe-
crpenrorpamune rpyne b, iMLSb - nHIynnOuiIHa pe3ucTeHnrja Ha MaKpoInae-
JMHKO3aMuie-cTpentorpamMute rpyme b, LSa/b - pe3uctenmnyja Ha THHKO3aMuUIe-
cTpenTorpaMuHe rpyne A/crpentorpamuse rpyme b

4.6.2 Yuecranoct MLS deHoTHIIOBA pe3ucTeHLNje 110 MOPEKJIY MaTepHjajia Ko
€HTEPOKOKA M CTPENTOKOKA

VY omHOCY Ha IOPEKJIO MaTepujajia, MPOLeHAT H30JIaTa eHTEPOKOKA U CTPENTOKOKa ucror MLS
(eHoTHIIa pe3ncTeHIyje je Ono MpUOIIKHO HCTH n3Mehy n3osiata aMOyJIaHTHOT B OOJIHUYKOT

TopeKyia v HUje OUo CTaTUCTUYKY 3HavyajHe pasivke mehy muma (Tabena 11).
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Ta6ena 11. Yyecranoct (peHOTHIIOBA PE3UCTEHIIH]E IO IOPEKITy MaTepHjaia KoJl eHTEPOKOKa
U CTPENITOKOKA

Enterococcus spp. S. pneumonia S. agalactiae S. pyogenes
Iopek.i0 MmaTepujana IMopek.10 MmaTepujana ITopexsio MmaTepujaia Iopek.io maTepujana
n (%) n (%) n (%) n (%)
AMOynanTHu BosHnukn AmMOyJaHTHH Boanmuku AmoOyjaanTtHu Bonnuuknm AmoOynantHu BonHumuxu

Er/Kli S$* 1(0,5) 1(3,6) 20 (36,4) 2(22,2) 85(61,2) 9 (81,8) 134 (56,3) 14 (53,8)
c¢MLSb® 173 (79,7)  19(67,9) 21(38,2) 2(22,2) 21 (15,1) 1(9,1) 40 (16,8) 7 (26,9)
M/MSb* 1(0,5) 1(3,6) 9(16,4) 3(33,3) 18 (12,9) 1(9,1) 45 (18,9) 5(19,2)
iMLSb" 2(0,9) 2(7,1) 50,1) 2(22,2) 6(4,3) 0(0,0) 19 (8,0) 0(0,0)
LSa/b” 40 (18,4) 57,9 0(0,0) 0(0,0) 9(6,5) 0(0,0) 0(0,0) 0(0,0)

Yikymmo  217(100,0) 28(100,0)  55(100,0) 9(100,0)  139(100,0) 11(100,0) 238 (100,0) 26 (100,0)

2 CeH3UTHBHU Ha €PUTPOMUIIMH U KIMHIAMHUIIUH

6 KOHCTHTYTHBHA PE3UCTEHIN]a HA MAKPOIH/IE-IMHKO3aMH/e-CTPENTOrPaMUHE rpyTie b
* Pe3ucTeHIMja Ha MaKpOJIUJie/MaKpOInaAe-CTpenTorpamuste rpymne b

" iHaynmOuiIHa pe3iCTeHINja Ha MaKpOJIn/ie-IMHKO3aMH/Ie-CTpenTorpamMute rpyne b

“ Pe3iCTeHIIMja Ha JIMHKO3aMHIe-CTPENTorpaMute rpyme A/crpentorpamusne rpyme b

[Topehemem yuecranoctu nojeanHaynux MLS ¢eHoTHIIOBA pe3ncTeHIMje KOl eHTEPOKOKA
CTPENTOKOKA IpeMa MOPEeKITy MaTepujaia, yTBPAUIN CMO 1a HUje OMJI0 CTATUCTUYKY 3HAYajHE
pasnuKe y 3acTyIUbEHOCTH (eHOTHUTOBa H3Mel)y aMOyJaHTHUX M OOJHHYKHX W30J1aTa.
Homunantan MLS ¢eHOoTHIT pe3ucTeHIMje KOJI H30JlaTa €HTepOKoKa W S. agalactiae
aMOyJIaHTHOT W OoJHUYKOT mopekiia 6uo je cMLSD (p > 0,05). Kox uzonara S. prneumoniae
JIoMuHaHTaH (eHOTHUN Mehy aMOynaHTHUM n3ojatuMma O0mo je ¢cMLSb (p > 0,05), a mehy
oomamukum M/MSD (p > 0,05). Mehy uzomatuma S. pyogenes 6o je 00pHYTO, JOMHUHAHATAH
tdenorun koj amOynatHux 6uo je M/MSb (p > 0,05), a ko 6oxarukux cMLSb (p > 0,05)
(Tabena 11 u I'paduxon 19).
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I'paduxon 19. Yuectanoct MLS deHoTHIOBA pe3nCTEHITN]e MO TOPEKITy MaTepujana; A:
Enterococcus spp.; b: S. pneumoniae; B: S. agalactiae; I': S. pyogenes; Er/Kli S -
CEH3UTHBHU HA €PUTPOMUIIMH U KIUHAAMUIMH, CMLSb - KOHCTUTYTHBHA pe3UCTEHIMja Ha
MaKpoJIie-THHKO3aMuIe-cTpentorpamune rpyne b, M/MSb - pe3ucteniyja Ha
MakpoJIHae/Makponuae-crpentorpamute rpyme b, iMLSb - naaynubuina pesucrenmja Ha
MaKpoJIne-THHKO3aMHIe-cTpenTorpamune rpymne b, LSa/b - pesucrennmja Ha TMHKO3aMuIe-
cTpenTorpaMuHe rpyne A/crpentorpaMmuse rpyme b

4.7 Yuecramoct MLS rena pe3ucrenumje koa I'paM-no3uTHBHUX KOKa

Tpucra Tpunecer nzonara ['paM-mO3UTHBHUX KOKa ca pazaumuutuM MLS denoTnnouma
PE3UCTEHIIH]je CMO CEJIEKTOBAJIM 3a JaJby T€HEeTCKY aHaiIu3y. [la OMCMO IeTeKTOBaNIN KIMHUYKU
peneBantHe MLS rene pesucrenuuje, ypaguiu cmo End-point PCR anammsy (I'padukon 20).
Hajuemrhe nerextoBanm MLS renu pesucrenmmje mehy m3onaruma ['paM-TIO3UTHBHEX KOKa

ounu cy IsaA, 3atum cy ciemwin erm renu: ermB, ermC n ermA u Ha Tpehem mecty mo
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yaectanoctu 6mo je msrA/B ren. Kon 12,8% wuzomara I'paM-mO3HTHBHHX KOKa KOjH Cy
nokasuBan iIMLSb, M/MSb unu LSa/b deHotun pesucreHuuje, HUICMO HIESHTHU(PUKOBAIN

MLS rene pesucrennuje (I'paduxon 20).

-~

ermA

Bes reHa 5,9%
pesncTeHumje

12,8%

ermB
19,9%

ermC
11,6%

InuA
7,4%

I'paduxon 20. Yuectanoct MLS rena pesucrenuuje ko ['paM-mo3uTHBHUX KOKa ca jeJHUM
on uetupu MLS ¢denoruna pesucrenuuje

4.77.1 Ydecrajgoct MLS resa pe3ucreHumje Koa u3oJara cragpuiokoka

Cro cemampmecer neBeT wu3ojara crapuiokoka ca paszmmautuM MLS  ¢deHoTnmoBuma
PE3UCTEHIIH]€ CMO CEJICKTOBAIIHN 3a JIaJby TeHETCKY aHanmn3y. Jla 6ucMo NeTeKTOBaIN KITMHHYIKA
peneBantHe MLS rene pesucrenuuje ypagunu cmo End-point PCR ananuzy (I'padukon 21).
Hajuenthe merektoBanm MLS renu pesucreniuje Mmely m3onatuMa craduiioKOKa OWIH Cy
msrA/B, 3atum cy cnenunu erm renu ermC, ermB n ermA. Kopa 9,8% wu3onara cradunokoka
ca iMLSb, M/MSb unu LSa/b penotunom pesucrennuje, Hucy Ounu uaeHTUGUKoBaHN MLS

renu pesucrernmje (I'papukon 21).
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bes reHa

I'paduxon 21. Yuecramoct MLS rena mely n3omnatuma ctapuiokoka Koju Cy OKa3HBaIH
jenan on wetrpu MLS ¢enoruna pesucrenimje

MLS ¢eHoTHIIOBH pE3UCTEHIIH]E KOje CMO aHAIM3UPAIN CYy YIIIaBHOM HACTAIIM TIOCPEICTBOM
M0jeTMHAYHOT TeHa, a To cy Omnu Hajuemhe msrA/B u ermC. Mehytum, oBU peHOTHIIOBH Cy
tTakoh)e OWIM JETEpMUHHCAHW W KOMOWHAIMjaMa JBa WM BHIIE T'€Ha PE3UCTEHIHje, a
Hajuemthe pgerexkTtoBaHe KomOuHamuje reHa Owne cy ermCHmsrA/B, ermB+lsaA, un

ermB+msrA/B (I'paduxon 22).

Bes reHa
pesucTeHumje
25,7%

OcTanu reHn n
KomMOuHaumje
5,6%

ermC+msrA/B

I'paduxon 22. Yuecramoct MLS reHa pe3sucTeHIMje U BbUXOBUX KOMOWHAIIHM]ja KOJT
craduiokoka

75



PE3VJIITATHU

4.7.1.1 Yuecmanocm MLS zena pe3ucmenyuje Koo paziudumux epcma cmapuiokoka

VYuecranoct MLS rena pesucreHuuje W BUXOBHX KOMOMHAIMja KOJ PAa3MYUTHX Ipyra
crapuinokoka npukazana je y Tabenu 12. ermA u ermC ren cy 6wim Hajuenthu koq MSSA,
TOK je ermB ren 6mo Hajydectanuju kogx MRKNS u3onara. /nuA ren je 6uo y Hajsehem 6pojy
3actyrubeH ko MSKNS uzonara, nok je IsaA reH Ouo, Kao MojeIMHAYHH T'eH, NETEKTOBaH
camo kox m3onata S. aureus. Hajpehu mpouenar msrA/B rena 6uo je naeHTU(PUKOBAH KOJ
nzomara MSKNS. KomOunanuje nBa wiaM BUIlle TeHa PE3UCTEHLHUjE Cy Ouiie yriaBHOM

JIETEKTOBAaHE KOJT METUITMIINH-PE3UCTEHTHUX n3oJiata crtadunokoka (Tadena 12).

Ta6ena 12. Yuecramoct MLS reHa pe3ucTeHIje 1 BUXOBUX KOMOWHAIM]a KO Pa3THIUTHX
BpcTa CTaUIIOKOKA

Staphylococcus spp. n (%)

MSSA* MRSA® MSKNS®* MRKNS' VYkynHo
ermA 8(16,7)  3(6,7) 2(4) 1(2,8) 14 (7,8)
ermB 2(44) 1(2) 3(8.,3) 6(3,4)
ermC 8(16,6) 7(15,6) 6 (12) 53,9 26(14,5)
InuA 12,1 3 (6,6) 6 (12) 10 (5,6)
IsaA 1(2,1) 1(2,2) 2(1,1)
msrA/B 14 (29,2) 11(244) 15(30) 7(19,4) 47(26,3)
ermA+ermC 1(2,1) 1(0,6)
ermA+msrA/B 12,1 1(2,2) 2 (1,1)
ermB+ermC 1(2,8) 1(0,6)
ermB+isaA 1(2) 5(13,9) 6 (3,4)
ermB+msrA/B 3(6,7) 1(2,8) 4(2,2)
ermC+isaA 1(2,1) 1(0,6)
ermC+msrA/B 2 (4,4) 2(4) 4(11,2) 8 (4,5)
InuA+inuB 1(2) 1 (0,6)
msrA/BtisaA 1(2,2) 1(0,6)
ermB+msrA/B+IsaA 1(2,2) 1(0,6)
ermC+msrA/B+lnuA 1(2,1) 1 (0,6)
ermB+IlnuA+inuB+tisaA 1(2,8) 1(0,6)
be3 rena pesucrenuuje 12 (25) 10(22,1) 16(32) 8(22,2) 46 (25,7)
YxynHo 48 (100) 45(100) 50(100) 36 (100) 179 (100)

a MeTUIIITNH-CEeH3UTHBAH S. aureus
06 MeTunuianH-pe3ucTeHTaH S. aureus

B MeTHLMINH-CEH3UTUBAH KOAryja3a-HeraTuBaH CTa)uIOKOK
I MeTUIMIMH-PE3UCTEHTaH KoaryJia3a-HeraTuBaH CTa(uiokok
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4.7.1.2 Yuecmanocm MLS zena pesucmenyuje Koo paziuuumux peHomunosa
cmagunokoka

VYuecramoct MLS rena pe3ucTeHnyje W HBUXOBUX KOMOMHAIMja Koj paznuuutux MLS

(eHoTHIIOBA cTapUIIOKOKA je TpencTaBbeHa y Tabemu 13.

Ta6ena 13. Yuectanoct MLS rena n BUX0BUX KOMOWHAIIN]a KO/ Pa3IMUUTHX (PEHOTUIIOBA
cTapUIOKOKa

®eHoTHNIOBH pe3ucTeHnuje n (%)
Er/CliS* ¢MLSb® M/MSb* iMLSb* LSa/b* VYkynno

ermA 1(2,6) 13 (25,5) 14 (7,8)
ermB 2(5,3) 4(7,8) 6 (3,4)
ermC 11(28,9) 15(29,4) 26 (14,5)
InuA 1(2) 9(56,3) 10(5,6)
IsaA 1(2,6) 1(6,3) 2 (1,1)
msrA/B 1(3,4) 1(2,6) 43(95,6) 1(2) 1(6,3) 47(26,3)
ermA+ermC 1(2) 1 (0,6)
ermA-+msrA/B 1(2,6) 1(2) 2 (L,1)
ermB+ermC 1(2,6) 1(0,6)
ermB+isaA 6 (15,8) 6 (3,4
ermB+msrA/B 4(10,5) 4(2,2)
ermC+lisaA 1(2,6) 1 (0,6)
ermC+msrA/B 5(13,2) 3(5,9) 8 (4,5
InuA+inuB 1(6,3) 1 (0,6)
msrA/B+isaA 1(2,6) 1(0,6)
ermB+msrA/B+lsaA 1(2,6) 1(0,6)
ermC+msrA/B+inuA 1(2,6) 1 (0,6)
ermB+lnuA+inuB+ilsaA 1(2,6) 1(0,6)
Be3 rena pesucrenuuje 28 (96,6) 2(4,4) 12(23,5) 425 46(25,7)
YKynHO 29 (100) 38 (100) 45(100) 51(100) 16(100) 179 (100)

* CeH3UTHBHY Ha €PUTPOMHUIIMH U KITMHIAMHUIIH

5 KOHCTUTYTHBHA PE3UCTEHIM]a HA MAKPOJIH/Ie-THHKO3aMHIE-CTPENTOrPaMKHE TpyTie b
® Pe3ucTeHnyja Ha MaKkpoJIHIe/MaKpOInAe-CTPENTOrpaMuHe rpyne b

" HaynmOuiiHa pe3ucTeHIMja Ha MaKpOJIHIe-THHKO3aMH 1e-CTpenTorpaMune rpymne b

A Pe3ucTeHIMja Ha JIMHKO3aMU/Ie-CTpEeNTorpaMuHe rpyne A/crpentorpamuse rpyme b

M/MSb ¢denotun pesucrenumje je yrinaBHom 61o nerepmunucat msrA/B (95,6%) (I'padukon
23A), a LSa/b nperexxno /nuA renom (56,3%) (I'padukon 23B). ermC (29,4%) u ermA

(25,5%) cy Ounm HajydecTanuju 1MojeAMHaYHU TeHH KOju ¢y nerepmunucany iMLSb ¢penotun
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pesucrenimje (I'padukxon 23B). ermC (28,9%) je Owo Hajuemhnm reH Koj u30J1aTa
crapmiokoka ca cMLSb deHoTHIIOM pe3nucTenmje, Koju je Mo KapaKTepUCTHYAH 110 BEITHKOM
Opojy KoMOMHanyja ABa WM BHIIE Te€HA PE3UCTEHIM]je, a Hajuenrthe KoMOMHaIje reHa Oue
cy ermB+isaA (15,8%), ermC+msrA/B (13,2%) u ermB+msrA/B (10,5%) (I'pa¢uxon 23T).
OBaj Tpenn je Ouo nmocebHo 3actymibeH koa MRSA (58,3%) u MRKNS (90,9%) cojesa,
OJTHOCHO KOMOMHaIlje TeHa Cy JAOMHHAaHTHO nerepmuHucane cMLSb ¢denorun kox
METHIWINH-PE3UCTCHTHUX BPCTa CTAPMIIOKOKA. Y CKJIaTy ca OBOM OIICEPBAIN]jOM, KO jeHOT
MRKNS coja nerekTtoBana je KOMOHWHAIMja dYak 4YETHPU TEHA PE3UCTCHIIM]EC
(ermB+InuA+InuB+isaA) (Tabena 12).

OcTanu reHu
"
KoMOuHauuje

43.8% .

B r
OcTtanu reHu
5 n ) 28.9%
KomGuHaumnje
Ocranwm reHun 31.6%
KoMbuHauuje
45.1%
ermC+msrA/B
13.2%

ermB+
msrA/B
10.5%

I'paguxon 23. [IpeBanenuuja u excupecuja MLS rena u muxoBux KoMOMHaIMja KO
pasnnuuTux ¢peHorunona crapmiokoka; A: M/MSb; b: LSa/b; B: iMLSb; I': cMLSb
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4.7.1.3 Yuecmanocm MLS zena pesucmenuuje npema nopexiy uzonama Koo
cmagunokoka

VYuectamoct MLS rena pe3ucTeHnMje W HBUXOBUX KOMOWHAIMja MpeMa MOPEKIy H30JiaTa
craunokoka npukaszana je y Tabemn 14. msrA/B reH je Ono CTaTUCTHYKM 3HAYajHO demhu
KO/ OOTHMYKMX M30ylaTa cTadmiiokoka Hero koa amOynantHuX (p < 0,05). Huje mocrojana
CTAaTHCTUYKM 3HA4YajHa Pa3liiKa y MpoUeHTy u3Mmely m3onarta cra@uiiokoka aMOyJIaHTHOT U
OOJTHMYKOT ITOpEKJIa KOju ¢y Hocwiin octajie MLS reHe pe3ucTeHIrje u lUXoBe KOMOWHAIIN]E

(p>0,05).

Ta6esa 14. Yuectanoct MLS rena pesucreHyje npema nopexity u3onara crapumokoka

IHopexno matepujaaa n (%)

p-BpeAHocT?

AMOynaHTHH  BoaHMYKH

ermA 13 (8,6) 1(3,4) 0,47
ermB 4(2,6) 2(6,9) 0,25
ermC 24 (16,0) 2 (6,9) 0,26
InuA 7 (4,6) 3 (10,3) 0,21
IsaA 2(1,3) 0 1,00
msrA/B 34 (22,6) 13 (44,8) 0,02
ermA-+ermC 1(0,6) 0 1,00
ermA-+msrA/B 2(1,3) 0 1,0
ermB+ermC 1(0,6) 0 1,0
ermB+isaA 5(3.,3) 1(3,4) 1,0
ermB+msrA/B 4(2,6) 0 1,0
ermC+lisaA 1(0,6) 0 1,0
ermC+msrA/B 7 (4,6) 1(3,4) 1,0
InuA+lnuB 1(0,6) 0 1,0
msrA/B+lsaA 1(0,6) 0 1,0
ermB+msrA/B+IlsaA 0 1(3,4) 0,16
ermC~+msrA/B+lnuA 1 (0,6) 0 1,0
ermB+ilnuA+inuB+isaA 1(0,6) 0 1,0
be3 rena pe3ucrenuuje 41 (27,3) 5(17,2) 0,35
YxkynHo 150 (100) 29 (100)

2 Cse p-BpenHOoCcTH Mamse oJ1 0,05 cMaTpaHe cy CTaTUCTUYKU 3HAUajHUM
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4.7.2 VYuecramoct MLS rena pe3ucreHuyje KojJ eHTEPOKOKa U [-XeMOJUMTHYKUX
CTPENTOKOKA

Cro mepeceT jejad n30J1aT €HTEPOKOKA U B-XeMONMTHYIKUX CTPENTOKOKA ca pa3nuuutuM MLS
(beHOTHIOBUMA PE3UCTEHIM]j€ CMO CEJIEKTOBAIM 3a Jajby TeHeTcKy aHanu3y. [la Oucmo
JIETEeKTOBANIM KIMHUYKA peneBaHTHe MLS rene pesuctennmje ypamumu cmo End-point PCR
aHanmzy. 300T CyMmb€ J1a je JAOMUIO0 110 Jerpaaanuje ekcrpaxoBane DNK, cenamMuaecT u3onara
EHTEPOKOKa M [(-XeMONUTHYKHMX CTPENTOKOKAa KOju cy mnokazuBanu M/MSb denotun
PE3UCTEHIH] € je NCKIbYUeHO U3 Jdasbe ananmse. Hajuemrhe nerexkroBan MLS ren pesucrennuje
Mel)y u30JaTMa eHTEPOKOKA U B-XeMOIMTHYKUX CTPENTOKOKa OHO je [saA, a 3aTUM je cleno
ermB reH. Kon 6,5% u3omara eHTepokoka u 3-xeMonuTrukux cTpentokoka ca iMLSb u LSa/b
(dhenotunom pesucreHiyje Hucy ounm uaeHTudguroBanu MLS renun pesucrennuje (I paduxon

24).

-~ besreHa
< pesucTeHuuje
y 6.5%
/ ermA
2.2%
/’ ermB
/ 34.8%
!
( IsaA
142.0%
\ ermC
R 0.7%
\ InuA~" "
N 8.7%

I'paguxon 24. Yuectamoct MLS rena pesucrenmmje mel)y nzonatuma eHTEpOKOKa U
CTPENITOKOKA KOjH Cy MOKa3uBaiu jeaan oa Tpu MLS ¢eHoTuna pesucreHmmje

MLS ¢eHoTHIIOBH PE3UCTEHIIH]E KOje CMO aHAIM3UPAIH CY YTIIABHOM HACTaJM TIOCPEACTBOM
MOjeAMHAYHOT T'eHa, a TO ¢y Hajuenthe 0w IsaA u ermB. Mehytum, oBu ¢peHoTHIIOBH Takohe
cy OwiM JeTepMUHHCAaHM U KOMOHMHAIMjaMa JBa WM BUIIE 'eHa PE3UCTEHIMje, a Hajueuihe

JIETeKTOBaHe KoMOuHanwmje reHa owie cy /nuA+ilsaA n ermB+isaA (I'paduxon 25).
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y Bes reHa
pesncTeHumje
4 22.4%
InuA+IsaA
5.2%
OcrTarno Octanu redun un
14.2% KombuHauuje
2.2%
ermA
1.5% /
ermB+[saA
ermB 4.5%
27.6%

I'paguxon 25. Yuecramoct MLS rena pesucreniyje u bUXOBUX KOMOUHAIM]a KO
EHTEPOKOKA U 3-XeMOIUTHYKUX CTPENTOKOKA

4.7.2.1 Yuecmanocm MLS 2ena pe3ucmenyuje ko0 enmepoKkoKa u f-xemoiumuuKux
cmpenmoxoxa

Vuecranoct MLS rena pe3ucTeHIMje M HUXOBHX KOMOHMHAIMja KOJ EHTEPOKOKa M f3-
XEMOJUTHYKHUX CTPENTOKOKA MprKa3ana je y Tabenu 15. ermA reH cMO HISHTH(PUKOBAIN CaMO
kox m3onara S. agalactiae, nox ermC T€H HHCMO JETEKTOBAJIM HU KOJ jETHOT H30JIaTa
EHTCPOKOKa W [-XEeMOJTUTHUYKOT CTPENTOKOKA, JIOK je ermB reH Owo Hajydectanuju mehy
nzonatuma S. pyogenes. lnuA, [nuB u [saA renn cy ounu y HajseheM Opojy 3acTyIUbCHH KO
EHTEePOKOKa, JIOK KO/ u3ojara S. pyogenes HucCy Owmm niaeHtudukoBanu. KomOnHanmje aBa
WJIY BHIIIE T€HA PE3UCTEHIIH]je Cy OMIIe jeTHAKO 3acTyIJbeHE KO CBE TPH rpyIe Oakrepuja, 10K
je xomOunanuja yetupu reHa MLS pesucrenuuje (ermA-+ermB+inuB+IlsaA) nHeouexnBano

uaeHTr(UKoBaHa Koj uzonara S. pyogenes (Tabena 15).
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Ta6ena 15. Yuecranmoct MLS reHa pe3ucTeHIje 1 BHXOBUX KOMOWHAIIHM]a KO/ EHTEPOKOKa
U -XEeMOIUTHYKHIX CTPENITOKOKA

Enterococcus spp. S. agalactiae S. pyogenes YKYNHO

n (%) n (%) n (%) n (%)
ermA 2 (4,9) 2 (1,5)
ermB 12 (20) 10 (24,4) 15(45,5) 37(27,6)
InuA 4 (6,7) 1(2,4) 5(@3,7)
InuB 2(3,3) 2 (1,5)
IsaA 30 (50) 9(21,9) 39 (29,1)
ermB+isaA 3(7,3) 309,1) 6 (4,5)
InuA+isaA 5(8,3) 2 (4,9) 7 (5,2)
InuB+isaA 1(1,7) 1(0,7)
ermB+ermC+lisaA 1(1,7) 1(0,7)
ermB+IlnuB+isaA 1(2,4) 2 (6,1) 3(12,2)
ermA+ermB+IlnuB+IlsaA 1(3) 1(0,7)
be3 rena pesucrennmuje 5(8,3) 13 (31,6) 12 (36,3) 30(22,4)
YKynHo 60 (100) 41 (100) 33 (100) 134 (100)

4.7.2.2 Yuecmanocm MLS 2ena peaucmenyuje npema henomuny ko0 enmepokoxa u f3-
XeMONUMUYUKUX CHIPERMOKOKA

VYyecranoct MLS reHa pe3uCTEHLMjeé M HUXOBUX KOMOHMHaNMja KOJ €HTepokoka u [3-
XEMOJUTHYKUX CTpenToKoka ca pasnuuutuM  MLS  denoTunoBuma pesucteHnmje

npeacTaBsbeHa je y Tabemu 16.
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Ta6ena 16. [IpeBanennuja MLS rena pesucteHnmje 1 BUXOBUX KOMOWHANN]A KO
pa3nmuuuTHX (PEHOTUTIOBA PE3UCTEHIIN]E EHTEPOKOKA U 3-XEMOIUTHYKHIX CTPENTOKOKA

®eHOTUNIOBH pe3ucTeHuuje n (%)
Er/CliS* ¢MLSb® iMLSb® LSa/b®  VYkynno

ermA 2(22,2) 2(1,5)
ermB 34 (65,4) 3(33,3) 37 (27,6)
InuA 5(9,6) 5@3,7)
InuB 2 (3,8) 2 (1,5)
IsaA 4(7,7) 35(67,3) 39(29,1)
ermB+IsaA 6 (11,5) 6 (4,5
InuA+lsaA 7 (13,5) 7(5,2)
InuB+IsaA 1(1,9) 1(0,7)
ermB+ermC+lsaA 1(1,9) 1(0,7)
ermB+inuB+isaA 3(5,8) 3(2,2)
ermA+ermB+inuB+ilsaA 1(1,9) 1(0,7)
Be3 rena pesucrenmmje 21 (100) 3(5,8) 4@444) 23,8 30(22.4)
YkynHo 21 (100) 52 (100) 9(100) 52 (100) 134 (100)

* CeH3UTUBHU Ha €PUTPOMHLIUH U KIUHIAMULIUH

5 KOHCTHTYTHBHA PE3UCTEHIN]A HA MAKPOJIH]IE-TMHKO3aMH Ie-CTPENTOrpaMuHe rpymne b
* MHaynuOuiHa pe3ucTeHIMja Ha MaKpoluAe-IMHKO3aMUIe-CTpenTorpaMune rpymne b

" PesucTeHnyja Ha IMHKO3aMH/e-CTPENTOrpaMuHe rpyme A/ctpentorpamute rpyne b

LSa/b penoTun je 6uo yriaBHoMm netepMunucan [saA renom (67,3%) (I'paduxon 26A). ermB
(33,3%) u ermA (22,2%) cy Onnu jenHU TeHH KOjH CY Kao MMOjeAMHAYHU TeHU IETEPMUHUCAIH
iMLSb denorun (I'padukon 26b), nok xon 44,4% uzonara HucMo uneHtTudukoBanu MLS ren
pesucrenuuje. ermB (65,4%) je Ouo Hajuemhm reH Koj wH30yaTa €HTEpOKoka U f3-
XEeMOJMTUYKUX cTpenTtokoka ca cMLSb ¢enotunom pesucreHnuje, Koju je OHO
KapaKTEepUCTUYaH W TI0 TPHUCYCTBY BEJIHMKOr Opoja KOMOWHAaIMja JBa WJIM BHIIE T'€HA
pesucrennuje. Hajuemha koMmOuHanmja reHa koj w3onata ca cMLSb  ¢denorumnom
pesucrennmje 6una je ermB+isaA (11,5%) (I'paduxon 26B). OBaj TpeHna je HEOYEKHBAHO
HajBHIIIe OMO 3aCTyTUbeH KoJl u3oiata S. pyogenes (18,2%) u S. agalactiae (14,6%), 0ok je kox
EHTEepOKOKa Opoj KOoMOWHaIM]ja TeHa OMo MpUCyTaH y MameM nporieHTy (11,7%). Y ckiamy ca
OBOM OIICEPBAIIjOM, KOJI jeZJHOT coja S. pyogenes NETEKTOBAaHA j¢ KOMOMHAIIM]a YaK YETHUPH

reHa (ermA+ermB+inuB+ilsaA) (Tabena 15).
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OcTtanu reH

Bes reHa
pesucTeHuuje

44,4%

OcTanu reHu
"
KoMGUHaumje
15,4%

I'paguxon 26. [IpeBanenuuja u excrpecuja MLS rena pe3ucTeHuuje 1 BbUXOBUX

KOMOUHaIM]ja KOJI pa3IMUUTHX (PEHOTUIIOBA EHTEPOKOKA U B-XEeMOJIIMTHUKUX CTPENTOKOKA;
A: LSa/b; B: iMLSb; B: cMLSb

4.7.2.3 Yuecmanocm MLS zena pezucmenyuje npema nopexiy uzonama eHmepoKkoka u
f-Xemonumuukux cmpenmokoka

VYyecranoct MLS reHa pe3ucTeHIMje ¥ HBUXOBUX KOMOWHAIMja MpeMa TOPEeKITy H30jara
EHTEePOKOKa ¥ -XeMOJIMTHYKUX CTPENTOKOKA MpuKa3aHa je y Tabemu 17. ermB u IsaA reH cy
OMJIM CTAaTHCTUYKW 3Ha4yajHO dYemhu KoJa aMOylaTHHX Yy OJHOCY Ha OOJHUYKE COjeBe
eHTepokoka M B-xemomutuukux crpentokoka (p < 0,05). Huje mocrojanma craTUCTHYKH
3Ha4yajHa pa3jiMKa y THPOLEHTY H30JaTa EHTEPOKOKa M [-XeMOIUTHYKUX CTPENTOKOKa
amMOyJIaHTHOT U OOJIHMYKOT MOpeKiIa KOju Cy Hocuiu octane rene MLS pesucrenumje (p >

0,05).
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Ta6ena 17. Yuecranoct MLS rena pe3ucTeHiyje mpeMa mopekiry eHTepokoka u f3-
XEMOJIMTHYKUX CTPENTOKOKA (aMOyJIaHTHU TIpeMa OOJTHHYKUM)

Enrtepoxoke u -xemonntuuke crpentokoke n (%)

p-BpeaHOCT
AMOyJIaHTHH Boannuxku
ermA 22,1 1
ermB 32 (34,0) 5(12,5) 0,01131
InuA 5(.,3) 0,32147
InuB 1(1,1) 1(2,5) 0,50948
IsaA 36 (38,3) 3(7,9) 0,0003
ermB+isaA 6 (6,4) 0,17824
InuA+lsaA 6 (6,4) 12,9 0,6738
InuB+isaA 1(1,1) 1
ermB+ermC+lsaA 1(1,1) 1
ermB+IlnuB+isaA 33,2 0,55408
ermA+ermB+InuB+IlsaA 1(1,1) 1
Be3 rena pesucrenuuje 30 (75,0) 0
YxkynHo 94 (100) 40 (100)

2 Ce p-BpenHocTH Mame o7 0,05 cMaTpaHe Cy CTaTUCTHYKH 3HA4ajHUM

4.8 Bamanoct D-tecTa

Jla Obucmo yTBpawiIM BajbaHOCT D-TecTa, ynmopemwid cMo pe3yitare Koje cMo aobwmm D-
TeCTOM (KOPUCTIIIM CMO Ta 3a AeTekToBambe iIMLSb (eHoTHIIA pe3ncTeHnuje) ca pe3yaTaTuma
koje cMo nobomnu PCR ananmmzom (kopucTwim cMO je 32 MACHTU(DUKOBAKE erm TeHa, KOju

nerepmunuiry iMLSb denotumn) (Tabena 18).

Ta6ena 18. bpoj nzonara kopumrhennx 3a yrBphuBame BasbaHocT D-Tecta

D-tect Ha npucycTBo iMLSb? PCR?® tect Ha erm ren
¢eHoTHNA pe3ucTeHIHje HosutuBan HeratuBan YkynHo
IlozuTnBan 42 18 60
Herarusan 0 34 34
YkynHo 42 52 94

* ManynmOuniiHa pe3srcTeHIHja Ha MaKpoJIuie-TIMHKO3aMHIe-CTpenTorpaMuse rpyme b
5 Peakuuja TJaHIaHOT yMHOKaBamba

JloOujenu pesynraru Tecra BajbaHocTH D-Tecta npukazanu cy y Tabemn 19.
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Tabena 19. Pesynratu Tecra Basbanoctu D-Tecrta

Kapakrepuctuka D-Tecta Bpennoct
OceT/bUBOCT 100,0%
Cneuuduynoct 65,4%
IIponopiuja Jia’kHO MO3UTHBHUX 0,34615
IMponopuuja 1a:KHO HETATUBHUX 0

ITo3uTHBHA NMPEeJMKTUBHA BPEAHOCT 70,0%
Heratusna npeguxtusHa Bpegnoct  100,0%
IIpeBanenumja 44,7%
YKynHo 1643 (100)

OBOM cTaTUCTUYKOM aHann3oM D-tecT je mokazao ocetsbuBocT o1 100% u cnenuduuHoCT 011
65,4% y neTeKiuju HHAYIUOWITHE KIMHIAMHUIINH pe3ucTeHIMje Ha 94 coja [ paM-Io3uTHBHUX
koka (S aureus, Koaryjiaza HEraTuBHE CTa(UIOKOKE, EHTEPOKOKE U [-xeMonuTHuke
ctpentokoke) (Tabena 19). HMcre pesynarare cMo J00WIM UM TECTOM BajbaHOCTH D-Tecta
MOjeTMHAYHO 32 S aureus, Koaryjasa HeraTUBHE CTaUIIOKOKE, CHTEPOKOKe U -XxeMonuTHUIKe

CTPEITOKOKE.
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5 JTACKYCHJA

OtkpuheM u yOanuBameM y 3BaHHUYHY JIMCTY JekoBa cyindonamuaa 1930-tux roguna u
nenurmHa 1940-THx ToaMHA TIouena je T3B. "aHTmOWoTcka epa’. OBaj gorahaj, xoju ce
cMaTpa HajBaKHHUJUM Y UCTOPHjU MEIHUIMHE, TOBEO je 10 PEeBOyNHje y T0Jby MH(PEKTUBHUX
o0oJbema M /120 je MOTYhHOCT KIMHWYapHMa Ja CIpedaBajy, jJede H peayKyjy MpeHOUIeHe
nH(pEKTUBHUX OosiecTH. MOpPOUAUTET U MOPTAITUTET MOBE3aHU ca HHPEKTUBHUM 000JbEHUMA
Cy, IOYETKOM OB€ HOBeE "aHTHOMOTCKE epe', 3HauajHo cMameHu [264]. Hakon otkpuha npBux
aHTHOMOTHKA, 0 1970-TUX roJMHa YBEJECHO j€ jOII HEKOJIHMKO Kilaca HOBUX aHTUOMOTHKA, a
oHAa mocne Ayxe may3e o oko 30 roaunHa, mouyetkoM 2000-TUX TPOU3BENEHU CYy
okcazoymauHu [265]. Bume ox 60 ronauHa, aHTUOMOTHIM Cy CMaTpaHW YHUBEP3THUM
JeKoBHUMa, 0e3 003Mpa J1a JIn je ’UX0oBa yrnorpeda aJeKBaTHA U J1a i Cy MH(]EKIrje n3a3BaHe
amMOynaTHUM Win OOMHWUYKHM cojeBuMa. Mehytum, jom 1954. rommHe y cBOM roBoOpy Ha
cBevanoj aonenu HoOGenose Harpane, Anekcangap DieMUHT, KOjU je OTKPHO TEHHUIIMIUH,
YIO30pPHO j€ jaBHOCT Ha MOryhy MojaBy pPEe3MCTEHTHOCTH OaKTepuja Ha OBE YHHMBEp3ajHE

JICKOBC.

[IpBu cBemoLM HENEIOTBOPHUCTH aHTUOMOTHKA Ha OaKTepHje Koje Cy pa3BUIIE PE3UCTEHIIN]Y
ounu cy ximHIYapu. O 6akrepurja Koje cy Onie pe3ucTeHTHE Ha jelaH aHTHOMOTHK, TI0jaBUIIe
cy ce OakTepwje pPE3UCTECHTHE Ha BHUIIE AHTUOWOTHKA OJ[JSTHOM M TH COJEBH M TCHH
pE3UCTEHIMje Cy MOoYenH cBe Buile jaa ce mmupe. OBO je 3a MOCIeAMIly UMAJo CyOouaBame
KJIMHHAYapa ca Heyclecuma y Jieuemy MH(EKIHja N3a3BaHUX MYJITHPE3HUCTEHTHUM COjeBHMa
naToreHnx Oakrepwja [266]. Hajsehu npobnem y OomHuilama mpe oTkpuha aHTHOMOTHKA
npencTaBsbaie ¢y Oakrepuje S. aureus u B-xemonuTHuke cTpentokoke rpyme A [267]. Jlanac,
KaJa HaM je JIOCTyIaH BEIHKH Opoj aHTHOMOTHKA, IMOHOBO C€ CyOdaBamMoO ca MpoOIeMOM
Jedermha WHQEKIMja W3a3BaHUX IEHUIMINH-PE3UCTEHTHUM ITHEYMOKOKAMa, BAaHKOMHIIMH-
PE3UCTEHTHUM EHTEPOKOKama, W METUIWJIMH W BAaHKOMHUIIMH PE3MCTEHTHUM COjeBUMA S.
aureus W Koaryja3a HeraTMBHHUM craduiokokama [268, 269]. Mudeknuje n3za3paHe OBUM
BpcTama 0aKkTepuja, Koje Cy y CKOPHjOj MPOIIJIOCTH ePUKACHO JIeUeHe aHTUONOTHUIMA, JaHaC
MPENICTaBIbajy TEXAK WK HepemuB npobiem. OBo je mpobiem HOBe "MOCT-aHTUOMOTCKE epe',
y K0jOj y3pouHHUIM nH(peKuja puie Hehe OUTH OCETIBMBY Ha IOCTYIHE aHTHOHOTHKE [270].

AHTHOMOTCKA PE3UCTEHIIN]a j€ TOCTalla TII00aIHU MPo0JIeM 1 N3a30B 3a jJaBHO 3/IpaBJbE U BHIIE
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HUjeTHa [T0jeIMHaYHA WM jeJHOCTaBHA CTpaTerrja HUCY Y CTamy Ja y MOTIYHOCTH 00yXBare
HaCTaHAaK M IIUPEHE MHUKPOOpPraHMW3aMa pPE3MCTEHTHUX Ha JOCTYIHE aHTHOMOTHKE.
HcroBpemeHo ca yOp3aHOM I10jaBOM PE3UCTEHIMje Ha aHTUOMOTHKE NPOU3BEIEHO je& caMo
HEKOJINKO HOBUX aHTHOAKTEPH]jCKUX JICKOBA, TE j€ IMOCTAJI0 OYUIJIETHO JIa j€ ONpPe3Ha U MyApa
ynotpeba aHTHOMOTHKA HEOMXO/IHA Jla OM ce crpedno Jajby pa3Boj pesucteHimje [271]. Beh
Cce MOXKE€ YOUMUTH HEJOCTaTaK HOBUX aHTUOMOTHKA KOjuMa OW ce 3aMEHHIIM OHHM KOjU CY
nocTany Hee(huKacHH, IITO TPaK XUTHY MOTpedy na ce cauyBa epukacHocT Beh mocrojehux
anTuOnoTHKa. CBeTcKa 3/1paBcTBeHa opranu3anuja [272] u Llenrap 3a KOHTpoIry 000JeBamba
u npeBeHuujy [273] okapakarepucalu Cy PE3HCTECHIHW]y Ha aHTHUOMOTHKE Kao HajBehn
npo0JieM jaBHOT 37paBJba y cBeTy. EBporicka Mpesxa 3a nmpaheme aHTUMUKPOOHE pe3uCTeHIje
(EARSS) ox 1998. rogune npaty pa3Boj pe3uCcTeHIINje Ha aHTUONOTHKE Y 3eMibaMa EBporie u
NOKyIIaBa Ja CMamku yHnoTpeOy aHTHOMOTHKA MHHUMM3HMPABEM HHHXOBE HeaJeKBaTHE

ynotpebe [274, 275].

Kox cBux momynamuja opraHu3amMa MOTY C€ jaBUTH II0jeIMHAYHE jeAMHKE ca HEKOM
JIPYyradyijoM OCOOMHOM O] JPYTHX UYjaHOBa MOIyJalyje. Y ciydajy TolyJaiuje OakTepHja,
0COOMHA PE3UCTEHIIN]Ee Ha aHTUOMOTHKE Ce MOXKE JaBUTH KOJ HEKUX jeIMHKNA OaKTepuja u3 Te
nomynanuje. CBaku MyT KaJ| c€ KOPUCTU oApeheHn aHTUOMOTHK, jeJUHKA KOja je HOCHIIAIl Te
cnenupuIHe 0COOMHE OTIIOPHOCTH HA Taj aHTHMOMOTHK ce OpojuaHo moBehaBa W Ha Kpajy
NOYHbE J1a JIOMHHUpPA HaJl OCTaTKOM OakTepHjcke morynanuje. Pa3Boj pesucreHnmje Ha
AHTHOMOTHKE je TPUPOJHU (EHOMEH M CAaCTaBHH j€ JI€0 EBOJYTHBHOT IPOIEca CBAaKOT
MUKpoopranusma. MeljyTuM, oH je 3HauajHO yOp3aH MIMPOKO PACIPOCTPAHEHOM YIIOTpeOOM
aHTUOMOTHKA KOJ JbyAM M XHUBOTUHA [276]. bakrepwje Mory mnoceqoBaTu NPUPOIHY
pPE3UCTEHIM]Y Ha HEKe aHTHUOWMOTHKe, HIp. Oakrepuje Mycoplasma spp. cy ypoheHo
pe3ucTeHTHe Ha B-makTaMcke aHTHOMOTHKE jep HeMajy MeNnTHIOTIMKAaHCKU henmujcku 3ua Ha
YUjy CHHTE3y OBW aHTUOMOTHUIU JAENyjy, WIH MOTY TOCeIoBaTH "CTeUeHy pe3HCTEHIHjy",
OJTHOCHO MOTY C€ T'€HETCKH MPOMEHUTH U TaKO IOCTATH PE3UCTEHTHE Ha aHTHOnoTuke [277].
Bakrepuja Mmoxxe crehu reHe pe3ucTeHIHje CIIOHTAHOM MYTAllljOM HJIM TaK XOPH30HTATHUM
TpaHchepoM I'eHa, KOjH IIPeICTaB/ha pa3MEeHY TeHETCKOT MaTepujaiia n3Mely OakTepuja ucTux
WIN Pa3IMYUTHX BPCTa. ['€HU KOjU I€TEPMHUHUILY PE3UCTEHIIU]Y HAa aHTUONOTHKE Ce Haslaze y
HAIllO] >KUBOTHO] CPEIWHH, a Ty Cy C€ Haja3swid W MWJIMOHMMa ToJIWHAa Tpe OTKpuha
antuonoTuka [278]. Ilo jenHoj TeopHju, MPUCYCTBO T'eHA PE3UCTEHINjE Y )KUBOTHO] CPEIHA
ce o0jalmaBa MPUCYCTBOM TUX T'eHa KoJ| 0akTepHja U TJbHBa KOje MPOU3BOJic aHTUOMOTHKE, a

UMajy y CBOM I'€HOMY COTICTBEHE I'eHe PE3WCTEHIM]je Ha aHTHOMOTHKE KOje MPOU3BO/IE ApYyTe
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Oakrepuje u ripuBe [279]. Ilo mpyroj Teopuju, M3BOp T'€HA PE3UCTEHIHje ce Hama3u Mmely
HAIlUM TeHUMa KOjH KOAMPajy IehepHy KuHa3y U aleTuiTpaHcdepasy U MOTY €BOJIYUPATH U

MOAN(UKOBATH aHTUOMOTHK, Kao IITO je Y CIydajy Pe3uCTeHIIje Ha aMUHOTIINKo3uAe [278].

AHTUOMOTHIM U3 TPyIIe MaKpOJIUa U JTMHKO3aMH/JIA CE YECTO KOPUCTE Y Tepanuju nHpeKmja
n3a3BaHux [ paM-no3uTHBHUM KoKama. Pe3ncTeHnuja Ha OBe aHTUOMOTHKE j€ KOHCTAHTHO Y
MOpacTy U TO YCJE] palupeHe, HepallmoHaIHe M MHTEH3UBHE yoTpeOe OBUX aHTHOMOTHKA 3a
JeUeHE JbYIM U Y UCXPAaHH TOBHUX JKUBOTHHbA. PYTHHCKUM TECTUPAamEM TUCK TU(PY3HOHOM
METOJ/IOM OCETJBUBOCTH OAKTEPHjCKHX M30J1aTa Ha aHTUOMOTHKE, HE MOXE ce ca CHUrypHourhy
JETeKTOBAaTH HWHAYUMOWJIHA KIMHAAMUIMH pe3ucTeHnuja. Makponuan ca 14-wiaHum
IOPCTEHOBUMA MHAYKYjJYy pE3HCTEHIM]y Ha 16-ujaHe Makponuje, JUHKO3aMuae U
crpentorpamune rpymne b. Jluck nudy3noHMM TeCToM, OHAA Kajga Cy CTaHIapAHU TUCKOBU
EpUTPOMHIIMHA ¥ KIMHJAMHIMHA CMEUITEHH jeIaH IOped JAPYTor, MOXKE C€ NETEKTOBATH
UHIyIUOMITHA KIWHAAMUIIMH PE3UCTEHIMja Yy BUAY 3apaBlmeha 30HE HHXHOHWIHjE OKO
KIMHIAMHAIUH JHCKa T[peMa EpPUTPOMUIIMH JUCKY, najyhm wu3rien 30He HHXHOUIIM]jE
KJIMHJIaMUATIMHA Y OOJIUKY BEIUKOT JIATHHUYHOT cioBa D. Maaynnubunaa MLSb pesucrennmja
HacTajga eKCIOPeCHjoM erm TEHa JIOBOAM 10 Hee(pHUKacHOI Jeuewma HHGEKIHja
KIMHJIAMUALIMHOM, yclien Op3e in vifro KOHBep3Wje WHAYIUOWIHE Y KOHCTUTYyTHBHY MLSDb
pesucreniyjy. M3ocraBipame D-TecTa y pyTHHCKOM TeCTHpamby MOXKE TOBECTH 10 TIOIPEIIHOT
n300pa aHTHOMOTHKA 32 JICUCHE TEITKNX HH(EKIIHja y3pOKOBaHUX | paM-II03UTHBHAM KOKama.
D-tect je jemHocTaBaH W MOY3IaH METOJ 3a OJBaja-€ COjeBa ca NMPAaBOM OCETJHUBOIINY Ha

KIIMHJaMHUIINH, O cojeBa KOjI/I HOKa3yjy JIA’)KHY OCCTJbUBOCT HAa KIIMHJAAMHWIIUH.

Pon 6akrepuja Staphylococcus spp. ykibyuyje HajMame 40 Bpcta. OHE MOTY M3a3BaTH IIHUPOK
JMjana3oH OOJEeCTH KOJ JbY/AU M KHBOTHHA, HAKO Cy HEKE OJl HbHX I'CHEPAHO arnaToreHe u
cMaTpajy ce cacTaBHHM JIeJIoM KoMeHcaiHe (diope. S. aureus je 'pam-no3utuBHa OaKTepHja
KOja MOke OMTH J1e0 HOpMalTHE (IIope KOKe M HOCHHUIIA YOBEKA, JIM j€ M Ipyra MO BaXHOCTH
nmaToreHa OakTepuja JbYIU. S. aureus MOXKE M3a3BaTH BEIUKH OpOj pa3nuunTUX WH(PEKIH]a,
Hajuemhe MEKWX TKHBA M KOXe, KOCTH]y M CeNcy, a 4YecT je y3pOoYHHK HH(EeKIHja
NIOCTONIEpAaTUBHUX paHa. Heku cojeBu S. aureus mponyKyjy TOKCHHE KOjH MOTY Ja JaTH
crienupUIHe CUMIITOME, YKIbY4yjyhu TOKCHYHU IIOK CHHPOM U TpoBame XpanoM [280]. Mako
je Ha MMoYeTKy NMpUMEHEe NMEHUIMINH OUO JISIOTBOPAH Ha S. aureus, PE3UCTCHIIMja HA BHEra ce
Kox S. aureus pa3BWIAa y HCTO] JACUSHHJH Kaja je aHTHOMOTHK oTkpuBeH [281]. Oma
PE3UCTEHIINja je HacTajla TIOCPEACTBOM IMPOIyKIHje eH3nMa [-lakTamase KOju WHaKTHUBHpa

INCHUIIWINHEC, aMIIMIUJINHC 1 aMOKCHUIIUJIMHE. 3atum Cy IPOU3BEACHU 3-makTamasza OTIIOPHU
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aHTHOMOTHIN (Tj. METHUIIIMH M KJIOKCAIlWIMH), Kao W [B-makramasza wmHXuOuTOpW (Tj.
KJIaBYyJIAHCKA KHCEJIMHA U CyJI0aKTaM), KOju Cy KOMOMHOBAaHH Ca JPYTMM aHTHUOHWOTHIIMMA.
CojeBu S. aureus pe3uCTEHTHH HA OBE NEHUIMJIMHA3A OTIIOPHE aHTUOMOTHKE CY CTEKIIH HOBH
red (mecA) Koju KOAWpa HOBH TMEHUIWIMH-Be3yjyhn MPOTEWMH M Ha3BaHHW Cy METHIIMIUH-
pesuctentru S. aureus (MRSA). Ilpeu MRSA cojeBu cy ce nojaBunu 1960-tux roguHa. Ha
nouyetky, MRSA cojeBu cy yrnaBHOM u3a3uBainu OonHuuke nHdpeknuje [281]. Mehytum, on
npe Jecetak roauHa, y Behem Opojy 3eMaiba je 3a0enexeHo 3HavyajHo mnoBehame Opoja
amOynanTHuX cojeBa MRSA [276], koju cy Ha cpehy 3aapskanu 0ceTJUBOCT Ha BETUKU OpOj
Ipyrux He-B-makTaMCKUX aHTHOMOTHKA, JAOK Cy OOMHWYKH cojeBU MRSA yrmaBHom Ownm
pesuctenTHH. Kao nocnenmwu nek n3dopa koa myntupesuctreHTHIX MRSA cojeBa kopuirhenu
Cy MJIMKONENTUAM, Ka0 INTO Cy BAHKOMHMIMH M TEHMKOIUIAHUH, KOJU CYy OTKPUBEHHM H
peructpoBanu 3a ynorpeOy 1950-Tux roguHa, a MOry ce JaBaTH CaMO MAPEHTEPATHO Y3
NaXJBUBO OpJUHUpame 300r Moryhux HexkehbeHux JejctaBa. HoBe ommmje 3a Jnedeme
mynTtupesucteHTHIX MRSA cojeBa mpencrapibajy mmuezonua (1970-tux) u AanTOMUIMH

(1980-THx), KOju Cy 3acaj MOCIEIBHE PETUCTPOBAHE Kilace aHTHOnoTHKa [276].

Staphylococcus epidermidis mnpunaga Tpynu Koaryjina3a HETaTUBHUX cTaQUIOKOKa W
HAj3aCTyIUbCHH]H je KO HOpMalHe Jhycke (iope [282]. Kao u entepokoke, KNS cojeBu ce
jaBJbajy Kao jeIHM OJf Hajuemhmx y3pOoyHMKA OONHUYKUX HHQKEHja, MOCeOHO OHUX
noBe3anux ca mMrutantaaTuma [283]. KNS je Tpehn mo ydecranoctn y3poyHHK OOTHHYKHX
Oakrepujemuja. MHPexnmje Koo HWMYHOKOMIIPOMHTOBAaHHMX TMalHjeHaTa Cy IOCeOHO
KOMITUKOBaHE W TEIIKE 3a JICUSH¢ 300T BEIMKE PE3UCTEHIIMje OBE rpyrne OakTepuja Ha
aHTuOuotHke. S. epidermidis je MOCIEAmBUX TOAMHA TIOCTA0 PE3UCTEHTAH Ha BEIUKH OpOj
aHTUOMOTHKA U yTJIaBHOM IPEACTaB/ba PE3EPBOAP I'€HA PE3UCTEHIMje Y OOJHUYKO] CPEIUHU

[284].

Bucoka ydectanocT pe3ucTeHnrje Ha MeHUIWInH Mel)y ctaduiokokaMa y HaIioj CTYIHjH je
Owmra y carjlacCHOCTH ca pe3yJiTaTuMa JIpyrux aytopa [234, 242, 285]. Mely HammM u3onaruma
S. aureus roToB0 20% je OUI0 METULMIIMH-PE3UCTEHTHO, ILITO 3HAYH JIa C€ HalIa3uMO Yy OIICery
npesasieHije MRSA m3o0naTta eBponcKuX 3eMalba mpema u3BemrTajy CBeTcKe 37paBCTBEHE
opraam3anuje [276]. [Ipema u3Bemrajy CBeTcke 3ApaBCTBEHE OpraHH3aIfje O TII00ATHO]
0aKTepHrjCcKOj pe3uCTeHIMj1 Ha anTuonoTuke u3 2013. rogune, npepaneHja MRSA uzonara
ce kpetana o 12 no 80% y Adpunu, ox 21 mo 90% y Amepunm, ox 10 1o 53% y ucrouHo-
MenuTepadckoj peruju, ox 0,3 mo 60% y Eporm, ox 10 10 26% y jyroncTo4HO] a3ujcKoj

peruju ¥ ox 4 1o 84% y 3amagHo nmanuduikoj peruju [276].
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VY namoj cryauju cMo uaeHtudukoBamu 10,16% METHIMINH PEe3UCTEHTHUX H30i1aTa Mehy
Koarynasza HeraTuBHUM ctaduiokokama. [Iponenar MRKNS wn3onara vmxu ox 20% Ouo je
3a0erexeH y CTyujaMa Koje Cy HCIUTHBAJIC N30J1aTe aMOyJIaHTHOT mopekya [286, 287, 288],
nok je nmpoueHaT MRKNS wu3onara Bumm ox 40% 6uo unentudukoBaH Mmely uzonaruma
OOJHUYKOI MOpekia, noceOHO Mehy u3ojgaTHMa nalnujeHaTa U3 jeMHHIa UHTEH3UBHE Here

[289, 290].

[TpubnmkHO TOJOBHHA HAIIMX HM30JaTa METHUIWINH PE3UCTCHTHUX cTaWIOKOKa Omia je
PE3MCTEHTHA HAa TCHTAaMUIIMH, JIOK j¢ HajMama Pe3HCTEHTHOCT Ha TeHTaMUIIMH Ouia HaljeHa
KO/l METUILWINH OCETJbUBHUX CTa(WIOKOKa. Y OJHOCY Ha Hallle pe3yJsrare, 3HaTHO Behu
IpPOLIEHAT PE3UCTEHTHHUX CTa(UIOKOKA HAa TEeHTAMULMH eBUIeHTupaH je y Mumuju u Upany
[291, 292]. Mebhy MRS wuzonaruma 3abenexxwnn cMO Hajehy pesucTteHuujy Ha
munpodaokcarus (oxo 40%) , JOK CMO 3HAYajHO Mamy PE3UCTEHIM]Y HAa OBaj aHTUOMOTHK
esueHTHpany kog MSS n3onata (ucron 10%). Hpyru aytopu [291, 292, 293] cy objaBunn
MHOTO BHIIIy CTOITy pe3ucTeHuuje Ha (ayopokBuHoioHe MRS u3onata y ogHOoCy Ha Hamny
cryanjy. Hujeman on n3omnara ctadyuiiokoKa y HaIoj CTYAUjH HUje TT0Ka3a0 PEe3UCTCHIN]Y Ha
JMHE30JIUA U BAHKOMHIIMH, MAaKO Cy HEKH ayToOpu [eTeKTOBAIM H30jaTe CcTaduiIoKoKa
pe3uCTEeHTHE Ha JIMHE30JIMl U BAaHKOMHIIMH KoJ OomHMYkX MRSA cojeBa [294, 295]. Bume
0J1 TIOJIOBWHE HAIIIMX W30J1aTa CTAQUIOKOKA je OMII0 PE3UCTEHTHO HA €PUTPOMMUITIH, Ka0 U KOJI
Behune npyrux aytopa [234, 286, 296,297,298, 299, 300], 3a pa3znuky on XamuntoH-Munepa
u O'CanmBana [244, 301], xoju cy 3a0enexwim 3Ha4ajHO HIKH TpoueHaT. Kox mpubmmkHO
90% wn307aTa METUIWIIMH PE3UCTCHTHUX CTA(QHUIOKOKAa OTKPWJIM CMO PE3HCTEHIHU]y Ha
EPUTPOMHUIIMH, IITO Ce Takohe Mmoaymapa ca pe3yaratuMma BehwHe npyrux crynuja [83, 289,
297, 302, 303]. V Hamoj ctyauju mamwe of 30% MRS uszonara je Ouino pe3uCTEeHTHO Ha
KIMHJIAMULIMH, JIOK je PE3UCTCHIMja Ha KIWMHJAMHUIIMH Ouiia 3a0elie)KeHa y jako BHUCOKOM
npoueHTy y Typckoj, Mamuju u [lakucrany [286, 304, 305]. Mehy MeTHIIMIMH OCETIJbUBHM
crauokokama 3abesekeHa je HICKa pe3UCTeHINja Ha KIMHAaMUuIH (0ko 20%) 1 y Hamoj

CTYIMjH, U y CTyajaMa JApyrux aytopa [296, 299, 302].

Y Hamioj ctyauju je HajBehu Opoj n3onara cTapuIoKoKa OO CEH3UTUBAH HA EPUTPOMUIIIH U
KIMHJIAMHALIMH, & Haj3acTyIUbeHUju (heHoTun pesucreHiuje mehy muma 6umo je iMLSb. Ha
JIpyroM Mecty 1o ydecranoctd kog MSSA, MRKNS u MSKNS wuzonara 6uo je M/MSb
¢denorum, 10k je kox MRSA m3omara 6uo cMLSb ¢enotumn. OBaj obpazarr MLS ¢enorumnona
pe3ucTeHnuje je OMo MCTH M KOJ H3ojara cTaQuiokoka aMOyJaHTHOT W KOJI HM30jaTa

OomHmuKoT Topekia. CiimaHe pe3yaTare ¢y 00w XaMunToH-Munep u Doke, Ko KOjHX je
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iIMLSb ¢denorun 6mo Hajyuectanmju xon cradmmokoka [301, 306]. Hamm pesynratu cy y
CarJIaCHOCTH | Cca pe3yJiTaTuMa JIpyrux cryauja ypahenux y Cpouju [307]. 3a pa3nuky ox Hac,
aytopu u3 Muanuje u Vpana [234, 308] cy onucasim ¢cMLSb denoTun kao qoMuHaHTaH KOX
MRSA u MRKNS wuzonara 6onanukor mopekia. Takohe, pasnuuuty y ogHOCY Ha Hairy
quctpuOynrjy MLS ¢geHoTunoBa pe3rucTeHIje cy UMaid Ha YHUBEP3UTETCKO] KIMHHIIU Y
Wunnju, rne je aoMuHaHTaH (eHOTHN pe3ucTeHnuje Mel)y MEeTHIMINH-PE3UCTEHTHUM
cradpunokokama 6uo M/MSb, a npyru no yuectamoctu iMLSb [309]. ductpubyumja MLS
(heHOTHIIOBa PE3UCTEHIIN]jE MOKE BapHpaTH 3aBUCHO O] TeorpadcKor moapydja U ol Tora aa
JIM C€ UCTIUTY]y M30JIaTH aMOYJIaHTHOT HJTH OOJTHUYKOT MOPEKIIa. Y pa3IMduTUM reorpadcKum
perujama rmocroje pa3’IMyuTe HaBUKE MPONKMCHBamka M yIoTpede MakpoIuaa 1 JIMHKO3aMH/Ia,
a paznuke y ynorpebu MLS anTHOMOTHKA MOT'Y ITOCTOjaTH YaK M Ha HUBOY JIBE 3[pPaBCTBEHE
ycTaHoBe ucTe 3emibe [299]. ¥V Hamoj ctyauju je M/MSb denorun pesucteHnuje Ouo
CTaTUCTHYKU 3HAYajHO BHIIE 3aCTYIUbEH KOJA M30i1aTa aMOyJaHTHOT MOPEKJIa HEro Kon
u3onara ooxamYKor nopekina (p < 0,05). ¥V ckmamy ca THM, JETEKTOBAIN CMO msrA TeH (Koju
nerepmuauiie M/MSb ¢eHotun) MHOro 4yemrhe KoOJi OOMHUYKHMX HETO0 KOJ aMOYJIaHTHUX
cojeBa cradmokoka (p < 0,05). OBo yka3yje Ha BaXHOCT (hEHOTHIICKE audepeHIrjanuje
CTBapHO OCETJhUBUX 0 JaxkHO (IMLSb) oceTsruBUX cojeBa cTariiokOKa HA KIWHAAMUIIUH,
noce0HO KO/ 130J1aTa cTadUIOKOKa KOju MoTU4y 13 OonHuYKe cpennne. Mehytum, Jlan u cap.
Cy, y OJHOCY Ha Haule pe3yiTare, umanu Buily mnpeBaneHuujy iMLSb ¢enoruna xon
OONHMYKMX y OJHOCY Ha amOynaHTHe wH3onare craduiokoka (86,5% mpema 13,4%

pecnekTuBHO) [294].

Y OoKBHpY Hallle CTYIHje CMO MOJICKYJIADHOM aHAJIM30M HACHTHU(UKOBAIN msrA TeH, KOjU
KOJMpa aKTUBHY e(iyKc mymiy Koja crapuiokoka, kao HajppexkBeHTHUjU (35%) MLS ren
pesucrennyje. Bume ox monoBMHE HAmMMX H30JaTa CTa(QUIOKOKAa PE3UCTEHTHHX Ha
MaKpoJIUE Cy HOCUIIM msrA TeH Kao MOjeAMHAYHN WIH Y KOMOMHAIU]H ca erm reHnma. Jlpyre
CTyIMje cy uMane ciauane pesynrare Hamww [310, 311]. Y Hamoj cryauju je ermC ren 6uo
Hajuemhu o1 CBUX erm T'eHa, KaKo KOJ| U30JaTa BpcTe S. aureus, TaKO UCTO U KOJ KoaryJjas3a-
HeraTuBHUX cradmiiokoka ca cMLSb wim iMLSb deroruriom pesucteniyje. CnuaHe moaTke
cy o0jaswmu u [lag u cap. [312]. Hucky dpexsenmujy ermB rena koa craduiokoka Kojy cMo
MMaJjy y HaIoj cTyauju, umanu cy u Kotuno u cap. [313]. Y mureparypu, ermA u ermC TeH
JOMHHaHTHO AetepmuHuiry MLSb pesucteniujy ko cTapuiIokoka U Te TeHe UHAYKYjy 14-
WIAHK MaKpOJIUAU (EpUTPOMHUIIMH) M JIMHKO3aMu[ (LEJEeCTHLETHH), aaud He U 16-wiaHu

MakpoJuI ¥ TMHKOMUIMH [314]. V Haioj cTyauju je camo Manu 0poj n3onara craduiokoka
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ca [nuA u IsaA reanma umano petku LSa/b ¢penotun pesncTenmnyje, mro je y cariJacHOCTH ca
pesyartaruma u3 ctynuja Jlozana u Jlenra [262, 315]. Hajuemrhe nerekToBaHe KOMOWHAITH]E
reHa Kkonx craduwiokoka y Hamioj cryauju owne cy ermC+msrA/B, ermB-+lsaA n
ermB+msrA/B. Kao mTo je u odekuBano, uaeHTudukoBanu cMo Hajsehu Opoj koMOMHaIMja
reHa pe3uCTEHIH]je KOl METUIIMIINH-PE3UCTEHTHUX H30JaTa craduinokoka. KomOuHnanuje rena
pe3ucTeHIje Koje cy nocebHo 3abenexeHe Mel)y M3onarnMa cTadUIIOKOKa U TO HAPOUYHUTO
METHLWINH PE3UCTEHTHHM CTapUIOKOKaMa, IMOCToje M y CTyAMjaMa apyrux ayrtopa [316].
Taxobhe, ncToBpeMeHO NpUCYCTBO ABa Win Bume MLS reHa pe3ucTeHiuje y uCToM H30J1aTy
cradmimokoka ko MRSA n MRKNS u3onara O0oJHMYKOT Mmopekia Ouio je 3adenexeHo y
Aprentunn, CAJl u Ilomckoj [240, 317, 318]. Hacynmpor HammuM oOuyeKMBamuUMa HHje
MOCTOjasia 3HauajHa pa3liiKa y y4ecTalloCTH M3ojara cTaduiIoKoka ca komOuHanujom MLS
resa uzMel)y 6onHnukux u amOynanTHHX cojeBa (p > 0,05). Kox 9,8% nammux m3onata ca
iIMLSb, M/MSb nnu LSa/b heHoTHIOM pe3ucTeHIyje HICMo uaeHTH(GuKoBanu Hujenan MLS
reH pesucreHnyje. Ca CIMYHUM ITUCKpenaHiaMa u3mel)y GeHoTHIIa 1 TeHOTHIIA PE3UCTEHITH]e

Cy ce CpeTalu U y JpyruM ctyadjama [299, 300].

Behu npouienar msrA/B rena cmo uaeHTH(dUKOBaIN KoJ M3o1ata MS craduinokoka y 0HOCY
Ha MR cradunokoke. Pe3ucTennmja Ha Makpoiuae Kao Mocleauna eKcnpecuje msrA reHa
Ouiia je mpeBaJieHTHH]ja KOJI KoaryJia3a-HeraTuBHUX CTadUIOKOKa HeTo Koa S. aureus. CITu4aHA
MOJIAIU TTOCTOje M 'y CTyIuju 3MaHTapa u cap. [319], 1ok je y npyrum cryaujama [193, 320,
321] croma 3actymubeHoct msrA/B rena Onna paznumauTa y oqHoCy Ha Hamry. [Ipema cryamju
[322] u3 2006. rogune, yTBpheHoO je na je cTaQuIOKOKHU msrA TeH, KOjU KOAUpa MaKpOJIH/I
eduIyKC IpOTEenH, HISHTU()UKOBAH KO/ jOII TPY HOBA poja ['paM-TIO3UTHBHUX U jeJHOT poaa
I'pam-HeraTuBHUX OaKkTepHja, yKJbyuyjyhu U poJl eHTEpOKOKa U cTpenTokoka. OBU msrA reHu
cy nokasusanu o1 99 no 100% noxynapaoctu ca msrA reHoMm u3 ctapuinokoka [322]. V Hamoj
cryauju, ermA (16,7%) u ermC (16,6%) ren cy 6mnn Hajuenthe uneHTndukoBanu kox MSSA
usonara. Mehyrtum, Bect u cap. [323] cy neTekToBalld ermA TeH YriaBHOM KOJ| M30jaTa
MRSA, nox je xon mux ermC TeH y HajBeheM IpomeHTy OHO 3acTyIUbeH Mel)y m3oiatuma
MRKNS. V namum pesynratuma je ermB ren 6uo nomunantas (8,3%) koqn MRKNS u3onara,
JOK y ctyauju byuamuja u cap. ermB reH HHje yoninTe AeTeKToBaH Koj cTaduiokoka [324].
InuA ren cmo nHajuenthe (12%) unentudukoamu kog MSKNS u3o0ata, a roTOBO HIACHTUYHE
pesynrate cy noounu u JIuna u cap. y cBojoj ctyauju [325]. Mu cMo 110 IpBHU My T JAETEKTOBAIH
IsaA ren (2 w3onara, Tj. 1,1%) Kao nmojeqMHAaYHM I'eH KO M30Jata S. aureus. IsaA reH koa

EHTEepOKOKa Konxupa nporenH cnudyadH ABC Tpancmoprepuma, Koju u30allyjy JIEKOBE KOju
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npunanajy MLS rpynu antubmnoTrka u3 6akrepujcke hemuje [135]. IsaA ren xao ypolheHu rexn
BpcTe Enterococcus faecalis je moka3ao BUCOKH CTETIEH CIMYHOCTH HOBOM I'€HY KOjU KOJHpa
ABC Ttpancnoprep (/saE ren koju je Beh maentuduxoBan koj craduinokoka). [IpeHomeme
reHa pe3UCTeHIMje ca eHTepokoka Ha S. aureus je Beh obpaheHo y murepaTypu, U TO reHa
pe3ucTeHnuje Ha TeTpaiukiuH fefl u tpumeronpum dfiK [257]. Unak, [saA reH xoju Boau
nopekyio u3 O6akrTepuja pona Enterococcus spp. nocall HUje UASHTH(PHUKOBAH KOJ OakTepwja

Bpcte S. aureus [139].

V namoj ctynuju je M/MSb peroTHIT pe3ucTeHIrje KoI n3oiaTa crad)miIokoKa yriiaBHOM 010
nerepmunucan msrA/B reanma (95,6%), nok je LSa/b ¢penotun yriaaBHOM OMO J€TEpMHUHUCAH
InuA renom (56,3%). ermC (29,4%) u ermA (25,5%) TeH cy y Haloj CTyIWju Owin
HajIPEBAJICHTHUJU T10jeIMHAYHU T€HHU KOju cy nerepmunucanu iMLSb ¢enorun. ¥V apyrum
cTyamjama, yuecranoct ermC M ermA TeHa ce paznukoaia o Hame [299, 300, 320, 326, 327].
Mehytum, kox Hac je ermC 6uo Hajuenthu reH (28,9%) xox u3onara cradpuinokoka ca cMLSb
(hEeHOTHUTIOM PE3UCTEHIIN]E, CIIMYHO pe3yaTaTiMa 00jaBJbeHUM y CTYIHUjH U3BEICHO] Y bpasuiy
[328]. Y namoj cryauju je cMLSb deHoTHT OO0 KapakTepucTUYaH MO MPUCYTHOCTH BEIMKOT
Opoja xomOuHanuja rena: ermB+isaA, ermC+msrA/B u ermB+msrA/B. OBaj Tpenn je 6mo
noce6HOo kapaktepuctnyad 32 MRSA u MRKNS cojeBe, koa kojux oBe KoMOHMHAIM]je TeHA
JIOMHHAHTHO neTepmMunuinry cMLSb genoTun. ¥ ckmamy ca 0BOM OIcepBallyjoM je ¥ 1MoaaTak
nma cmo kxoxn jemHor MRKNS coja mpoHamumm KOMOMHANIHMjy 4YaK YeTHPU TeHa
(ermB+InuA+InuB+isaA). Xocennn u cap. Cy MMalH CIMYHE PE3yJITaTe y CBOjOj CTYIHjH
[329]. Capoy u cap. cy y CTyIuju u3BeneHO] y ['pukoj mpBu uaeHTH(PUKOBAIN KOMOWHAIIN]Y
IsaE+I/nuB xonm MeTMUWIMH CEH3UTUBHOT S. aureus Koju je mokasuBao LSa/b denorun
pesuctennumje [330, 331]. OBa IsaE+/nuB xomOunanuja rena je seh onucana kox S. agalactiae

[332] u E. faecalis [333], miTo ToBOpHM 0 Moryhem nopekiy Te kKoMOuHaIuje.

S. pneumoniae, 6akTepyja Koja je TO3HATa M Ka0 MTHEYMOKOK, BojiehH je y3pouHHK aMOyTaTHUX
ITHEYMOHH]ja IITUPOM CBETa M je[aH je O]l TIIaBHUX yOwuIla Jere cTapocTH A0 5 rogauHa. pyra
o0osbemha M3a3BaHa OBOM OaKTEpHjoOM YKIbYy4yjy uecTe Ornare mHQeEKIrje Kao IITO je ymana
Cpelmer yxa, alu Takole ykJbydyje ¥ MHBa3MBHA 000JbEHa Kao MTO je MeHWHTHTHC. Mely
0aKTEepHjCKUM y3pOUYHUIIIMAa MEHUHTUTHCA S. pneumoniae ce MoBe3yje ca HajBUILIOM CTOIIOM
CMPTHOCTH U BEJTMKUM HEYPOJIOIIKHM CEKBeJIaMa Iocie n3ieuema. [IneyMokokHe nHpeKImje
Cy YIJIaBHOM KapaKTepUCTUYHE 32 MOIyJIalujy HajcTapujux 1 Hajmuahux [334]. [Ipema jenHoj
nporieHn uHbeKnuje S. pneumoniae Cy y cBeTy usaszpane 826.000 cMpTHHX ciiydajeBa KO AeTie

crapoctu u3Mely 1 u 59 mecernnm [101]. I[THeyMOKOKe ce 4ecTO Hajla3e KOJl aCHMITOMATCKUX
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Ha3o(apuHTeaTHUX KIMIIOHOIIA, YHja TMPEBAJICHIIM]a BapuUpa 3aBUCHO OJ] TOMHA CTAPOCTH U
MOCMaTPaHOT PEerHoHa. ACHMIITOMATCKO KJIMIIOHOIITBO j€ OJTrOBOPHO YIJIABHOM 3a IIMPEHE
OakTepuje yHyTap rpymna, KakBe Cy HIp. BpTUNU WM cTapadyku TOMOBU. Pesuctennuja Ha [3-
JaKTaMCKe aHTUOMOTHKE KOJ KIMHUYKUX H305aTa S. pneumoniae ce CTBapa YIJIaBHOM
Ta4KacTOM MYTalldjOM T'eHa KOju KOAWMpajy NmeHuIminH-Be3yjyhe nporeune (PBP), jenne ox
CYIITUHCKUX KOMIOHEHTH henujckor 3uma. Benwku Opoj BUIIECTPYKHX MyTalyja KOJ
pasmuuntux PBP nmoBomu o mosehama MuHMMamHe WHXHOWUTOpPHE KOHIGHTpAIUje 3a
NEHUIWIMH U Jpyre B-makramcke anTuOuoTuke. I[loTtpeOHO je oapeheHOM METOI0JI0THjOM
OJIBOJHTH COjEBE ca IpaJyaIHUM NoBehameM pe3UCTeHIIN]je Ha IEHUIIMIIMHE U OKapaKTepUCcaTh
ux kao "He-censzutuBHe" (NS) u pesucteHTHe cojeBe (R), Koju mMajy Ipyru MexaHu3am
pesucreHuuje. M3Bemtaju M3 pasiMuUTUX HU3BOpAa Cy HEKOH3UCTEHTHM IITO C€ THYE
o0enexxaBarba OBUX COjeBa M pa3/iBajamba JBa pa3IMuUTa MEXaHHW3Ma pEe3UCTEHLH]e.
Pesucrennyja Ha neHUIMINH je Koj S. pneumoniae 'y nepuoay uzmely 2002. g0 2006. rogune
y ®uHckoj mopacna ox 8 Ha 16%, a Ha epuTpomuiuH on 16 Ha 28%, Ha TEpUTOpPHUjU T/IE IO
1992. roguue TOTOBO Aa HUje OMIIO M30yata S. pneumoniae Pe3UCTEHTHUX HA aHTUOMOTHKE

[117].

V Hamoj ctyauju cMo uManu mManu npoueHat (9,4%) uzonara S. pneumoniae pe3uCTEHTHUX
Ha neHuipunH. [Ipema m3Bemrajy CBeTcke 3apaBcTBeHe opranusanuje u3 2013. romune,
3a0enekeHa pe3uCTeHIN]a "He-CeH3UTUBHUX " cojeBa S. pneumoniae Ha TIEHUIMIINH CE KpeTaja
on 3 o 16% y Adumwm, o 0 no 48% y Amepuiy, on 13 10 34% y UCTOYHO-MEIUTEPAHCKO]
peruju, ox 0 1o 61% y EBponu, ox 47 1o 48% y jyroucTodHo a3ujckoj peruju u on 17 mo 64%
y 3anmagHo-nanuduukoj peruju [276]. S. prneumoniae je y Hamoj cryauju mokazao 100%
OCETJBMBOCT Ha LUIPOGUIOKCALIMH, ILITO je y CKIagy ca pe3yiTaTUMa JIpyrux ayTopa, Koju cy
3a0eJIeXnIIM HUCKY PE3MCTEHIUjy oBe Oakrepuje Ha QuryopokBuHonoHe [335, 336]. Hamm
uzonatu S. pneumoniae cy 100% Ounan oceTI/bUBM HAa JUHE30JIMJ W BaHKOMHIUMH. Wnak, y
HekuM pagoBuma [119, 120, 337, 338] Ouo je 3abeiiexkeH BEIMKW MPOIICHAT M3oiara S.
pneumoniae PE3UCTEHTHUX HA NMEHUIWIMH U 110jaBa PE3UCTEHIIHM]€ Ha BAHKOMHIIMH. Y HAIIO]
CTYyAHMjH CMO MMaJldi BHUCOKY DPE3UCTCHIIM]y Ha epuTpoMHIMH (65,6%) mehy mzonmatuma S.
phneumoniae, ITO ce MOKJIana ca nogauuma 3a CuHramyp, HeKe JeiioBe nanudpuuke Asuje,
jyxuae Adpuxe u [lencunsanuje [200, 338, 339], anu He U ca nmomanuma 3a 3eMJbe EBpore,
CA]Jl, Uzpaen, Kanany, Pycujy u Jlatuncky Amepuky [340, 341, 342]. Pe3ucrtennuja Ha
KJIMHIAMHULMH KOJl Halux u3onara S. pneumoniae (35,9%) je Ouna MHOro HMXa Of OHE Y

Jlaturackoj Amepuiu u Jyxxnoj Kopeju [200], anmu je Onna 3HauajHO BUIA 01 oHe y Mrtamuju,
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Kanamu, CAl, U3paeny u Pycuju [338, 341]. Kon uzonata S. pnemoniae cMLSD je xon Hac
ouo nommHaHTaH heHotunnt MLS pesucrennmje (35,9%), mTo je carmacHo ca pesyiaTaTuMma
aytopa u3z Unauje, Pycuje u Utanuje [218, 341, 342], kao u ca pe3yiATratuma Jpyrux ayTopa

u3 Cpowuje [343, 344, 345].

S. pyvogenes Hajuenthe n3za3uBa HH(PEKIHje TOPHUX peCIUPATOPHUX ImyTeBa. OH jé CTPUKTHO
MaToOTEH 3a JbYJe M M3a3MBa BEIHKH OpOj pasmMuuTHX 000JbEHa Kao MTO Cy: (apuHTUTHC,
nH(eKIrje KOKEe U MEKOI' TKMBa, UMIIETUrO, OakTepujeMuje, Hekpotusupajyhu dacuumruc,
ny0oke HH(DEKIMje MEKOT TKUBA, IIETYJTUTHC, THYMOHH]jE, TOKCUYHOM IIOKY-CITUYaH CUHIIPOM,
napiax, peyMaTcKy IPO3HUILY U MOCTCTPENTOKOKHU riomepynoHedputuc [346]. Kon n3onara
0eTa-XeMOIUTHYKUX CTPENTOKOKa UMaiii cMo JieTekToBaHy 100% oceTspuBOCT Ha MEHULIMINH
W BaHKOMHIIMH, IITO CE€ IMOAyJapa ca pe3yiTaTuMa 00jaBJbeHUM Y BEJIMKOM Opojy IpYyrux
panoBa [347, 348]. Mako je meHUIWINH JIeK U300pa y Tepanuju GpapuHTUTHCA H3a3BAHUX S.
pyogenes OakTepwjoM, MaKpOJUAM CE€ UYECTO IMPErnopydyjy Kao 3aMeHa y CIydajy
MPEOCETIHUBOCTH MalljeHaTa Ha neHuine. 43,9% u3onara S. pyogenes je y Halloj CTyAUjH
OHMJI0 PE3UCTEHTHO HAa EPUTPOMHMIIMH, IITO je Y CarjlaCHOCTH ca pe3yiTatuMma U3 JpyTux
crynuja [349, 350, 351]. Croma pe3ucTeHIMje HA MaKpoJIuae Koj S. pyogenes je y CBETY
HeKkaja Owiia HUCKa, Me)yTUM, OUUTIIE/IaH je HEeH TOopacT IMITO je BUAJBMBO Yy pe3ylTaTiMa
CTyIWja U3 pasnuuuTux 3eMasba: Ouncke, Utammje, Kopeje, [lInanuje u Tajnanga [351, 352,
353, 354]. On yBohema HOBUX MakpoIH/Ia y TEPAIHjCcKe CBPXE, AOILIO je A0 BEITUKOT IOpacTa
PE3UCTEHINje KOJ CTPENTOKOKAa, INTO j€ BEPOBATHO IMOBE3aHO Ca HHHUXOBOM IPETEPAHOM
ynorpebom. [Ipema cryauju ypahenoj y Cp6uju ox ctpane IlaBnoBuhke u cap. Makpoiua
PE3UCTEHIIM]a KO n30jaTa S. pyogenes owmna je Mmama o1 10% [355]. TakBa cToma makpom
pe3uCTeHIM]je TIOCTOJU U Y APYTUM €BPOIICKUM 3eMJbaMa U3 Haller OKpyxkewa: DpaHIlycKoj
[356], AycTtpuju u Mahapckoj [357]. Hemro Beha cronma makponui pe3ucTeHnuje Kop S.
pyogenes 3abenexena je y Hemaukoj [358], ['pukoj [359] u lnanuju [360]. 3a pasnuky of
3eMajba ca E€BPOICKOT M aMEepUYKOT KOHTHHEHTa, y 3eMJbama Asuje, moceOHo y Kunwm,
pe3uCTeHIM]ja Ha ePUTPOMUIIMH KOJ S. pyogenes je jako Bucoka u kpehe ce m3mehy 78% u
94%, BepoBaTHO Kao mocienuia nosehane u HeajekBaTHe ynoTpede Makponuaa [361, 362,
363]. MHuuaeHnuja pe3ucTEHIMje HAa MakKpoJWJE je BHUCOKO BapujaOWIIHA W 3aBHUCH O]
reorpad)CKOT pernoHa, OJHOCHO, yIIOTpeOe MaKpOJIH/Ia y TOM PETHOHY U ThIa nHpeKIuje [364,
365]. U3 oBux paznora, npaheme yuecTaloCTH pe3uCTeHIMje Ha MAaKpOIHJIE U Pa3ImIUuTHX
MeXaHH3aMa Pe3UCTEeHLMje Ha JIOKAJTHOM HUBOY j€ OJ] CYIUTHHCKE Ba)KHOCTH 3a YTBphUBame

eMIupujcke Tepanuje. Pe3ucreHnMja Ha KIMHIAMUIMH KOX S. pyogenes y HalieM
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UCTpaKUBamY je Omia Mama Hero y HekuM aenoBuMa Kune, JlatBuje u A3uje, anu 3Ha4ajHO
Beha y ogHocy Ha Kananmy, Mekcuko u Heke eBporicke 3emibe [358, 361, 366, 367]. Hajpehn
MPOIICHAT HaIMX u3oiata S. pyogenes je umao M/MSb ¢enorumn pesucrenmmje (18,9%), mro
je y carmacHoOCTH ca pe3yJTaTuMa ayTopa Koju cy mpaTuiu quctpudynujy MLS ¢enotunosa
pesucteHnuje kon S. pyogenes Ha Teputopuju CpoOuje [343, 355]. CarmacHu Hammm
pe3ynratuma Ccy U pe3ylTaTH cTyauje u3BeaeHe y Mranuju, Ha uzonatuma S. pyogenes [368].
VY cknamy ca HamuM pesyitatuMma, rje je M/MSb ¢eHoTHn NTOMHHAHTaH W CaMO Maiu
mporeHaT u3onara je umao MLSb ¢heHnoTHIT pe3rcTeHIrje Kol CTPENTOKOKA Tpyre A, 0w cy
u pesyaTaru aytopa u3 ['puke [359], Aycrpuje u Mahapcke [357], Hemauke [358], Lllmanuje
[360] u Aprenutune [369].

S. agalactiae ce nmanac cmarpa BojehuM y3pOUYHUKOM CENTHUKEMHja U MEHHUHTHUTHCA KOX
HOBOpol)eHYaIM 1 TPy IHUIIA, a TOBE3Yje ce ca MacTuTucoM kpasa [370]. U3onaru S. agalactiae
Cy y HaIloj CTyIWjU TOKAa3ald M3y3€THO BHCOKY PE3WCTEHIMjy HAa T€HTAMHIUH, JIOK je Y
JIPYyTUM PErHOHMMa CBeTa 3a0eje)KeHa 3HATHO HMKA PE3UCTCHIMja Ha TeHTaMHUIIMH Mehy
n3onaruma crpentokoka [371]. Y Hammoj ctyaunju, Hajeehy pe3ucTeHnnjy Ha TunpodIoKcalnH
nocie craduiIoKoKa IOKa3aluu Cy M30i1atu S. agalactiae, 3aTUM Cy CIEIWIN H30JIaTH S.
pyogenes, 1OK Cy HajMamy PE3UCTEHIIN]Y IMOKa3aJId U30J1aTH eHTepokoka. Kon npyrux ayropa
pe3ucTeHIyja Ha GIIyOpOKBUHOJIOHE je Ouna 3Ha4dajHo Hroka [372, 373]. [Tpubmmkao Tpehuna
(31,3%) nmammx wm3onara S. agalactiae je Owia Pe3UCTCHTHA HA CPUTPOMHIIMH, & CIUYHE
pesynTare cy umanu Kamnen u npyru aytopu [199, 374], nox je na Tajsany u y Jlynsujanu Taj
nporieHat 6wo 3HaTtHO Behu [375, 376]. Y Hamioj cTyAuju je pe3ucTeHIMja Ha KIIMHIaMHAIIHH
kon S. agalactiae 6wita maoro Hmwka (20,7%) ox one y Tajpany [375] u Jyxuoj Kopeju [377],
aJu BUIIa O]l OHE Yy eBpOICcKUM 3emibama [373, 378], 3emibama snatuacke Amepuke [379] u
Wzpaeny [218]. V namoj cryauju je Hajuemthu MLS ¢geHoTHN pe3ucTennuje Kox u3onara S.
agalactiae 6uo cMLSb (14,7%), cnmuaHo kao 1 'y HeKUM 3emibama Asuje, EBpone n Jlatuncke
Awmepuke [218, 373, 379, 380]. LSa/b ¢deHoTHI je onucaH y IpyruM CTyaHjaMa Kao peaak
tdenorum [141, 169, 261, 379, 381, 382, 383] mel)y uzonatuma S. agalactiae, a carnacHo ca

TAM U MU CMO Y HaIloj cryauju uMmanu 9 nzomnara (6%) S. agalactiae ca oBuM eHOTHIIOM.

I'paM-io3uTHBHE KOKE poja Enterococcus Spp. Cy HOpMaJIHU CTAHOBHUIIM IIPEBA JbY/IU U YHHE
on 0,1 1o 1% racrpounrectunanue Oakrepujcke ¢uope. 'onuHama ce noBehaBanga BaKHOCT
EHTePOKOKa Kao MAaTOreHuX OakTepHja H3a3uBaya OONHHYKMX HHQEKIHja Kao IITO Cy
eHgokapauTuc M Oaktepujemuje [384]. EHTepokoke cy mo3HaTe W MO Op30M pa3BHjamby

pesucTeHnMje Ha aHTHOWMOTHKe [385]. YOp30 HakoH moueTka Kopuinhema NEHHUIMINHA,
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TMI0jaBUJIN Cy C€ KIIOHOBM €HTEPOKOKA PE3UCTEHTHH Ha MEHUIIWJINH, U OJIMax 3aTUM moTpeda 3a
IpYrUM aHTHOMOTHIIMMA KOjU cy KopuInheHH 3a Jjeueme HH(EKIHja H3a3BaHUX THM
KJIOHOBHMMA. J[aHac €HTEPOKOKE MOKa3yjy BUCOK CTENEH PE3UCTEHIUje Ha XJIOpaM(pEHHKOI,
epUTPOMULIMH,  KIMHIAMHUIMH,  TETPAUUKIMHE,  AMUHOIVIMKO3WJAE,  IECHUIWINHE,
(1yOpOKBHHOJIOHE M BaHKOMULIMH. EHTepokoke mocenyjy ypoleHy pe3uCTEeHLM]y Ha HEKe
anTubmnoTuke. OBe OakTepHje Cy ypoheHo Mame OCEeTI/bHBE Ha MEHUIMIMHE U 1Ie(aoCIOpHHE
y OJTHOCY Ha JIpyre CTPENTOKOKE. Y3 TO, EHTEPOKOKE Cy PE3UCTEHTHE Ha KIMHIAMUIIUH U Ha
AMHHOTJIMKO3WJE, OJHOCHO TIOCTHUTHYTE KOHILEHTpAalHMjeé aMHHOTJIIMKO3HUIA y CEepyMy
yobnuajeHnM no3upameM. Kana ce armkyjy caMmu, aMHHOTJIMKO3UI HE MOTY Ja Mpohy Kpo3
henwjcku 3u eHTEpOKOKa. MehyTum, kama ce 1ajy 3ajeHo ca aHTHOUOTHITMMA KOjH JIeTy]y Ha
cuHTe3y henujckor 3uaa, Kao IITO Cy AaMIUIWIMH WIM BaHKOMMILUH, J€JIOBaHke
amuHorMKo3ua ce noBehasa [385]. CtedeHa pe3ncTeHIMja €HTEPOKOKA Ha TIMKOMENTH/IE,
Koja je mpBu myT 3abenexeHa 1986. romuHe, mocrana je BakaH mpooOsieM y OoiHUIAMa.
VYdecTanocT TIIMKONENTHA-PE3UCTEHTHUX EHTEPOKOKAa je TMpaTWiia MHOTO YYeCTalujy
ynotpeOy BaHKOMHUIIMHa y Jeuery MRSA cojeBa moyerkom 1980-tmx. Ilporenar
PE3UCTEHTHUX CHTEPOKOKAa HAa BAaHKOMHUIIMH y jenuHHnamMa uHTeH3uBHe Here y CAJl-y ce
mosehao ox 0,3%, 1989. romuue mo 24%, 1998. romuue [386]. AMOyJIaHTHH COjeBH
€HTEPOKOKa PEe3UCTEHTHOI Ha BAHKOMUIIMH Cy OMIM MHOTO Mame 3a0enexenu y CA/l-y Hero
y EBpomnu, moryhe 36or tora mro y EBpornckum 3emsbama XpaHa 3a KHUBOTHEE CaIpXKH

BaHKOMMITUH [386].

VYdecTanocT pe3nucTeHIje Ha ISHUIWINH KOJ u3oiarta Enterococcus spp. y Halloj CTyIUjU
(2,9%) cnuana je pesyaTatuMa Ja00ujeHuM y apyrum cryaujama [387, 388]. Pesuctenmnujy Ha
BaHKOMHUIIMH o7 0,6% cMO 3a0eneXniy 1 KOJ HallluX W30J1aTa €HTEPOKOKa, JOK PE3UCTEHTHE
COjeBe Ha JINHE30JIMT HUICMO MIPOHAIIUIH, aJTi Cy OMJIM NIPUjaBJbEHH Y PAJJOBUMA HEKUX IPYTUX
ayrtopa [131, 387]. Pesuctenuujy on 22,2% Ha nunpo¢IoKCav CMO y HAIllOj CTYAUjU UMaJH
KOJI M30JIaTa €HTEPOKOKA, & CaMO HEUITO MaJlo HIXKY PE3UCTEHIH]y Ha (IyOpPOKBHHOJIOHE CY
umaym El-Kersh u cap. [387]. V Hamioj cTyauju je koa usonara Enterococcus Spp. BUIIE 0J1
80% OmI10 PE3UCTEHTHO HA EPUTPOMHUIIUH, IITO j€ CIIMYHO Pe3yJiTaTuMa IPyrux aytopa [388,
389]. Bucoku cTemneH pe3ucTeHIije Ha KIIMHIAMHUIMH KOjH CMO MMaJil y HaIllo] CTYIHjH KO/
n3ojaTa eHTepokoka (96,7%) je odekuBaH, 300rT ypoleHe pe3UCTEHINje Ha KIMHIAMUIIHMH
KoAupaHe [saA TeHoM, KOju je neo reHoMa Oaktepuje E. faecalis [219]. Y nHamioj cTynuju je
cMLSb ¢enorun pesucrenunje 6uo Hajyuectanuju (78,4%), 3atum je cneauo LSa/b (18,4%)

(heHoOTHII, KOjU je KO IPYruX BpcTa 610 pele 3acTyIIbeH WK HUje yOIITe OUO IETEKTOBAH.

98



JUCKYCUJA

VY Hamoj cTynuju je KOI eHTEPOKOKa MpPOIICHAT M30JaTa OCETJFMBUX HA EPUTPOMHIMH
KIMHaaMuH 0o camo 0,8%. MuH u cap. Cy IMalid pe3yiaTaTe KOju ¢y ¢e OUTHO pa3IuKOBaIN
0J1 HaIMX, 071 241 epuTPOMUIIMH PE3UCTEHTHOT COja eHTEPOKOKa, 39% je Ko/l ’bUX MOKa3uBajo
cMLSb ¢enorun pesucrenuuje, a ocranux 61% iMLSb [390]. Pejec u cap. cy y cBoM
UCTPaXXMBamby JOILIH 10 pe3yJITaTa CIMYHUX HAIIUM M CBU FbUXOBH M30JIaTH EHTEPOKOKA KOjH
Cy OMJIM PE3UCTEHTHH Ha €PUTPOMUIIMH Cy HOCWIIU ermB TeH, IOK HHjelaH BHXO0B U30JIaT HUje

nocenoBao mefA/E ren [389].

Kana mocmarpamo eHTEpOKOKE M CTPENTOKOKE 3aj€HO y Halllo] CTYAUjH, Haj3acTyIJbEHHU]H
(denotun pesucteHnrje Koa wUX je 6uo cMLSb. Mu cmo wmanu Benuku Opoj M30jara
OCETJbMBHMX Ha Makpoiuzae u jauHkoszamuzae. Hamm MLS ¢denorunosu pesucrenHuuje cy
YTJIaBHOM HACTaJIM IMOCPEICTBOM IOj€AMHAYHOT T€Ha, a TO ¢y Hajuemthe ounu IsaA (42,0%) u
ermB (34,8%) ren. Mehytum, oBH (EHOTHIIOBH Cy Takohe OWIM JETepPMHUHUCAHU W
KoMOWHaNyjamMa J1Ba WIM BUIIE T€Ha PE3UCTEHIM]je, a Hajuemhe NeTeKTOBaHEe KOMOWHAIM]je
reHa oune cy lnuA+isaA (5,2%) u ermB+lsaA (4,5%). llImui v cap. Cy AOUIUIH O CIIMYHUAX
pesyaTata y cBojoj crynuju [391] aHamu3zoM 75 epUTPOMUIIMH PE3UCTCHTHHX H3ojiata F.
faecium. Kon oBux aytopa ermB je Ouo HajyuecTanuju, 0K je ermA TeH 610 uaeHTU(PUKOBAH
KOJI Masior mpoueHTa u3onata (4%). Vctu ayropu cy umanu u koMOuHauujy ermA u ermB
reHa pesucreHuuje koa 3% u3onara. Y Halloj CTyAUjU CMO ermA reH UIeHTH()UKOBAIN KO
camo aBa usoinara (4,9%) S. agalactiae, nox ermC TeH HUICMO HJCHTH(MUKOBAIN HA KOJI jETHOT
M30J1aTa EHTEPOKOKA U B-XxeMoJIMTHIKOT cTpentokoka [391]. ermB reH je y HalIoj cTyauju 6uo
HajydyecTanvju mehy uzomaruma S. pyogenes (45,5%), a ciiuuHe pe3ynTare cy UMajau U ApyTra
aytopu [350]. Ilo Pobeprcy, renn koju komupajy Erm meTmiiaze ce Mory pas3imKOBaTH
Mel)ycoOHO U MOry ce XOpM30HTAJIHO NPEeHOCUTH Ha Jpyre I'pam-no3utuBHe Oakrepuje. [lo
2012. ronuHe OWIIO je mo3HaTo 34 erm T€HA W CBU OCUM J[Ba Cy OWMIM WICHTH(PUKOBAHU KOJ
I'pam-no3utuBaEx Oaktepuja [392]. Hajpacmpoctpamenuje kimace erm rena mely ['pam-
MO3UTUBHUM Kokama cy ermA, ermB u ermC [393]. [locToje paznmke uzmel)y cBake Kiace erm
TeHa W OJTHOCE Ce Ha BPCTy OakTepwja rae ce Hajuemhe Tv TeHN uAeHTUGUKYjy u Ha MLSb
(heHoTHIT pe3ucTEHIM]E KOJU OHU JeTepMuHuly. CBaKu erm T€H je JOMUHAHTHO MOBE3aH ca
jEeTHUM WK J1Ba poJia OaKTepHja, alny HHUje OrpaHu4eH caMo Ha Bbux [392, 393]. ermA reH ce
4ecTo MoBe3yje ca Staphylococcus spp., au je JeTeKTOBaH Ko/ join 4 poja ['paM-TI03UTHBHHAX
KOKa, ykibyuyjyhu poa Streptococcus n Enterococcus. ermB reH yriaBHOM J€TepMHHUILIE
MLSDb ¢enotun pe3ucteHiyje Koj CTPENTOKOKa, ajH je OTKpUBEH KoJ jom 17 pogosa ['pam-

no3utuBHUX Oakrepuja [392]. HajpacnpocTpameHuju W KIMHUYKH jako BakaH MLSb ren
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pesuctenmyje ko I pamM-mo3uTuBHUX KoKa je ermC, KOju je HACHTH(PHUKOBAH KO/ jOII HajMamke
13 ponosa ['pam-nio3uTUBHUX OakTepHja U yriiaBHOM nerepmunuiine MLSb pesucteHnujy koa
craduokoka [392]. Yak u kana je Erm MeTunanuja ycariamiena ca pesucrennujom Ha MLSb
aHTUOMOTHKE, eKCIIpecHja erm IreHa 3aBUCH O MPUCYCTBA MHIYKTOPA, a TO ¢y Hajuemthe 14-
YjIaHU U 15-wiaHu MakpoJuIy, Kao IUTO Cy €pUTPOMHUIMH U asuTpoMuiMH. OTya, u3oiatu
Koju nokasyjy iMLSb pe3ucrenunjy mory OUTH OceT/bHBH Ha 16-uwiaHe Makposuze CBE 0K
He OyIy MHIYKOBaHU HEKHM JAPYTUM jefumemeM. Mehytum, MuH u cap. cy OTKpWIH HOBE
BapujaHTe ermB reHa xox n3onata eHTepokoka. OHM Cy JOKa3aiH /1a KaJa KOPUCTUMO TUCKOBE
MMITPETHUPAHE BUCOKOM JI030M aHTHONOTHKA (epuTpoMuIiuH - 40 pg u jozamurud - 100 pug) a
HE yoOn4JajeHOM (EpUTPOMHUIIMH - 15 g ¥ KIIMHJIAMULIMH - 2 Ug), ¥ KaJla YMECTO KJIHHIaMHIIHH
JMCKa IMOCTaBUMO JMCK HMMIPErHHpaH |6-ulaHUM MakpoJUIOM Kao INTO j€ jO3aMHLUH,
MoxkeMo nooutu riMLSb ¢enotun pesuctenmmje. Y ToM oOpHyToM iMLSb denotumny
pe3ucTeHIyje, 30Ha MHXUOUIINjEe OKO SPUTPOMUIIMH J¥CKA je 3apaBmeHa NpeMa jo3aMHUITUH
JMCKY, W 32 Pa3lIuKy OJl CHUTyaluje KaJa epUTPOMHIMH IPEICTaBJba HHIYKTOp, OBJE je
CHaOXHHMjH MHAYKTOp l6-wranm makpomua. Kama cy kopumheHn TUCKOBH ca MamuUM WA
yoOu4ajeHnM J03ama aHTHOMOoTHKa, cBM u3onatu ca riMLSb ¢enotunom cy moxasuBanu

naxHu cMLSb dpenorun pesucrennuje [390].

Kataja u cap. y @unckoj [216] cy ananuzupanu 45 epUTPOMUIIMH PE3UCTEHTHHUX HM30JaTa S.
pyogenes, A CBU BbUXOBHU H301ati ca M/MSb (penoTunom pe3nucTeHunuje cy mocenoBaiu mefA
TeH, JOK je jeJlaH M30JIaT, Koju je mokasmBao MLSb ¢enorun pesucrenumje, nmao ermTR.
ITopacT nporienTa M (peHOTHITOBA pE3UCTEHIM]E U CMamkeme nporieata MLSb dhenotumnona
KOJI CTPENTOKOKA TIOBE3aH j€ ca MmopacToM yroTpede ayroaenyjyhux makponuma Hakon 2001.

roJIMHe, KOjU MMajy BUCOKH MOTEeHIH]jal ceneknuje ermB rena [394, 395].

Y wamoj cryauju cy nuA (6,7%), [nuB (3,3%) u IsaA (50%) renu 6w y Hajpehem nporneHTy
3aCTYIUBEHH KOJl H30JIaTa EHTEPOKOKAa, JOK Kao TMOjeJUHAYHH TEHH HHCYy OWim
naeHTU(UKOBaHU KOJ m3ojiata S. pyogenes. [saC TeH HUje MASHTU(UKOBAH HU KOJ jeITHOT
u3o0jaTa y Hamoj ctyauju. Y cryauju Ilaynune u cap. 75% wusonara S. agalactiae je umano
IsaC ten m mokasuBaio LSAP (JIMHKO3aMHJ-CTpENTOrpaMUH Tpyre A-IUI€ypOMYTHUIIHH)
tdhenotur, 18% je nmano komOunanujy nuB+/saE rena un nokazusano LSAP denotum, mro cy
npBu cinydajeBu LSAP ¢enoruna onmcanu mehy S. agalactiae y CAJl [396]. bo3noran u cap.
Cy OIHMCalli TeH pe3ucTeHnuje /nuB Koju NeTepMHUHHUINE PE3UCTEHIWjy Ha JMHKO3aMUJIEe
QJICHWIAIjOM XHIPOKCHJ Tpyne Ha JUHKOMHUIMHY | KIWHAAMUIMHY, HHUXOBOM

nHakTuBanujoM kop E. faecium [227]. Kog nekux aytopa je /nuB ren 6uo maentuduxkoBan
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KOoj Yak 15 nmuHKO3aMuja pe3ucTeHTHUX u3onata E. faecium [397]. Y Hamoj cryauju cy
KOMOWHAIIMje 1Ba WM BUIIIE TeHa PE3UCTEHIIN]je OnIIe jeTHaKO 3aCTyIIJbeHEe KO/l CBE TPH IpyTie
OakrTepuja, TOK je KomOuHaImja getupu rena MLS pesuctenmuje (ermA+ermB-+inuB+ilsaA)
HEOUCKMBAHO HJCHTU(GHMKOBaHA KOJA M3onata S. pyogenes. VIHTepecaHTHO je J1a CMO KOJ
uzonara S. pyogenes, KOA KOjuX HUCMO WACHTU(UKOBAIN HUjenan coj ca LSa/b ¢penoTunom
pe3ucreHnyje, NICHTU(HUKOBAIH TeHE KOJH JICTEPMHUHUINY Ta] ()EHOTHUII, alk Y KOMOUHAIUjU

ca erm réHuma.

Hajrehu 0poj eHTepokoka u cTpentokoka ca LSa/b (heHOTHIIOM pe3HnCTeHIH|e Cy Yy HaIloj
CTYAMjU yIIIaBHOM UMainu IsaA ren (67,3%), npyru no yuecranoctu 6uo je /nuA (9,6%), nok
j€ caMo HEKOJIMKO eHTepoKoKa nocenosaio /nuB ren (3,8%). OBu pe3ynratu cy Takohe 6uau

KOH3UCTEHTHH ca pe3yaTaTuma Apyrux ayrtopa [332, 333].

Y namoj crymuju cy ermB (33,3%) u ermA (22,2%) renu Ounm jenvHU KOjU Cy, Kao
MojeIMHAYHNA TeHH, nerepmuHucanu iMLSb deHoTHnm koj eHTEepOKOKa M CTPENnTOKOoKa. Y
CKJIaJy ca pe3yJliaTaTuMa Hallle CTyuje, rie je ermB Hajuenrhe kao nojemHauyHu I'eH KOJUPao
cMLSb ¢enotun (65,4%) Koa u30IaTa EHTEPOKOKA M [-XEMONMTHYKHX CTPENTOKOKA,
Kamneno u cap. [199] cy ananmuzom 300 uzonara S. agalactiae yrBpaunu na 21% wnzonata
nokasyje cMLSb ¢eHoTun pe3ucTeHIrje W CBH OCHM jeJIHOT H30JiaTa mocenyjy ermB reH.
cMLSb ¢enotun pe3ucTeHIMje je Y HaIIOj CTYAMjH KOJ CHTEPOKOKAa M [-XEeMOJMTHYKUX
CTPENTOKOKA, CIIMYHO CTapHIIOKOKaMa, OMO KapaKTepUCTHYaH IO MPUCYCTBY BEIHKOT Opoja
KoMOMHaINMja TeHa pesucrenurje. Hajuemha xomOuHanuja reHa KoJ THX H30iaTta Ouna je
ermB+/saA. OBaj TpeH]l je HEOUEKUBAHO HajBUIIE OMO 3aCTYIJbEH KOJ| M30JaTa S. pyogenes u
S. agalactiae, nox je mamu 6poj KoMOMHAIMja reHa OMO0 MPUCYTaH KOJI EHTEPOKOKa. Y CKiIary
ca OBOM OIICEPBAIIjOM, KOJI JeJTHOT coja S. pyogenes NETEKTOBAIA CMO KOMOMHAIIN]Y OJ1 YaK

yetupu rena (ermA+ermB+InuB+IsaA).

Hajyuectanuju MLS denotun pesuctennuje Mehly aMOyJaHTHUM W OOJTHUYKHM HM30JaTHMa
EHTEPOKOKA U B-XeMOJIIMTHYKUX CTPENTOKOKA Y Hallloj cTyAuju je 6uo cMLSb. Huje mocrojana
CTaTUCTMYKU 3HayajHa pa3IuKa y Y4ecTaJocTH ca pasnuuutuM MLS  ¢enoTHnoBuma
pe3ucrenyje u3mel)y amMOyIaHTHUX W OONHUYKHMX W30JIaTa EHTEPOKOKA U [-XeMONTUTUIKUX
CTpenTOKOKa. ermB u [saA TeH cy y HaIloj CTyAnuju OMIM CTAaTHCTUYKH 3HaYajHO yenthu Kox
amMOynaHTHUX y otHOCY Ha OomHMYKe cojee (p < 0,05). Ocranu reHn pesucTeHnuje cy ommm
NPUOJTMKHO jeTHAKO 3aCTYIIJBeHH M KOl aMOYJTaHTHHX U OOJTHMYKUX M30J1aTa CHTEPOKOKa U [3-

XEeMOJMTUYKUX cTpenTokoka (p > 0,05).
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D-tect je mpema HammM pesyntatuma mokazao 100% CEH3WTHBHOCTH Yy AETEKIHjH
VUHIYyIHOMITHE KIMHIAMULIMH PE3UCTEHIINje Ha TecTHpaHux 94 coja ['paM-nIO3UTUBHUX KOKa,
oK je crmenuduIHOCT Tecrta Omma camo 65,38%. Y Hamoj CTynuju je WHAyIUOWIHA
KJIMHJAMULMH pe3UCTEHIMja AeTekToBaHa ko 18 u3onara, mro PCR Tecrom Huje noTBpheHo
U HUje UJIeHTU()MKOBAH HUjelaH erm IeH KOJ TUX cojeBa. [103uTHBHA NpeAUKTUBHA BPEIHOCT
on 70% wHaMm yka3yje Ha Ta4HOCT MO3UTHUBHOI pe3yirata D-tecta Ha HHAYHIHOWIHY
KIMHIAMHLOUH pe3ucTeHnrjy. Huje Omimo maXHO HEraTMBHUX pe3yiTara W HeraTHBHA
NMpeIUKTHBHA BpeaHocT Tecta je Oowmma 100%. To 3Hauywm jna HeraTMBHE Hanasze D-recta Ha
iMLSb ¢enorun pezuctenuuje ko [ paM-o3UTUBHUX KOKa MOKEMO U3/1aBaTH 0€3 MPETXOAHE
motBpae PCR Tectom, mox mosutwBHE Hanaze Ha iMLSb deHoTHnm mMopaMo NpETXOIHO
notBpautu PCR tectom Ha erm rene. [Ipema oBuM Hanmaszuma camo 6u 70% on u3onara ca
no3utuBHUM D-tectoM Omno 3aumcra nosutuBHO. Ilpema apyrum ayrtopuma, D-tect je
MOKa3MBa0 UCTY OCETJBUBOCT Kao M y Hamoj ctyauju (mpubmmwkao 100%), npu uemy cy oHH
KOPUCTHJIN pacTojame n3Mel)y muckoBa ox 12 mm. @ubenkopH u cap. Cy Cyrepucain Aa Ha
oceTJbMBOCT D-Tecra OWTHO yTHYe pacTojambe u3Melhy [HCKOBa EpUTPOMHIMHA U
KIMHIaMuuHa. Takohe, mpemMa MCTUM ayTOpHMa, OCETJBUBOCT D-Tecta je 3aBHCHIIA U O]
BpcTe ucnutuBanux Oaktepuja [193]. Ko apyrux aytopa, ocersbuBocT D-Tecta ca 15-20 mm
pacrojama n3Mely AMCKoBa epUTPOMMLIMHA U KIMHIaMULMHa, Omia je 100% y nopehemwy ca

PCR ananuzom erm rena [239, 240].

Ha mojaBy nucke cnemmduunoctn D-tecta yTumana je YMmbeHUIA Ja Cy HEKH W30JIATH y
CTYJIMjU TIOKa3WBalli Heciarama u3Mmely deHoTuna M reHorura pesucTeHnuje. Y HalieM
ciydajy, UMajli CMO H30JIaTe ca uiaeHTU(hUKoBaHUM msrA/B, [nuA u [saA TreHOM, Koju Cy
MOKa3UBaIN OCETJHUBOCT Ha EPUTPOMHUIIMH U KIUHAAMUIMH. 3MaHTap u cap. [319] u Kytumo
u cap. [313] cy ce Takolje cperany ca OBOM I0jaBOM y CBOjUM UCTpPaXKMBambUMa U OHH Cy OBaj
(heHoMeH o0janmaBalii THME JIa CE OH jaBJba 300T MPoOJIeMa Yy HUCXOJTHO] PETyJIaIliju reHa
WM 300T MyTalyje y peruoHy mpoMoTepa HAeHTH()UKOBAHOT TeHa pe3ucTennuje. Hacynpor
tome, MaptuH 1 cap. [398] cy mokazanu Jia TaKBH COjE€BU KOJU HOCE T'eHE PE3UCTEHITH]E, a HEe
MOKa3yjy HU jenaH (EHOTHN PE3WCTEHIM]je, MOTYy IOoKa3aTh (EHOTHIICKY pPE3UCTSHIH]Y
VKOJIUKO ce CYOKYJNTHBHIIY Ha YBPCTOj MOJUIO3M ca pacTyhum rpaaujeHToM onaroBapajyher
anTHOnoTHKa. Takohe, y Haloj CTyAMjH WMaMO H30JIaTe€ KOjU Cy TOKa3HUBAIM jeJaH Of
¢enorunoBa MLS pesuctenumje, anu HUCY HMajdd HIACHTU(GUKOBAH HHU jelaH TIeH

pesucrennyje. KyTumo u n1pyru ayTopu, KOju Cy ce Takohe cperanu ca TakBUM Il0jaBama y
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CBOJUM HCTPaXUBAKBHUMA, MPETIOCTAaBIIIN Cy J1a TH COjeBH HOCE HEKe Jpyre BapHjaHTe erm,

mef, Inu nnu [sa rena [313, 398, 399, 400], xoje HUCY OWle YKIJbyU€HE Y HAIOj CTYAH]jH.

iMLSD je y namoj ctyauju 6uo Hajuemhu (enoTun pesucteHnmje Mely craduimokokama.
Hajuemrthe n3omnoBanu renn MLS pesuctenimje mely cradunokokama Ounu cy msrA/B u
ermC. M/MSb (msrA/B), LSa/b (InuA) u iMLSb (ermA/C) ¢enotun cy 6uinm JOMUHAHTHO
JETepMUHUCAHU TI0j€IMHAYHUM TeHnMa pesucteniuje. cMLSb ¢enorun je yrmaBHoM Omo
nerepmunucad ermC u xomOunanujom reHa (ermC+msrA/B u msrA/B+lsaA). M/MSb
tdenorun u msrA/B TeH koju nerepMuHUILIE 0Baj (GEHOTHI Cy OMIIM 3HAYAJHO 3aCTYIJHEHHU]H

KO CTa(l)I/IJ'IOKOKa OOJIHHMYKOT IMOpEKJIaA.

cMLSb je 6mo nHajuenthu denorun pesucreHnuje mehy eHTEpOKOKaMa U B-XEeMOIHTHYKAM
cTpentokokama. Hajuemrhe m3onoBanm rean MLS pesucrennmje mel)y enrepoxokama u B3-
XEMOJIMTUYKHUM CTpenToKokama cy owmmu IsaA u ermB. LSa/b (IsaA) m iMLSb (ermB/A)
(deHOTHIT Cy OWIM JOMHHAHTHO JCTEPMHUHUCAHM TMOjCJMHAYHUM TE€HHUMa PE3UCTEHIH]E.
cMLSD denotum je yrinaBHom Ouo netepMuHucan ermB u komOuHanujom rena (ermB-+isaA).
ermB u [saA TeH cy OwnM 3HAYajHO 3aCTYIUBEHHUJU KOJ EHTEPOKOKA U B-XeMOJIUTHYKUX

CTPENTOKOKa aMOYJIaHTHOT MOPEKIIa.

KombOunanuje nBa win Buiie reHa MLS pesucTteHnuje cy OMIM 3acTyIJbeHHj€ KO/ H30jara

CTaq)I/IJ'IOKOKa HETr0 KOA CHTCPOKOKA U CTPCIITOKOKA.

Pesuctennuja Ha aHTHOMOTHKE KOJ| €HTEPOKOKAa M CTaMIOKOKAa je BakHAa 3aTO IITO S.
epidermidis ¥ €HTEPOKOKE NPUIMAAAj]y TPylu OakTepHja KOje MOBPEMEHO HM3a3HMBAjy TEIIKE
UHQEKIHje U 3aTO IITO Kao MPEJCTaBHUIM HOpMaHE (hI0pe MOTY JIOBECTH JI0 IIMPEHa reHa
pE3UCTEHIIMj€ Ha MaTOTeHe OaKTepHje MPEHOCOM ca jeJHe Ha JApyry Bpcry (interspecies),
oceOHO aKO TOCTOjH CEJISKTHMBHU IPHUTUCAK aHTHOMOTHMKA. C 003MpOM Ha BEIHYUHY
nomynanyje HopmanHe ¢uope moryhe je fa ce pa3Bujy BapujaHTe OakTeprja pe3UCTEHTHE Ha
Behn Opoj antuOmoTmka. [Ipermemom nmrepaType M TpeMa pe3ysiTaTuMa Hame CTyIHje
Moxemo pehm ma MLS antubmoTnim HHCy Jek m30opa 3a jeueme WHQEKIHja W3a3BaHUX
eHTEepOKOKaMa M Koaryja3a HEeTaTHMBHUM cradmiokokama. MehyTum, mpema JocaganrmbiM
UCTpaKUBamkHMa, 3Ha4aj OBE JIBE Ipyne OakTepuja y UCTpaKMBamHMa Be3aHuM 3a MLS
aHTUOMOTHKE ce OrJie/ia y TOME IITO OHE MpPEeACTaBsbajy pesepBoap MLS rena pesucrenuyje,

Koje Te OaKkTepuje XOPU30HTAIHUM ITyTeM MpeHoce Ha naroreHe 'paM-no3uTuBHE KOKE.

Takohe, y Hamoj cryauju cMo uaeHTU(OUKOBaTH HOBU T3B. "keyhole" (GeHOTHI Mymimm nuck

I y3MOHOM METOJIOM KO jemHoT m3oyiata MSSA u Tpu u301aTa €HTEpOKOKa. Y HacTaHKY
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oBor (eHoTHumna kox MSSA u3onara je mocpenosao /nuB reH, TOK ¢y Tpu H30JaTa EeHTEPOKOKA
ca oBuM (eHorunom mnocenoBana I[saA ten. HoBu "keyhole" ¢enorun je mokasuBao
OCETJHPMBOCT Ha EPUTPOMUIIMH M PE3UCTEHIIM]Y HA KJIWHAAMUIIMH, Ca KaHAJIOM OCETJHHBOCTH
u3Mel)y epuTpoMuUIIMHA W KIMHAAMHUIMHA, OJHOCHO IIOKa3HBao j€ HHAYLHOWIHY
KJIMHJAMULUH CEH3UTUBHOCT. Pa3nor mnojaBe oBor (heHOTHNA MOXK[Ja JIEKH Y KOMOHWHALM]U
reHa pEe3UCTEHIMje WIM y TauyKacTo] MyTalMju WICHTU(UKOBAHUX TeHa. Y jeAHOM
JY’)KHOKOPEJCKOM pajy je MyIUIH TUCK nuy3uoHOM MeToaoM koj 32 m3omata S. agalactiae
otkpuBeH HoBH "keyhole" denorun. ['eneTckoM aHAIM30M ayTOPH Cy yCTAaHOBWIIM Jia Cy Ta 32
n3onara S. agalactiae ca ermB reHoM, U Aa je 29 on mux ca [nuB reHoM. CeKBEHIIMPAHEM
ermB TeHa yTBpAMIIM Cy TIOCTOjarhe BUIIEC TAYKACTHX MyTalllja Ha ermB reHy, Tako Aa Taj TeH
HUje MOTao Ja ce ekcrpumyje. Mehytum, 3 uzonara S. agalctiae cy 6una ca ermB renom u
0e3 /muB Tena w mokasuBaa cy HoBu Qenotun. Kox oBa Tpu wu3onata HHUCY OwiH
uaeHTn(UKOBaHU apyru renu MLS pe3ucrennyje, 70k moBe3aHOCT (PEHOTHIIA ca TEHOTUTIOM
HaXaJiocT HUje ycraHoBbeHa [401]. YV jemHoj OONHWIM y APreHTHHH, EKCIPECHjOM
komOuHanuje MLS rena pesucrennuje youeH je HoBu MLS denorun pesucrenumje. Onmcane
Cy JBE BapHjaHTe HOBOT (eHoTHma pe3ucteHnuje komq MRSA wm3omara: ELKi ¢enornm
(pe3ucTeHIMja Ha EPUTPOMHUIMH H JIMHKOMHIMH ¥ WHAYUUOWIHA pE3UCTeHIMja Ha
KIIMHJIaMULIMH U OBU CY COjE€BU UMaJl y CBOM TeHoMy kKombuHaiyjy ermC+IlnuA rena) u ELiK
(eHOTHUN (pE3UCTEHIMja HA EPUTPOMMLIMH U MHIAYLUONIHA PE3UCTEHIMja Ha TMHKOMMLIUH U
KIMHJIAMULIMH ¥ OBH Cy COjeBU UMaiu camo nojeannadnu ermC ren) [317]. HoBoTHa u cap. je
omucana ko 15 cojeBa S. haemolyticus dynaH (QeHOTUI Be3aH 3a PE3UCTEHIU]Y Ha
JUHKOMHIMH-KIMHAAMUIMH U OCETJHUBOCT HAa MAKpOJHUAE, MEehyTHM T€HEeTCKOM aHaIN30M

HICY YCIeINH J1a iAeHTU(UKY]Y HEjeJaH O]l TIO3HATHX IeHa KO OBHX cojeBa [321].

VY Hamoj crynuju je 3alenexeHa jacHa pasnuka y obOpaciy MLS ocersemBoctu Mmehy
cTapWIOKOKaMa U SHTePOKOKaMa/CTPENTOKOKaMa W MOTBpheHa je HeolmXOJHOCT yBohema D
TECTa y PYTHHCKOM TECTHUpPamhy AHTUMHKPOOHE OCETJPHMBOCTH KOJ M30JlaTa CTa(UIIOKOKA.
Hauwme, Ha ipBU morIie ] HalM pe3yiaTaTH 0e3 AyIIor IUCK Au(y3uOHOT TecTa Mmokasyjy Behy
MpeBaAJICHIN]Y PE3UCTEHIIMj€ Ha KIIMHIAMHIIMH KOJl u30Jata 6akrepuja S. pneumoniae (35,9%)
Hero koxa m3onata S. aureus (8,3%). Unak, y pyTHHCKOM TeCTHpamwy MOXEMO MPEBUICTU
cojeBe KOjU HMMajy TEHETCKH IOTEHIWjall Ja IOCTaHy PE3UCTEHTHH TOKOM Teparuje Ha
knuHaamMunH (iIMLSb), noBoaehn 1o nornemnBama cTone Pe3uCTeHIINje Ha KITMHIAMUIIH,
Tako Ja cBU M3onatu ca IMLSb ¢eHoTHIIOM MOry OWTH TpELIKOM HHTEPIPETUPAaHU Kao

KJIMHIAMHULUH oceTJbuBU. Ha mpumep, y Haioj ctyanju umainu cMo 55,2% creapro (M/MSb
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u Er/Cli S) u 36,5% naxuno (iIMLS0O) knmMHIAaMHIMH OCETJBUBUX HM30yata S. aureus, IITO
MPeACTaBJba MOTICHEHY CTOITY PEe3UCTEHIMje Ha KauHmaaMuiuH ox 8,3% (cMLS6 u LSa/b)
ymecto ox 44,8% (iIMLSO nu ¢cMLS6 u LSa/b) xox S. aureus. Tako, kopumhemem D-tecta
3aKJbYUMIIM CMO JIa je MpaBa KIMHJIAMUIIMH pe3uCTeHInja, YKJbyuyjyhu u cojeBe ca iMLSb
(eHoTHIIOM, BeOMa cIIMYHa Koj 6akTepuja Bpete S. aureus u S. pneumoniae, 44,8%, 0lIHOCHO,

46,9% pecneKTUBHO.

KonTrHyHpanu nopact pe3ucTeHIMje Ha aHTHOMOTHKE KOJI CTPENTOKOKA Harjamasa norpedy
3a YCIOCTaBJbamkeéM KOHTpOJIMCaHe ynoTpede anTHOMOTHKA. Jlekapu Tpeba ma y3Mmy y
pa3MaTpame JIOKalIHE M pernoHaiHe oOpaclie Pe3UCTEHIMje OHAA Kaga Mopajy u3zadpatu
aJleKBaTHy aHTUOMOTCKY Tepanujy. Hamasum Hame cryauje, y3 jolml HEKOIHMKO APYTHX ca
teputopuje CpOuje, Hariamapajy HEONMXOJHOCT TMpaBUIHE yNoTpeOe aHTUOMOTHKA W
KOHTHHYHpPAHOT mpahema CTPEeNTOKOKHOT o0paciia pe3UCTeHIMje Ha MaKpojuae myreM D-
Tecta. 300r Tora, Jajhba MUIEMHOJIONIKA HCTPAKUBAKA COjeBa CTPENITOKOKA MO PETHOHUMA
Cpbuje mory 06e30equTH, He caMO KOMIUIETHH]Y TIPEACTaBy O CTPENTOKOKHUM HH(DEKIjama

y HaIloj 3eMJbH, Beh 1 KOMIUIETHY (heHOTHUIICKY KapaKTepu3anujy Te momnyJaiuje dakrepuja.

Hama cryauja je mpBu mokymaj oOjenumaBama uHGopManuja o MLS pe3ucteHnuju Ko
naToreHux ['paM-no3suTuBHUX Koka y oBoM peruony (Ilummcku okpyr). Hamra
EMUICMUOJIONIKA CTY/Mja je HacTala Kao MPOU3BOJ KOJIEKIIMje U30JIaTa, IhUXOBE aHAIN3e U
CTaTUCTHYKE 00pajie T0OMjeHNX 1MoAaTaka, a yka3ajia HaM je Ha HEOIXOJHOCT yJlarama HOBUX
Haropa y pelaBamy riio0aHor mpodiieMa aHTHOHOTCKe pe3ucTeHIuje. Mako je oBo mperien
MLS pesucrennuje koa I['pamM-mo3uTHMBHHMX KOKa 3a jJEJHOTOAMIIEM IEPUOJI Ha IIEJIoj
teputropuju [T4umbCKOr OKpyTa, WMaK TOCTOje pyIle y MO3HaBamy mpaBor craryca MLS
pe3ucrenije Melly oBuM Oaktepujama, MoceOHO y 3a0aueHnM JiesioBuMa oBor pernoHa. Ca
YBHJIOM Y CTam€ OBE PE3HMCTEHIM]jE, OTBAapa CE MUTAmE pa3Boja CTPATErHje 3a CIpeuaBarbe
BCHOT IIUPEHa, KOja MoJpa3zyMeBa pPeCTPUKTUBHO H MyApHje Kopuinheme aHTHONOTHKA Kao 1
CIIpevaBame MUpemha MyJITHPE3UCTCHTHUX cojeBa OakTepuja. Hamamo ce 1a oBa cTyamja MoXKe
JlaTh CBOj JOIPHUHOC Yy MpPOAYyXaBamwy YHNOTPEOHOI BEKa aKTyelqHMX M JocTynHux MLS

aHTUOMOTHKA.
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6 3axkmpyunmu

Ha ocHoBy noOujeHux pe3ynrarta, MOTY c€ U3BECTH ciieliehn 3aKIbydIlu:

1. Tlopehemem ydecTanocTy pe3ucTeHIINje Ha aHTUOUOTHKE, yTBPAWIN CMO J1a HHje OHUIT0
PE3UCTEHTHUX H30J1aTa Ha JuHe3oaua Mmelhy I'paM-mo3uTHBHMM KOKama U J1a je Ha
BaHKOMHUIIMH OMO pEe3UCTEHTaH caMo jefaH u3onar eHrepokoka (0,6%). Takohe cmo
YTBpAWIM Jia je HajBeha pe3ncTeHTHOCT Oma Ha:

e nedokcutud kox MRSA u MRKNS (100%);

® TMEHUIWINH, munpoduokcanda u eputpomMuiiud kojg MRSA u MRKNS
U30J1aTa;

® KJIMHJIAMHIIMH KOJ €HTEPOKOKa, a 3aTUM KO S. pneumoniae;

® TeHTaMHWIMH Kox S. agalactiae, a 3atuM kog MRSA u MRKNS wn3onara.

2. Y omHocy Ha mojeauHe BpcTe ['pamM-MO3UTHBHUX KOKa YTBPAMIM CMO Aa je OHO

HajydecTanvju (EHOTHUI PE3UCTEHIIU]Ee KOl U30JI1aTa !
e S aureus u KNS - iMLSb;
® CHTEpOKOKa, S. pneumoniae u S. agalactiae - cMLSDb;
e S pvogenes - M/MSb;
3. VY oaHocy Ha cBe HCIIUTHBaHE | paM-TIO3UTHBHE KOKE YTBPIMIN CMO Ja:
e cMLSb u LSa/b dhenoTun cy OMin HajydecTaanju KOa U30J1aTa EHTEPOKOKa;
e iMLSb ¢enorun je 6mo Hajyuectanuju kogx MRSA u MRKNS wn3onara;
e  M/MSDb je 6uo Hajydectanuju kog MRKNS nzonara, omnocHo KNS u3onara;
® je CCH3WTHMBHOCT HAa CPUTPOMUIIMH M KIMHJIAMUIIMH OWja HajydecTanuja KoJ
nsonara S. agalactiae u S. pyogenes.

4. Tlopehemem yuecramoctu MLS ¢enotunoBa pesucteHnuje kox wusonara ['pam-
MO3UTUBHUX KOKA U3 PA3IMYUTHX BPCTa MaTepHujalia, yTBPIHIN CMO Ja:

e cy iMLSb ® CcEH3UTHBHOCT Ha EPUTPOMHMIMH W KIWHIAMWIIMH OWIH
HajydJecTallijy KOJI M30J1aTa u3 OprceBa Ipiia ¥ Hoca U MHOKYITYPa;

e cMLSDb u LSa/b cy Ounu HajydecTaauju Ko U30j1aTa U3 TEHUTATHUX CEKPETa ’
ypHHa;

e M/MSD je Ono HajydecTavjy KOJ U30J1aTa U3 TCHUTATHUX CEKpeTa.
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[Topehemem yuecranoctn MLS ¢deHOTHIIOBaA pe3UCTEHIH]E€ KO U30J1aTa PA3IUIuTOT
nopekyia, yTBpawin cMo na je M/MSb ¢enotun pesucteHumje OMO 3HaYajHO
yuectanuju Mel)y O0THUYKUM H30JIaTUMa cTa(UIOKOKA.
Hajuemrhu nmojenHayHy reH Y BUXOBE KOMOMHAIIM]E TETEKTOBaHE KO

e cradunokoka cy msrA/B, ermC u ermC+msrA/B

® CHTEPOKOKAa U B-XeMOIMTHYKUX CTPENTOKOKA cy [saA, ermB u ermB+IsaA.
Kon cradunokoka Hajuenthu 1mojeiMHAYHN T€HU KOJH CYy JIETePMUHUCAIIH:

e M/MSb denotun - msrA/B ren

e LSa/b denorun - /nuA ren

e iMLSb denorun - ermA n ermC ren

e cMLSb ¢enorun - ermC 1 komOUHaIMje TEHA.
Kon enTepokoka u 3-XeMOJIUTHYKIX CTPENTOKOKA Hajuelhyl MojeIMHaYHA TeH! KOjU
CYy AETepPMUHUCAIIH:

e LSa/b dpenorun - /saA ren

e iMLSb ¢enorun - ermB u ermA ren

e cMLSDb denorum - ermB u komOuHaIMje TeHa.
[Topehemem yuectamoctu rena MLS pesucrenuuje wusmehy amOymaHTHUX U
OOJTHUYKHX COjeBa yTBPIUIHA CMO:

e ermBulsaA reH cy OUIM CTAaTUCTUYKH 3HAYajHO yUeCTalIHju KO aMOyIaHTHUX

M30J1aTa EHTEPOKOKA U -XeMOJIIMTUUKUX CTPENTOKOKA Y OJJHOCY Ha OOJTHHYKE
e msrA/B TeH je OMO CTATUCTUYKH 3HAYAJHO YUECTAIH]H KO OOTHIUYKHUX U30J1aTa

cTapuIOKOKa Yy OJJHOCY Ha aMOyJIaHTHE.

10. Unentudukamuja iMLSb denotuna pesucrtenmuje D-tectom je y mopehemy ca

pedepentHom wMetonmoMm, PCR wunentudukanmjom erm rena mnokazaiga 100%

CEH3UTHUBHOCTH U 65,38% cnenuduyHoCcTH.
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ckpahenuiom erm (on enri. erythromycin resistance
methylase) u 10Bojie 10 1M0jaBe YHAKPCHE PE3UCTEHIIN]jE Ha
MaKpoJIue, JUHKO3aMHUAEC M CTpenTorpamMuHe rpymne b
(MLSb). IIpodun pesuctenumje mno3Har kao MLSb
¢denotun  moxe Outn: uHAyuuOwman (iMLSb) wu
koHcTuTyTUBaH (CMLSD). CojeBu ca erm mocpenoBaHoM
EepPUTPOMMLIMH  PE3UCTEHIIMJOM MOTYy Cc€ II0Ka3aTu
OCETJbMBHM HA KIMHIAMULUH Yy PYTHHCKOM JHCK

TU(Y3MOHOM TECTHPABkY OCETIEUBOCTH.



Huws  YTBpmutu ydectasocT (EeHOTHIIOBAa ©  TeHa
pesucrennuje ©Ha MLS antuOmoruke kox I'pam-
MO3UTHUBHUX KOKa Ha MOApy4jy jyroucroune Cpouje.
Metoae MLS ¢enoTunoBu pe3ucteHIfje: KOHCTUTYTUBHU
(cMLSDb), naayuubunau (iMLSb), M/MSb u LSa/b, 6unn
cy yTtBpheHu nymnu-muck audys3uoHoM meroaom (D-
tectoMm). Ucnurano je 2366 ximHHYKHAX m3oiara ['pam-
MO3UTUBHUX KOKA, CAaKyIUbEHUX y TOKY jETHOTOIMIIEHET
nepuona y llenTpy 3a mukpoOuonorujy 3aBoma 3a jaBHO
3npaBibe Bpame. I'enu koju komupajy MLSb pesuctennujy
(ermA, ermB, ermC, msrA, msrB, mefA/E, InuA, nuB,
IsaA wn IsaC) cy wuaeHTHQUKOBAHM KOpHUIIhemeM
myaruiiekc PCR-a.

Pesyaratm Hajsehy ydecrtamoct pesucTeHumuje Ha
EPUTPOMHIIMH  HWMadl Cy  HW30JaTH  METHUIIMJIMH-
PE3UCTEHTHUX  KOaryjiaza-HeraTMBHUX  CTa(HIOKOKa
(MRCNS, 91,5%), 3aTuM METHIUIUH-PE3UCTEHTHUX S.
aureus (MRSA, 86,4%) u entepokoka (80,8%). Huxka, anu
JOII YBEK BUCOKA CTOIA PE3UCTEHIMjE HA EPUTPOMUIIUH je
Oura mpucyTHa W KOJ APYTrux u3ojara ['paM-mo3uTHBHUX
Koka. Hacympor Makponummma, u3y3€B 3a H30JaTe
Enterococcus spp. (96,7%), Streptococcus pneumoniae
(35,9%) u MRSA (28,4%), apyru wuzonatu ['pam-
MO3UTUBHUX KOKa Cy IIOKasaJd 3HAYajHO  HUXKY
pesucTeHIM]y Ha KIMHAaMULIUH. OTKpwiIn cMO Ja je
iIMLSb ¢denotun Hajydecranuju KoJ CTapHUIOKOKa, KOJ
eHTepoKOKa U Oaktepuja S. agalactiae v S. pnemoniae 6uo
je nomuaanTan cMLSb ¢enotur, dok je M/MSb ¢enorun
0o Hajuemrhe mpucyTaH koja Oaktepuja S. pyogenes. On
YKyIHOT Opoja u30JlaTa YETHPH coja Cy MoKa3aja HOBH
"keyhole" ¢enotun. Hajuemhu mnojeauHayHu reHU W
BUXOBE KOMOMHAIMje JAEeTEKTOBaHE KOJ CTapHIOKOKa Cy

oune msrA/B, ermC u ermC+msrA/B, nox cy koj



Z[aTYM IIpuxBaTama TEME 0[]

crpane HHB - [I1:
Hatym onopane - J10:

UnanoBu komucwuje - KO:

EHTEPOKOKa U B-XeMONUTHYKUX CTPENTOKOKa Owie [saA,
ermB u ermB+isaA.

3akspyuyak YTBpIWIM CMO BUCOKY CTOITYy PE3UCTEHIINjE HA
€pUTPOMHULIMH KOJ I'paM-nO3UTUBHUX KOKA. MeTHLMINH-
pe3ucTeHTHe  cTaQWIOKOKE Cy  Owie  3Ha4ajHo
pesucrteHTHHje Ha MLS anTnOnotruke y opHocy Ha
METHULWINH-CEH3UTUBHE CTapUIOKOKE. Hajuemrhe
uaeatudukoBann TteH  MLS  pesucreHnuje  mehy
cradpunokokama ouo je ermC, nok je mel)y eHTepoxokama
U [(-XeMOIUTHYKUM CTpenTokokama Ouo ermB ren.
YTBphena je jacHa pasznuka y obpacity MLS oceTprBocTH
Mely crapuiiokokaMa U eHTEPOKOKaMa/CTperToKkoKama U
noTBpheHa je HeomxoJHOCT yBohema D tecra y pyTHHCKOM
TECTHpamky AaHTHMUKPOOHE OCETJBMBOCTH KOJ H30Jara

cTaUIIOKOKA.
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Introduction The increase of resistance to macrolide,
lincosamide, and streptogramin a/b antibiotics (MLSa/b)
among Gram-positive cocci has been reported in the last
decade. The complex mechanisms of resistance to MLS
antibiotics include: modification of ribosome, active efflux
of antibiotics and antibiotic inactivation. The gene family
called erm (erythromycin resistance methylase) that
encoding enzymes responsible for ribosome methylation
leads to cross- resistance to macrolides, lincosamides and
streptogramin b (MLSb resistance phenotype). The
antimicrobial resistance profile known as MLSD resistance
phenotype can be either inducible (iMLSb) and constitutive
(cMLSDb). Macrolide resistant strains carrying erm gene can
show false sensitivity to clindamycin, using routine
antimicrobial susceptibility test.

Objective This study investigated the prevalence of MLS
resistance phenotypes and genes in Gram-positive cocci in
region of the Southeast Serbia.

Methods MLS resistance phenotypes: constitutive
(cMLSDb), inducible (iMLSb), M/MSb, and LSa/b, were
determined by the double-disk diffusion method. We have
analyzed 2366 clinical isolates of Gram-positive cocci,
collected during 1-year period at the Center for
Microbiology of the Public Health Institute in Vranje,

Serbia. The MLS resistance genes (ermA, ermB, ermC,

-10 -



msrA, msrB, mefA/E, [nuA, [nuB, IsaA, and lsaC) were
identified by multiplex PCR.

Results The highest frequencies of isolates resistant to
erythromycin were found among methicillin-resistant
coagulase-negative staphylococci (MRCNS, 91.5%),
methicillin-resistant S. aureus (MRSA, 86.4%) and
Enterococcus strains (80.8%). Lower, but still high
resistance rate to erythromycin was found among other
Gram-positive cocci. Contrary to macrolides, except for
Enterococcus spp. (96.7%), S. pneumoniae (35.9%), and
MRSA (28.4%), other Gram-positive cocci showed
significantly lower resistance to clindamycin. We have
found that iMLSb is the most prevalent phenotype in
staphylococci, the cMLSb is predominantly in enterococci,
S. agalactiae, and S. pnemoniae, whereas the M/MSb
phenotype is the most frequent in S. pyogenes. LSa/b
phenotype was the most common in enterococci and beta
haemolytic streptococci, but nearly or totally absented
among staphylococci, S. pneumoniae, and S. pyogenes. The
novel keyhole zone phenomenon was detected in four out
of total number of clinical isolates. The most prevalent
MLS resistance genes and their combinations detected in
staphylococci were msrA/B, ermC and ermC+msrA/B,
whereas IsaA, ermB n ermB+lsaA were predominantly
found in enterococci and beta haemolytic streptococci.
Conclusion Generally, high rates of erythromycin
resistance in Gram-positive cocci was found. The
methicillin-resistant staphylococci were significantly more
resistant to MLS antibiotics than methicillin-sensitive
staphylococci. The most frequent MLS resistance gen
among staphylococci isolates was ermC, whereas the ermB
gen was the most prevalent in enterococci and B-haemolytic

streptococci. We have also discovered a clear differences

-11 -
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Oépazay 1

HU3JABA AYTOPA O OPUTHHA/IHOCTH /IOKTOPCKE JHCEPTAITHJE

Ja, Munena Muwuh , U3jaB/byjeM Ja JOKTOpCcKa

nncepTauuj a 11011 HaCJIOBOM:

Jluctpubyuyja GeHOTUIIOBA ¥ T'eHa PE3UCTEHIIM]je Ha MAKPOJIHIE U
JIMHKO3aMHIe KOJ| FpaM-TIO3UTUBHUX KOKa

Koja je ombpameHa Ha DakynTeTy MEAMLMHCKHUX HayKa

Vuusepsuteta y Kparyjesily IpeicTaBiba opu2uHaiHo aymopceko 0elo HacTajlo Kao pesysiTaT

CONCMeEeH02 UCmpaNCusaiKoe pa()a.

Osom HUszjasom maxohe nomephyjem:

e J1a caM jeduHu aymop HaBeJeHe JOKTOPCKe AucepTaluje,
e 1a y HAaBEJIEHOj JOKTOPCKOj AUCEPTALUjU HUCAM U3BPULLO/NA NO6pedy ayTOPCKOT HUTH
JPYIOr MpaBa HHTEIEKTyalHe CBOjUHE APYTHUX JIMLa,

e /1a YMHOKEHH NPUMEPAK JOKTOPCKe AUCepTaLHje y WTAMIIAHO] 1 €IEKTPOHCKO] hopMu
y uMjeM ce IpWIOry Hajiasu OBa l3jaBa caipiku JOKTOPCKY AMCEPTALMjy UCTOBETHY
010pameH0j JOKTOPCKO]j AUCePTALIUjH.

V Kparyjesiy 8 rOJUHE,

ok

MOTIHUC ayTopa

- 13-



Oépazay 2

H3JABA AYTOPA O HCKOPHIIBABAY JOKTOPCKE JJHCEPTAILIHJE

Ja, Munena Muuiuh

JA03BOJbaBaM
D HE 103BObaBaM

Vhusepsuretckoj 6ubmuotenn y Kparyjesuy na HauuHu 1Ba TpajHa yMHOMKeHA npuMepka y

€IEKTPOHCKO] (hOPMH JOKTOPCKE AUCEPTALMj€e MO HACIOBOM:

Auctpulyumja GeHOTUIOBA ¥ reHa pe3iCTeHIHje Ha MaKPOJIHE U
JIMHKO3aMHUJI€ KO/ TPaM-IIO3UTUBHUX KOKa

Koja je ombpameHa Ha PaKyITeTy MEAMLMHCKUX HAyKa

Yuusepsurera y Kparyjesily, U To y LeIMHH, Ka0 U /1A 11O je/laH NPUMEPAK TAKO yMHOKeHe
JIOKTOPCKE ~ JUCepTaLyje YYMHH TPajHO [OCTYIHMM jaBHOCTH IIyTeM JUTUTATIHOT
penosuropujyma YHusepsuteTa y KparyjeBiy U LEHTPaTHOT PEHO3HTOPUjyMa HAITEHKHOT
MHHHCTApCTBa, TaKO Ja NPUNAAHULM JABHOCTH MOTY HAYMHUTU TPajHE YMHOKEHE PHMEpKE

Y €eKTPOHCKO] (pOpMH HaBeIeHe TOKTOPCKE AUCepTaLMje MYTeM npeysumara.

OBoMm U3jaBom Takolhe

ZI03BOJbABaM
D He J103BOJbaBaM '

! Vkosmko ayTop usabepe 1a He J03BOJIM NPUMATHULEMA jABHOCTH 12 TAKO JIOCTYIHY JI0KTOPCKY AHCEPTalujy
KopucTe noz yciosuma yrephennm jeanom on Creative Commons MMUEHLH, TO HE HCKIbYHy]je IIPaBO NpUIIaHUKA
JaBHOCTH /1a HABENIEHy I0KTOPCKY AMCEPTALIMjY KOPUCTE Y CKIay ¢a oapeatama 3akoHa o ayTOPCKOM U CPOAHUM
npaBUMa.

- 14 -



TNpUMaJHALMMA jABHOCTH /1a TAKO JIOCTYIIHY JOKTOPCKY AMCEPTALM]y KOPHMCTE MO YCIOBHMA

yTBphenum jenHom ox crenehux Creative Commons TULEHLN:

1) AytopeTrBo
2) AyTOpCcTBO - IEUTH O] UCTUM YCJIOBUMA
3) AyTtopcTBo - 6e3 npepaaa
4) AyTOpCTBO - HEKOMEPLIHjATHO
@AyTOpCTBO - HEKOMEPLIUjAJTHO - JIEJIUTH T10/] KCTUM YCJI0BUMA

6) AyTopcTBO - HEeKOMEpLMjaIHO - 6e3 npepaga’

V Kparyjesuy 5 roJ1He,

b

MOTIIHC ayTopa

? Momumo aytope koju Cy u3aOpaiu Aa 403BOJE NPUNAIHMLMMA JABHOCTH J@ TAaKo AOCTYIHY AOKTOPCKY
AMCEPTAL]y KOPUCTE 110/l yc10BUMa yTBphennm jeasom ox Creative Commons TMLEHLM J1a 320KPYKE jeIHY 011
nouyheuux nuuenny. Jleraban caapkaj HaBEIEHUX JUUEHIM JAOCTYIAH je Ha: http://creativecommons.org.rs/
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SUMMARY

Introduction/Objective The increasing resistance to macrolides and lincosamides among staphylococci
and streptococci is becoming a global problem. The aim of this study was to investigate the prevalence of
macrolide-lincosamide-streptogramin (MLS) resistance phenotypes in staphylococcal and streptococcal
isolates in southeast Serbia.

Methods The MLS phenotypes were determined by the double-disk diffusion method in 2,121 inpatient
and outpatient staphylococcal and streptococcal isolates collected during a one-year period at the
Center for Microbiology.

Results The methicillin-resistant staphylococci isolates were significantly more resistant to penicillin,
erythromycin, clindamycin, gentamicin, and ciprofloxacin (100%, 100%, 29.2%, 65.6%, and 53.1%, respec-
tively) than the methicillin-sensitive ones (93.6%, 64.9%, 12%, 28.9%, and 11.7%, respectively). The induc-
ible clindamycin resistance phenotype was dominant in S. aureus and coagulase-negative staphylococci
isolates. S. pneumoniae, S. pyogenes, and S. agalactiae isolates showed very high resistance to erythro-
mycin (77.8%, 46.2%, and 32.4%, respectively). All staphylococci and streptococci isolates were sensitive
to vancomycin and linezolid, and all beta-hemolytic streptococci isolates to penicillin and ceftriaxone.
Conclusion The phenotypic triage of staphylococci is necessary in order to separate inducible resistant
and truly clindamycin-sensitive isolates. Macrolides should not be recommended for empirical therapy
of streptococcal infections. Penicillins remain the drug of choice for treatment of streptococcal infec-
tions in our local area.

Keywords: staphylococci; streptococci; MLS resistance phenotypes; inducible clindamycin resistance

INTRODUCTION staphylococcal scalded skin syndrome, endo-

carditis, myocarditis, pericarditis, and bactere-
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Inpatient Staphylococcus aureus, Streptococ-
cus pyogenes, and Streptococcus pneumoniae
infections was the biggest problem in the pre-
antibiotic era [1]. Today, when large number
of antibiotics are available, we are once again
faced with the problem of treating infections
caused by penicillin-resistant pneumococci,
methicillin- and vancomycin-resistant strains
of S. aureus and coagulase-negative staphylo-
cocci (CNS) [1].

S. aureus cause a variety of infections, rang-
ing from mild skin infections to fatal bacte-
remia: osteomyelitis, pneumonia, arthritis,

mia [2, 3]. The most common CNS infections
are nosocomial bacteremia related to central
venous catheter, endocarditis in patients with
artificial heart valves, infections from an in-
travenous catheter insertion site, and postop-
erative infections in ophthalmic surgery [2]. S.
pneumoniae bacteria can cause serious invasive
infections, such as meningitis, bacteremia, and
pneumonia, as well as non-invasive infections
such as sinusitis and acute middle ear infec-
tions [4]. S. agalactiae causes serious infections
in newborns and pregnant women, acute and
chronic respiratory infections, endocarditis,
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sepsis, meningitis, and pyelonephritis [5, 6]. S. pyogenes
causes uncomplicated upper respiratory tract and skin in-
fections, but also severe life-threatening infections, which
are very common in developing countries [7].

Macrolide and lincosamide antibiotics are often used
for the treatment of staphylococci and streptococci infec-
tions. Therapeutic use of macrolide-lincosamide-strepto-
gramin group B (MLSb) antibiotics can cause inducible
macrolide-lincosamide-streptogramin group B (iMLSb)
resistance and subsequent clinical failure of therapy, espe-
cially in staphylococcal infections. The iMLSb resistance
phenotype leads to clindamycin treatment failure due
to rapid in vitro conversion of inducible to constitutive
macrolide-lincosamide-streptogramin group B (cMLSb)
resistance phenotype.

A simple way to detect iMLSb-resistant strains is the
double-disk diffusion method (D-test). Without the D-
test, all clinical isolates with iMLSb resistance would be
erroneously interpreted as clindamycin-susceptible caus-
ing inappropriate antibiotic therapy.

The aim of this study was to determine and compare
the prevalence of MLS resistance in staphylococcal and
streptococcal isolates from inpatient and outpatient clini-
cal samples in southeast Serbia. To determine observed
MLS resistance phenotypes, D-test was used.

METHODS

We analyzed 2,121 clinical isolates of staphylococci and
streptococci, collected during a one-year period (Octo-
ber 2012 to October 2013) at the Center for Microbiology
of the Public Health Institute in Vranje, Serbia, includ-
ing 865 isolates from nasal and throat swabs, 810 from
purulent discharge, 442 from genital secretions, and four
isolates from the urine. Multiple specimens from the same
patient were avoided. The following clinical species were
considered: S. aureus, CNS, S. pneumoniae, S. agalactiae,
and S. pyogenes. The local ethics committee approved the
study according to the Declaration of Helsinki (No. 01-
5072/2013). The authors declare that informed consent
was not required.

Bacterial identification

S. aureus was identified using Gram stain, catalase test
(positive), the mannitol salt agar (Chapman medium), and
the tube coagulase test. The staphylococcal strains, which
turn the color of the medium from red to yellow and pro-
duce free coagulase were identified as S. aureus, else were
identified as CNS [2]. S. pneumoniae was identified using
Gram stain, catalase (negative), and optochin test (BioRad
Laboratories, Hercules, CA, USA). The slide agglutination
test was used as confirmatory identification of S. pneu-
moniae (Slidex pneumo-kit; bioMérieux, Marcy-I'Etoile,
France) [8]. S. agalactiae was identified using Gram stain,
catalase test (negative), CAMP test, and rapid latex agglu-
tination test (Streptex-Slidex® Strepto Plus, bioMérieux)
[8]. The identification of S. pyogenes was performed us-

Srp Arh Celok Lek. 2018 Jul-Aug;146(7-8):384-390

ing Gram stain, catalase test (negative), the susceptibility
test to bacitracin (0.04 UI, Taxo A, BBL, BD Microbiology
Systems, Cockeysville, MD, USA), and rapid latex aggluti-
nation test (Streptex-Slidex® Strepto Plus, bioMérieux) [8].

Antibiotic susceptibility testing

The antibiotic susceptibility test was performed by the
standard disk diffusion method using Mueller-Hinton
agar according to the Clinical & Laboratory Standards In-
stitute guidelines [9]. The following antibiotic discs were
used: erythromycin 15 g, clindamycin 2 pg, gentamicin
10 pg, ciprofloxacin 5 pug, penicillin G 10 pg, ceftriaxone
30 ug, cefoxitin 30 pg, vancomycin 30 pg, linezolid 30 ug
(Bioanalyse®, Ankara, Turkey). Methicillin resistance in
staphylococci was determined by the cefoxitin disk dif-
fusion method (30 pg) [9]. Penicillin-susceptible Staphy-
lococcus isolates were further tested for beta-lactamase
production using a nitrocefin disk test (Bioanalyse®) [2].
Reference strains S. pneumoniae ATCC 49619 and S. aga-
lactiae ATCC 12403 were used for quality control (QC).
QC of erythromycin and clindamycin disks was performed
by reference S. aureus ATCC 25923 strain according to
a standard disk diffusion QC procedure [9]. In addition,
QC was also performed with laboratory’s own strains of S.
aureus and S. pyogenes which show results of both positive
and negative D-test.

Determination of resistance phenotypes

MLSDb resistance phenotypes were determined by the D-
test. Erythromycin (15 pg) and clindamycin (2 pg) disks
were placed at an edge-to-edge distance of 12 mm on in-
oculated Mueller-Hinton agar. The following MLS resis-
tance phenotypes were detected: erythromycin-sensitive
and clindamycin-sensitive (Er/Cli S), cMLSb which were
resistant to erythromycin and clindamycin, iMLSb which
were determined by placing erythromycin and clindamy-
cin disks in adjacent positions resulting in a D-shaped
zone around the clindamycin disk, susceptible to clinda-
mycin (without blunting zone) and resistant to erythromy-
cin (M/MSb), and resistant to clindamycin and sensitive
to erythromycin (LSa/b).

RESULTS

The overall antimicrobial resistance of the tested isolates is
presented in Table 1, except for vancomycin, linezolid, and
ceftriaxone, since resistance to vancomycin and linezolid
among staphylococci and streptococci, and resistance to
ceftriaxone among streptococci were not detected.
Staphylococci showed the highest resistance rate to
penicillin, while the lowest showed S. pyogenes and S.
agalactiae isolates (Table 1). Methicillin-resistant Staphy-
lococcus aureus (MRSA) (86.2%, 112/130 community- and
87.5%, 28/32 hospital-acquired) and methicillin-resistant
coagulase-negative staphylococci (MRCNS) (87.8%, 43/49
community- and 100%, 22/22 hospital-acquired) isolates
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showed the highest resistance rate to erythromycin, while
S. agalactiae showed the lowest resistance. The highest
resistance rates to clindamycin were among community-
associated strains of S. pneumoniae (38.2%, 21/55) and
MRSA (29.2%, 38/130), while the lowest were among
community-associated strains of methicillin-sensitive
Staphylococcus aureus (MSSA) and methicillin-susceptible
coagulase-negative Staphylococcus (MSCNS). S. agalactiae
(72.7%, 101/139 community- and 72.7%, 8/11 hospital-
associated) and MRSA (65.6%, 21/32 hospital-acquired)
isolates showed the highest resistance rate to gentamicin,
while MSSA and MSCNS isolates showed the lowest re-
sistance. MRSA (40.8%, 53/130 community- and 53.1%,
17/32 hospital-acquired) and MRCNS (34.7%, 17/49
community- and 40.9%, 9/22 hospital-acquired) isolates
showed the highest resistance rate to ciprofloxacin, while
S. pneumoniae and MSSA isolates showed the lowest re-
sistance rate (Table 1).

A comparison between hospital- and community-asso-
ciated isolates showed significantly (p < 0.05) higher resis-
tance rate to gentamicin in hospital-associated S. aureus,
MSSA, and MRSA isolates than in community-associat-
ed ones (Table 1). MRSA compared to MSSA hospital-
and community-acquired isolates showed significantly
(p < 0.05) higher resistance rate to all observed antibiotics.
CNS isolates showed significantly (p < 0.05) higher resis-
tance rate to cefoxitin and erythromycin in hospital- than
in community-associated isolates. MRCNS compared to
MSCNS community-acquired isolates showed significant-
ly (p < 0.05) higher resistance rate to penicillin and gen-
tamicin. MRCNS compared to MSCNS community- and
hospital-acquired isolates showed significantly (p < 0.05)
higher resistance to cefoxitin, erythromycin, and cipro-
floxacin. A comparison between S. pneumoniae isolates
showed significantly (p < 0.05) higher resistance rate to
cefoxitin in hospital- than in community-associated iso-
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lates. Significant differences (p < 0.05) were found between
S. pneumoniae and S. agalactiae to penicillin, clindamycin,
gentamicin, and ciprofloxacin (in community-acquired
isolates), and to erythromycin (in community- and hos-
pital-acquired isolates); between S. pneumoniae and S.
pyogenes to penicillin, erythromycin, and clindamycin (in
community-acquired isolates); between S. agalactiae and
S. pyogenes to penicillin, gentamicin, and ciprofloxacin (in
community-acquired isolates) (Table 1).

The iMLSB was the most prevalent phenotype among
methicillin-resistant and methicillin-susceptible staphy-
lococci except among hospital-acquired MSCNS strains,
where M/MSD resistance phenotype was dominant (Ta-
ble 2). The cMLSb phenotype was the most prevalent in
MRSA strains (27.7%, 36/130 from outpatient and 21.9%,
7/32 inpatient specimens). LSa/b phenotype was the rar-
est among all of MLS resistance phenotypes and most
common in MRSA strains from inpatient samples and in
MSCNS and MSSA strains from outpatient samples.

A comparison between inpatient and outpatient iso-
lates showed a significant (p < 0.05) difference in MRSA
and MSCNS isolates with M/MSb phenotype (Table 2). A
comparison between MRSA and MSSA isolates showed
a significant (p < 0.05) difference among community-ac-
quired isolates in the frequency of Er/Cli S, cMLSb, and
iMLSb phenotypes, and among hospital-acquired isolates
in the frequency of Er/Cli S and cMLSb phenotypes. A
comparison between MRCNS and MSCNS isolates showed
a significant (p < 0.05) difference among community-ac-
quired isolates in the prevalence of Er/Cli S, and among
hospital-acquired isolates in the prevalence of Er/Cli S and
iMLSD phenotypes (Table 2).

The cMLSb was the most prevalent phenotype among
S. pneumoniae from outpatient isolates, among S. agalac-
tiae from inpatient and outpatient isolates, and among
S. pyogenes from inpatient isolates (Table 3). The M/MSb

Table 1. Antimicrobial resistance rates among community- and hospital-acquired staphylococci and streptococci isolates

Cefoxitin Penicillin Erythromycin Clindamycin Gentamicin Ciprofloxacin
Bacteria Comm. | Hosp. | Comm. | Hosp. | Comm. | Hosp. | Comm. | Hosp. | Comm. | Hosp. | Comm. | Hosp.
n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%) | n/N (%)
S. aureus 130/784 | 32/160 | 723/784 | 142/160 | 464/784 | 94/160 | 68/784 | 10/160 | 159/784 | 56/160 | 96/784 | 23/160
’ (16.6) (20) (92.2) (88.8) (59.2) (58.8) (8.7) (6.3) (20.3) (35) (12.2) (14.4)
MRSA 130/130 | 32/32 |130/130 | 32/32 |112/130| 28/32 | 38/130 8/32 58/130 | 21/32 | 53/130 | 17/32
(100) (100) (100) (100) (86.2) (87.5) (29.2) (25) (44.6) (65.6) (40.8) (53.1)
MSSA 0/654 0/128 | 593/654 | 110/128 | 352/654 | 66/128 | 30/654 2/128 | 100/654 | 37/128 | 40/654 5/128
(0) (0) (90.7) (85.9) (53.8) (51.6) (4.6) (1.6) (15.3) (28.9) (6.1) (3.9
CNS 49/583 | 22/116 | 527/583 | 110/116 | 343/583 | 83/116 | 74/583 | 11/116 | 112/583 | 29/116 | 58/583 | 19/116
(8.4) (19) (90.4) (94.8) (58.8) (71.6) (12.7) (9.5) (19.2) (25) (9.9 (16.4)
MRCNS 49/49 22/22 49/49 22/22 43/49 22/22 10/49 1/22 28/49 9/22 17/49 9/22
(100) (100) (100) (100) (87.8) (100) (20.4) (4.5) (57.1) (40.9) (34.7) (40.9)
MSCNS 0/534 0/94 478/534 | 88/94 | 300/534 | 61/94 64/534 10/94 82/534 20/94 41/534 11/94
(0) (0) (89.5) (93.6) (56.2) (64.9) (12) (10.6) (15.4) (21.3) (7.7) (11.7)
S. pneumoniae 14/55 7/9 5/55 1/9 35/55 7/9 21/55 2/9 24/55 3/9 0/55 0/9
-P (25.5) (77.8) 9.1 (11.1) (63.6) (77.8) (38.2) (22.2) (43.6) (33.3) (0) (0)

. 0/139 0/11 45/139 2/1 30/139 /11 101/139 | 8/11 45/139 4/1
S.agalactiae - . 0) © | 324) | (182 | 16) | O | 727 | 727) | 324) | (364)
S pyogenes ) ) 0/238 0/26 | 104/238 | 12/26 | 40/238 7/26 79/238 | 10/26 | 51/238 6/26

-PYog (0) (0) 437) | 462) | (168) | (269) | (332) | (385) | (214) | (23.1)

MRSA - methicillin-resistant S. aureus; MSSA — methicillin-susceptible S. aureus; CNS - coagulase-negative staphylococci; MRCNS — methicillin-resistant
coagulase-negative staphylococci; MSCNS - methicillin-susceptible coagulase-negative staphylococci
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Table 2. The frequency of macrolide-lincosamide-streptogramin resistance phenotypes among community- and hospital-acquired staphylo-

cocci isolates

MRSA MSSA MRCNS MSCNS

Phenotypes | Comm. Hosp. Comm. Hosp. Comm. | Hosp. Comm. Hosp.
ne | nee | P n | ne | P | ne | nee | P no) | ne | P

Er/Cli S 6(12.3) | 3(94) 0.768 | 299 (45.7) | 62(48.4) | 0.628 | 6(12.2) 0(0) 0.167 |225(42.1) | 32(34) 0.172
cMLSb 36 (27.7) | 7(21.9) | 0.656 27 (4.1) 2(1.6) 0.205 |10(20.4) | 1(4.5) 0.154 | 55(10.3) 9(9.6) 1.00
M/MSb 6(12.3) {10(31.3) | 0.014 | 91(13.9) | 24(18.8) | 0.172 | 13(26.5) | 10(45.5) | 0.169 | 98(18.4) |27 (28.7) | 0.024
iMLSb 60 (46.2) | 11(344) | 0.242 | 234(35.8) | 40(31.3) | 0.362 |20(40.8) | 11(50) 0.605 | 147 (27.5) | 25(26.6) | 0.900
LSa/b 2(1.5) 1(3.1) 0.485 3(0.5) 0(0) 1.00 0(0) 0(0) 1.00 9(1.7) 1(1.1) 1.00
Total 130(100) | 32 (100) 654 (100) | 128 (100) 49 (100) | 22 (100) 534 (100) | 94 (100)

MRSA - methicillin-resistant S. aureus; MSSA — methicillin-susceptible S. aureus; MRCNS - methicillin-resistant coagulase-negative staphylococci; MSCNS

- methicillin-susceptible coagulase-negative staphylococci; Er/Cli S - susceptibility to erythromycin and clindamycin; cMLSb - constitutive resistance to
macrolide-lincosamide-streptogramin B; M/MSb - resistance to macrolide/macrolide-streptogramin B; iMLSb — inducible resistance to macrolide-lincosamide-
streptogramin B; LSa/b - resistance to lincosamide-streptogramin A / streptogramin B

Table 3. The frequency of macrolide-lincosamide-streptogramin resistance phenotypes among community- and hospital-acquired streptococci

isolates
S. pneumoniae S. agalactiae S. pyogenes
Phenotypes
Comm. n (%) | Hosp.n (%) o] Comm.n (%) | Hosp. n (%) p Comm. n (%) | Hosp. n (%) p

Er/Cli S 20 (36.4) 2(22.2) 0.706 85(61.2) 9(81.8) 0.211 134 (56.3) 14 (53.8) 0.837
cMLSb 21(38.2) 2(22.2) 0.469 21(15.1) 1(9.1) 1.00 40 (16.8) 7 (26.9) 0.276
M/MSb 9(16.4) 3(33.3) 0.351 18(12.9) 1(9.1) 1.00 45 (18.9) 5(19.2) 1.00
iMLSb 5(9.1) 2(22.2) 0.253 6(4.3) 0(0) 1.00 19(8) 0(0) 0.232
LSa/b 0(0) 0(0) 1.00 9(6.5) 0(0) 1.00 0(0) 0(0) 1.00
Total 55(100) 9(100) 139 (100) 1(100) 238 (100) 26 (100)

Er/Cli S - susceptibility to erythromycin and clindamycin; cMLSb - constitutive resistance to macrolide-lincosamide-streptogramin B; M/MSb - resistance to
macrolide/macrolide-streptogramin B; iMLSb - inducible resistance to macrolide-lincosamide-streptogramin B; LSa/b - resistance to lincosamide-streptogramin

A/ streptogramin B

was the most prevalent phenotype among S. pneumoniae
from inpatient isolates, and among S. pyogenes from out-
patient isolates.

There was no significant (p > 0.05) difference between
community- and hospital-acquired streptococci isolates
in the frequency of MLS resistance phenotypes (Table 3).
A comparison between S. pneumoniae and S. agalactiae
showed a significant (p < 0.05) difference among com-
munity-acquired isolates in the frequency of Er/Cli S and
c¢MLSb phenotypes, and among hospital-acquired isolates
in the frequency of Er/Cli S. A comparison between S.
pneumoniae and S. pyogenes showed a significant (p < 0.05)
difference among community-acquired isolates in the fre-
quency of Er/Cli S and cMLSb phenotypes (Table 3).

DISCUSSION

Development of antimicrobial resistance in staphylococci
and streptococci includes the emergence of multidrug-
resistant bacteria. Initially, MRSA strains mainly caused
hospital infections [10]. However, since about a decade
ago, the number of community-acquired MRSA strains
has significantly increased in a number of countries [10].

All of our staphylococcal and streptococcal isolates were
susceptible to vancomycin and linezolid, and all of beta-
hemolytic streptococcal isolates were susceptible to penicil-
lin and ceftriaxone, similar to other researchers [11, 12, 13].

In our study, 20% (32/160) of hospital-associated and
16.6% (130/784) of community-associated S. aureus iso-
lates were resistant to methicillin, with no significant
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difference in prevalence between hospital and commu-
nity MRSA strains. The prevalence of hospital-associated
MRSA strains in Belgium, Bulgaria, and France based on
2015 surveillance data were similar to ours, whereas those
in Romania, Malta, Portugal, Cyprus, and Greece were
much higher (over 30%) [3]. Regarding coagulase-nega-
tive staphylococci, we found 8.4% (49/583) of community-
acquired and 19% (22/116) of hospital-acquired MRCNS
isolates, whereas other authors found higher percentage
(62.2%) of MRCNS isolates among hospital strains [14].
In our study, all of MRSA and MRCNS isolates were re-
sistant to penicillin, which was in accordance with a global
report of antimicrobial susceptibility testing [10]. More
than half of Staphylococcus isolates in our study were resis-
tant to erythromycin, similar to global macrolide resistance
rate in staphylococci [15]. We found that more than 85%
of MRSA and MRCNS isolates showed significantly higher
resistance to erythromycin than the MSSA and MSCNS
isolates (about 55%). Similar data have been reported in
other regions of Serbia and Greece [14, 16]. We found high
prevalence of resistance to clindamycin, gentamicin, and
ciprofloxacin among community- and hospital-associated
MRSA and MRCNS isolates, and low among MSSA and
MSCNS isolates, similar to other studies [11, 17]. We did
not find a significant difference between community- and
hospital-acquired S. aureus isolates in resistance to all an-
timicrobial agents, except to gentamicin (for both MRSA
and MSSA isolates). In addition, among our CNS isolates,
there were significantly more inpatient isolates resistant
to cefoxitin and erythromycin than outpatient isolates.
Both hospital- and community-acquired MRSA showed
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higher resistance rates to all tested antimicrobial agents
than MSSA isolates, and MRCNS showed higher resistance
rates to all antibiotics than MSCNS isolates (except inpa-
tient isolates to clindamycin), similar to a study conducted
by Kim et al. [17]. However, Povazan et al. [14] found ex-
tremely higher resistance rates to clindamycin, gentamicin,
and ciprofloxacin among their hospital-acquired MRCNS
strains (more than 70%) in relation to ours.

Generally, the iMLSb was the most frequent phenotype
among methicillin-resistant (about 40%) and methicillin-
susceptible staphylococci (about 30%) except outpatient
MSCNS isolates, where the M/MSb phenotype was domi-
nant (28.7%), similar to studies from different geographic
locations [11, 18]. In Europe, there was a high prevalence
(more than 80%) of the cMLSb phenotype in MRSA,
whereas the iMLSb was dominant in MSSA isolates [15,
16]. In our study, there were no significant differences of
prevalence of MLS phenotypes between inpatient and out-
patient staphylococci isolates, except for M/MSb pheno-
type, which was significantly more prevalent in inpatient
than in outpatient MRSA, and MSCNS isolates. Among all
of MLS phenotypes, the rarest LSa/b was found in MRSA,
MSSA, and MSCNS isolates, as well as in France and the
Czech Republic [19, 20]. One of MSSA isolates was differ-
ent from other LSa/b phenotypes by channel of sensitivity
between clindamycin and erythromycin disc, and it looked
like a “keyhole” In South Korea, similar novel phenotype
has been described in 46 of S. agalactiae isolates [5].

There were no significant differences between our com-
munity- and hospital-associated S. pneumoniae isolates in
their resistance to antibiotics. Only a small percentage of our
S. pneumoniae isolates showed resistance to penicillin (9.1%,
5/5 community- and 11.1%, 1/9 hospital-acquired), while
Mladenovi¢-Anti¢ et al. [21] discovered higher resistance
to penicillin (27%) in hospital-acquired pneumococci iso-
lates in the first decade of this century in the Nisava region,
Serbia. In our region, we discovered a very high resistance
rate to erythromycin in S. pneumoniae (63.6%, 35/55 com-
munity- and 77.8%, 7/9 hospital-acquired isolates), which
was in accordance with findings by Dini¢ et al. [22] (78.4%
and 65.6%, respectively). However, Hadnadev et al. [23] and
Mija¢ et al. [4] found lower rate of resistance to erythromy-
cin in S. pneumoniae (36% and 45%, respectively) in their
studies in Serbia. Some parts of Malta and Romania had
similar prevalence rate of macrolide resistance among S.
pneumoniae in 2012 and 2015 to our findings. Wide inter-
country variations in the emergence of macrolide-resistant
S. pneumoniae were recorded across Europe, with preva-
lence ranging from 0% to 74% in a period from 2012 to 2015
[3]. Also, a very high resistance rate to clindamycin among
our community-associated strains of S. pneumoniae (38.2%,
21/55) was detected, while neither one of our S. pneumoniae
isolates showed resistance to ciprofloxacin, which was simi-
lar to other researches from Serbia [22, 24].

In our region, cMLSb phenotype was the most preva-
lent (38.2%) of all S. pneumoniae isolates from outpatient
samples, whereas the M/MSb (33.3%) was dominant
among hospital-acquired isolates. Different from our
findings, authors from the Nisava district and central and
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northern parts of Serbia found that the dominant MLS
resistance phenotype was cMLSb among hospital isolates
of S. pneumoniae, but authors from Italy yielded results
similar to our findings [22, 23, 25, 26].

There have been no S. agalactiae isolates resistant to
penicillin and ceftriaxone in Italy either [13]. Our S. aga-
lactiae isolates showed relatively high resistance rates to
erythromycin (32.4%, 45/139 community- and 18.2%,
2/11 hospital-acquired) and clindamycin (21.6%, 30/139
community- and 9.1%, 1/11 hospital-acquired). In Italy,
the same resistance to erythromycin (19%) was observed
among S. agalactiae isolates as was the case in Spain, but
the resistance to clindamycin was significantly higher
(53%) [6, 13]. There was a similarity between our region
and regions of the United States regarding resistance rate
to erythromycin among S. agalactiae isolates (ranged from
38% to 41.9%) [27]. In our area, very high resistance rates
to gentamicin (about 70%) and ciprofloxacin (about 30%)
among both community- and hospital-associated S. aga-
lactiae isolates were found.

The cMLSb resistance phenotype was dominant among
S. agalactiae community-acquired strains, whereas the
same proportions of cMLSb and M/MSb were found as
the commonest resistance phenotype among hospital-
acquired S. agalactiae isolates, consistent with other stud-
ies [13, 27]. We detected a small percentage of rare LSa/b
resistance phenotype (6.5%, 9/139) among community-
acquired S. agalactiae isolates, similar to another study
[13]. Resistance rate to macrolides and lincosamides in
S. agalactiae has been steadily increasing, although it varies
greatly between regions [13].

We did not find a strain resistant to penicillin among
S. pyogenes isolates, so it remains the first-line antibiotic
in the treatment of S. pyogenes infections [28]. Very high
resistance rates to erythromycin among our S. pyogenes
(43.7%, 104/238 community- and 46.2%, 12/26 hospital-
acquired) isolates were found, while the reported resis-
tance rate to erythromycin among community-acquired
S. pyogenes isolates in Serbia from 2004 to 2009 was only
19% [4]. Resistance rates to erythromycin, clindamycin,
gentamicin, and ciprofloxacin among our S. pyogenes iso-
lates were higher than in other parts of Serbia and some
European countries [7, 29]. The very high resistance to
erythromycin among our S. pyogenes isolates can be ex-
plained by uncontrolled and excessive consumption of
total macrolides and long-acting macrolides (i.e. azithro-
mycin) and other antibiotics in Southeast Serbia.

Dominance of the M/MSb phenotype among commu-
nity-acquired S. pyogenes isolates observed in our study
corresponds well with the results of many other studies
[25, 28, 29]. In addition, cMLSb was the most common
resistance phenotype among our hospital-associated
S. pyogenes isolates. However, MLS phenotype is increas-
ingly reported in Europe [7].

In general, the resistance rates to macrolides and lin-
cosamides showed wide variations in bacterial species and
geographical region. These variations were mostly devel-
oped because of differences in antimicrobial use, infec-
tion prevention, and infection control practices in different
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regions. Monitoring the frequency of staphylococcal and
streptococcal resistance to macrolides and lincosamides
and various mechanisms of resistance at the local level
is essential for determining empirical therapy. Physicians
should consider local and regional resistance patterns
when they choose an appropriate medication for the treat-
ment of both inpatient and outpatient staphylococcal and
streptococcal infections.

CONCLUSION

This study is the first extensive report on macrolide and
lincosamide resistance of common hospital- and commu-
nity-associated staphylococcal and streptococcal isolates
in Southeast Serbia. Our results indicated that there was a
significant prevalence of the iMLSb resistance phenotype
in all inpatient and outpatient staphylococcal isolates, and
phenotypic triaging of all staphylococci is necessary in or-
der to distinguish inducible resistance and truly clindamy-
cin-susceptible isolates. The methicillin-resistant inpatient
and outpatient staphylococci isolates were significantly
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more resistant to penicillin, erythromycin, clindamycin,
gentamicin, and ciprofloxacin than methicillin-sensitive
ones. Our findings also indicate a very high resistance to
macrolides in both inpatient and outpatient S. pneumoni-
ae, S. pyogenes, and S. agalactiae isolates, which reached
77.8%, 46.2%, and 32.4%, respectively, so these antibiot-
ics should not be recommended for empirical therapy of
infection caused by these bacteria. Penicillins remain the
drugs of choice for treatment of streptococcal infections
in our local area. Because of constant changes of resistance
rates to antibiotics, survey of the antibiotic usage and de-
velopment of resistance is recommended.
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CAXETAK

YBoa/Lum Pactyha pe3sncteHuumja Ha Makponuae 1 IMHKO3a-
Muae Kof cTadbUnoKoKa 1 CTPENTOKOKa je noctana rnobanHu
npobnem.

Linrb oBe cTyauje je 610 fa MCTPaXXu yuecTanocT Makponua-
nuHKo3amma-ctpentorpamuH (MJ1C) peHoTMMNOBa pe3ncTeH-
Lmje Kop n3onata cTadpuioKoKa 1 CTPEMNTOKOKaA Y jyroucTOUHO]
Cpbujn.

MeTtoge MJIC deHoTnoBY 6unu cy ytpheHmn andysnoHom
MEeTOAOM Aynnor gucka Ha 2.121 601HMYKOM 1 aMbynaHTHOM
n3onary cTapuioKoKa 1 CTPENTOKOKA NMPUKYM/bEHOM TOKOM
jepHoroguwkser nepuopa y LieHTpy 3a Mukpobronorujy.
PesyntaTth V130natu ctadpunoKkoka pesncTeHTHUX Ha METULIUINH
OV Cy PE3NCTEHTHMjU HA NEHVLIUIVH, EPUTPOMULIMH, KNMHAA-
MULH, FEHTaMULMH 1 LnpodnokcaumH (100%, 100%, 29,2%,
65,6% 1 53,1%, peaoM) HEro OCeT/bMBM Ha METULMINH (93,6%,
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64,9%, 12%, 28,9% n 11,7%, pepom). hayunbunHu deHoTun
PEe3MCTEHTaH Ha KNMHAAMWLVH je 6110 AOMMHAHTaH KOA 130MaTa
S. aureus n ctadbunokona HeraTMBHYKX Ha Koarynasy. /3onatu
S. pneumoniae, S. pyogenes v S. agalactiae nokasanu cy Beoma
BUCOKY pe3ncTeHLUjy Ha epuTpoMuLvH (77,8%, 46,2% v 32,4%,
penom). CBM n3onatu ctapuiokoKa 1 CTpenpoKoKa 6unu cy
OCET/bMBYM Ha BAaHKOMULVH 1 IMHE30NIUA, @ CBY U30n1aTy beTa-
XEMONUTNYKIMX CTPENTOKOKA Ha MEHWULIIIVH 1 LIeTPUAKCOH.
3akmpyyvak OeHoTrNCcKa Tpujaxa CTadpuIOKOKa je HeomnxoAHa
Aa 6u ce oABOjUNN MHAYLUMOUNHO PE3NCTEHTHY Of M30aTa
CTBapHO OCET/bMBUX Ha KNUHAAMULMH. Makponuam ce He npe-
ropyuyyjy 3a eMnmpujcky Tepanujy CTpenToKoKHUX UHdeKLmja.
MeHNUMNVH ocTaje nek M36opa 3a TPeTMaH CTaPpUNOKOKHUX
MHEKLMja y Halem OKpyry.

KmbyuHe peun: ctadunokoke; ctpentokoke; MJ1C dbeHoTMnOBM
pe3sucTeHuuje; nHAYUMOUnHa pesncteHumja Ha KNMHAAMULIMH
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Macrolides, lincosamides, and streptogramins (MLS) resistance genes are responsible
for resistance to these antibiotics in Staphylococcus infections. The purpose of the study
was to analyze the distribution of the MLS resistance genes in community- and hospital-
acquired Staphylococcus isolates. The MLS resistance phenotypes [constitutive
resistance to macrolide—lincosamide—streptogramin B (cMLSb), inducible resistance to
macrolide-lincosamide-streptogramin B (IMLSb), resistance to macrolide/macrolide—
streptogramin B (M/MSb), and resistance to lincosamide—streptogramin A/streptogramin
B (LSa/b)] were determined by double-disc diffusion method. The presence of the MLS
resistance genes (ermA, ermB, ermC, msrA/B, InuA, InuB, and IsaA) were determined
by end-point polymerase chain reaction in 179 isolates of staphylococci collected during
1-year period at the Center for Microbiology of Public Health Institute in Vranje. The most
frequent MLS phenotype among staphylococcal isolates, both community-acquired and
hospital-acquired, was iIMLSb (33.4%). The second most frequent was M/MSb (17.6%)
with statistically significantly higher number of hospital-acquired staphylococcal isolates
(o < 0.05). MLS resistance was mostly determined by the presence of msrA/B (35.0%)
and ermC (20.8%) genes. Examined phenotypes were mostly determined by the pres-
ence of one gene, especially by msrA/B (26.3%) and ermC (14.5%), but 15.6% was
determined by a combination of two or more genes. M/MSb phenotype was the most
frequently encoded by msrA/B (95.6%) gene, LSa/b phenotype by InuA (56.3%) gene,
and iIMLSb phenotype by ermC (29.4%) and ermA (25.5%) genes. Although cMLSb
phenotype was mostly determined by the presence of ermC (28.9%), combinations of
two or more genes have been present too. This pattern was particularly recorded in
methicillin-resistant Staphylococcus aureus (MRSA) (58.3%) and methicillin-resistant
coagulase-negative staphylococci (MRCNS) (90.9%) isolates with cMLSB phenotype.
The msrA/B gene and M/MSb phenotype were statistically significantly higher in
hospital-acquired than community-acquired staphylococci strains (p < 0.05). There are
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no statistically significant differences between staphylococci harboring the rest of MLS
resistance genes acquired in community and hospital settings (o > 0.05). The prevalence
of IMLSb phenotypes may change over time, so it is necessary to perform periodic
survey of MLS resistance phenotypes, particularly where the D-test is not performed

routinely.

Keywords: staphylococci, MLS resistance, resistance phenotypes, erm genes, polymerase chain reaction
genotyping, hospital-acquired infection, community-acquired infection

INTRODUCTION

The Staphylococcus spp. includes at least 40 species, some of them
may cause a wide variety of diseases in humans and animals, while
some of them are generally non-pathogenic and considered to be
commensal. Staphylococcus aureus is one of the most important
bacteria that cause skin and soft tissue infections and number
of serious other medical problems in human. Today, coagulase-
negative staphylococci (CNS), as opportunists, become one of a
major cause of hospital acquired infection (1).

Since Staphylococcus spp. has become resistant to many impor-
tant antibiotics, the possibility that “older” compounds such as
erythromycin and clindamycin still have ability to maintain the
efficiency is very important to keep new resistance from develop-
ing. Over the past decade, an excessive and inappropriate use of
antibiotics for human and animal treatment, as well as, animal
feed supplements for growth promotion, has led to an increase
in a number of staphylococci acquiring cross-resistance to mac-
rolides, lincosamides, and streptogramins (MLS) antibiotics.

The mechanisms of resistance to MLS antibiotics are mainly
related to the inhibition of protein synthesis. This can be mediated
by several mechanisms: (a) ribosomal binding site modification
(by methylation or mutation in the 23S rRNA gene) encoded by
erm genes (ermA, ermB, ermC, ermY, and ermF), (b) active efflux
mediated by msrA/B gene, and (c) enzymatic modification of
antibiotics (2).

The dimethylation of adenine A2058, at the N6 position which
is located in the region of the peptidyl transferase loop in domain
V of 23S rRNA in the 50S ribosomal subunit of bacteria, leads
to cross-resistance between macrolides, lincosamides, and strep-
togramin group B (MLSb) (2). The family of genes responsible
for this methylation is named erm (erythromycin ribosomal
methylase) and now there are 21 different classes of identified
erm genes (3). Since the erythromycin binding site on the 50S
ribosome subunit overlaps the binding site of the newer MLSb,
the modification by methylase(s) reduces the binding of all three
classes of antibiotics, causing MLSb resistance phenotype (4).

Abbreviations: MLS, macrolides, lincosamides, and streptogramins; Er/Cli S,
susceptibility to erythromycin and clindamycin; cMLSD, constitutive resistance
to macrolide-lincosamide-streptogramin B; M/MSDb, resistance to macrolide/
macrolide-streptogramin B; iMLSb, inducible resistance to macrolide-lincosa-
mide-streptogramin B; LSa/b, resistance to lincosamide-streptogramin A/strep-
togramin B; MSSA, methicillin-sensitive S. aureus; MRSA, methicillin-resistant S.
aureus; MSCNS, methicillin-sensitive coagulase-negative staphyloccoci; MRCNS,
methicillin-resistant coagulase-negative staphylococci; PCR, polymerase chain
reaction; CLSI, Clinical and Laboratory Standards Institute.

The expression of erm genes is manifested as either constitu-
tive or inducible macrolides, lincosamides, and streptogramin
B phenotype [constitutive resistance to macrolide-lincosamide-
streptogramin B (cMLSb) or inducible resistance to macrolide-
lincosamide-streptogramin B (iMLSb)]. In iMLSb phenotype,
the bacteria produce inactive methylase mRNA, which becomes
active only in the presence of a macrolide as an inducer. In the
presence of inducer (erythromycin) a rearrangement of the mRNA
occurs, allowing the methylase-coding sequence translation (5).
In contrast, in bacteria showing cMLSb resistance phenotype,
active methylase mRNA is produced in the absence of an inducer.

The active efflux of antibiotics is the second important mecha-
nism of resistance in staphylococci. The msrA, msrB, and newly dis-
covered msrC gene encode the ATP-dependent efflux pump (ABC),
which determines resistance to 14-membered and 15-membered
macrolides and streptogramin type B in Staphylococcus spp. (MSb
resistance phenotype) (6). An active efflux ABC transporter-like
transmembrane protein is encoded by Isa genes: IsaA and IsaC.
It belongs to mechanism of resistance mediated by active efflux
of antibiotics, causing the resistance to lincosamides and strepto-
gramin type A phenotype (7).

In contrast to MLSb resistance phenotype, specific resistance
to lincosamides and streptogramin type B (LSb) is mediated by
enzymatic inactivation of the antibiotic. The most important
enzymes that modify antibiotics are lincosamide nucleotidyl
transferases encoded by Inu genes (formerly lin): InuA and InuB
genes. In staphylococci, these enzymes are responsible for resist-
ance to lincosamides and streptogramin type B phenotype (8).

Macrolides, lincosamides, and streptogramins resistance
genes are responsible for resistance to MLS in community- and
hospital-acquired = Staphylococcus infections. Therefore, the
purpose of the study was to analyze the distribution of the MLS
resistance genes in Staphylococcus isolates and their distribution
among community- and hospital-acquired isolates.

MATERIALS AND METHODS

Bacterial Strains

A total of 1,643 staphylococcus isolates collected during 1-year
period at the Center for Microbiology of Public Health Institute
in Vranje were obtained from various clinical specimens including
nasal and throat swabs, purulent discharge, and genital secretions,
originating from both outpatient and inpatient populations.
Multiple specimens from the same patient were avoided. The
presence of the MLS resistance genes: ermA, ermB, ermC, msrA/B,
InuA, InuB, and IsaA was determined in 179 staphylococcal isolates
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by end-point polymerase chain reaction (PCR). The bacterial
DNA extraction and amplification of the specific resistance genes
were performed at the Center for Microbiology Institute of Public
Health in Kragujevac, Serbia.

The local ethics committee approved the study according to
the Declaration of Helsinki (No. 01-5072/2013). The authors
declare that informed consent was not required.

Isolation and Identification

Isolation and identification of bacterial strains were performed
using routine microbiological tests. The strains were identified
to the species or genus level by the conventional microbiological
methods.

Determination of Resistance
Phenotypes

All recovered isolates were tested by the double-disc diffusion
method. The MLS resistance phenotypes: ¢cMLSb, iMLSb,
resistance to macrolide/macrolide-streptogramin B (M/MSDb),
and resistance to lincosamide-streptogramin A/streptogramin
B (LSa/b) were determined by double-disc diffusion method
according to Clinical and Laboratory Standards Institute
recommendations (9). Erythromycin (15 pg) and clindamycin
(2 pg) disks were placed at an edge-to-edge distance of 12 mm
on inoculated Mueller-Hinton agar. Resistance to erythromy-
cin and clindamycin indicates a constitutive MLSb resistance
(cMLSb). The clindamycin diffusion zone which was blunted
proximal to the erythromycin disk or showing D shape was
considered as inducible type of resistance (iMLSb phenotype).
Susceptibility to clindamycin and resistance to erythromycin
defined the M/MSb phenotype. The isolates resistant to clin-
damycin and sensitive to erythromycin were defined as LSa/b
phenotype.

Isolation of Bacterial DNA

Bacterial DNA were extracted by PrepMan Ultra sample
Preparation Reagent (Applied Biosystems, Inc.), according to
the manufacturer’s guidelines. All extracted DNA samples were
stored at —70°C prior to further analysis.

Identification of Genes
by Multiplex PCR

The sequences of the primers are presented in Table 1. PCR con-
ditions for the primer sets have been as previously described by
Rizzotti et al., Matsuoka et al., Lozano et al., and Singh and Murray
in their studies (10-13). The final volume of each PCR reaction
was 50 pl and contained 2 pl of genomic DNA, 1 ul of each primer
(Invitrogen), 25 pl of Maxima® Hot Start Green PCR Master Mix
(Fermentas), and 21 ul of DEPC H,O. Positive and negative con-
trols were included in each assay. The reactions were performed
using the Sa Cycler-96 thermocycler (Sacace Biotechnologies
S.rl. Como, Italy), whereas the PCR products were detected by
gel electrophoresis on the E-Gel iBase (Invitrogen) in 2% (w/v)
agarose gel (E-Gel® 2%, Invitrogen) and visualized on the Gel
Doc XR System, including an ultraviolet light transilluminator
(Bio-Rad) (14).

Statistics

Fisher’s exact test is used to compare two proportions at a sig-
nificance level of p < 0.05. The results of the experiments are
presented in tables and figures.

RESULTS

Among 1,643 examined isolates of staphylococci, 944 were iden-
tified as S. aureus. The rest of 699 isolates were characterized as
CNS. Those isolates were further characterized by double-disc
diffusion method to determine the MLS resistance phenotype.
However, the largest number of staphylococcal isolates showed
sensitivity to both macrolide and lincosamide (39.1%). Among
staphylococcal isolates the most common resistance phenotype
was IMLSb (33.4%), the second most prevalent was M/MSb
(17.6%). cMLSDb phenotype was detected in only 8.9% of staphy-
lococcal isolates, and the rarest detected resistance phenotype
was LSa/b (1%).

Distribution of MLS resistance phenotypes by origin of the
staphylococcal isolate (community acquired versus nosocomial)
is presented in Table 2. The most frequent MLS phenotype
among staphylococci isolates, both community-acquired and
hospital-acquired, was iMLSb. There were no statistically sig-
nificant differences between community- and hospital-acquired
staphylococci isolates showing iMLSb, cMLSb, LSa/b phenotype,
and sensitivity to both erythromycin and clindamycin (p > 0.05).
However, there was statistically significantly higher number of
hospital-acquired staphylococcal isolates showing M/MSb phe-
notype (p < 0.05) (Table 2).

One hundred and 79 strains of staphylococcus isolates show-
ing different MLS phenotypes were selected for further analysis.
End-point PCR was performed to detect clinically relevant MLS
resistance genes. The most commonly detected MLS resistance
genes among staphylococci isolates were msrA/B, followed by
erm genes: ermC, ermB, and ermA. In 9.8% of staphylococcal

TABLE 1 | Primer sequences and PCR fragment size of tested MLS resistance
genes.

Gene Primers sequence (5'-3') PCR Reference
fragment
size (bp)
ermA  F: TCTAAAAAGCATGTAAAAGAA 645 (10)
R: CTTCGATAGTTTATTAATATTAG
ermB  F: GAAAAGTACTCAACCAAATA 639 (10)
R: AGTAACGGTACTTAAATTGTTTA
ermC  F: TCAAAACATAATATAGATAAA 642 (10)
R: GCTAATATTGTTTAAATCGTCAAT
msrA  F: GGCACAATAAGAGTGTTTAAAGG 940 (11)
R: AAGTTATATCATGAATAGATTGTCCTGTT
msrB  F: TATGATATCCATAATAATTATCCAATC 595 (11)
R: AAGTTATATCATGAATAGATTGTCCTGTT
InuA  F: GGTGGCTGGGGGGTAGATGTATTAACTGG 323 (12)
R: GCTTCTTTTGAAATACATGGTATTTTTCGATC
InuB  F: CCTACCTATTGTTTGTGGAA 925 (12)
R: ATAACGTTACTCTCCTATTC
IsaA  F: GGCAATCGCTTGTGTTTTAGCG 1,200 (13)

R: GTGAATCCCATGATGTTGATACC

MLS, macrolides, lincosamides, and streptogramins; PCR, polymerase chain reaction.
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isolates showing iMLSb, M/MSb, or LSa/b resistance phenotype,
MLS resistance genes have not been found.

The observed MLS phenotypes of resistance were the most
frequently determined by a single gene, and those genes mostly
were msrA/B and ermC. However, these phenotypes were also

TABLE 2 | Distribution of MLS resistance phenotypes by origin of the
staphylococcal isolate (community-acquired versus hospital-acquired);
p-value < 0.05 is considered as statistically significant.

Staphylococcus spp., n (%)

Community-acquired Hospital-acquired p-Value
Er/Cli S 546 (39.9) 97 (35.1) 0.16
cMLSb 128 (9.9) 19 (6.8) 0.20
M/MSb 218 (15.9) 71 (25.7) 0.0001
iMLSb 461 (33.7) 87 (31.5) 0.52
LSa/b 4(1.0) 2(0.7) 1.0
Total 1 367 (100.0) 276 (100.0)

Er/Cli S, susceptibility to erythromycin and clindamycin; cMLSb, constitutive resistance
to macrolide-lincosamide—streptogramin B; M/MSb, resistance to macrolide/
macrolide-streptogramin B; iMLSb, inducible resistance to macrolide-lincosamide—
streptogramin B; LSa/b, resistance to lincosamide-streptogramin A/streptogramin B.

determined by combinations of two or more resistance genes
and the most common detected gene combinations were
ermC + msrA/B, ermB + IsaA, and ermB + msrA/B.

erm A and ermC genes were the most common in methicillin-
sensitive S. aureus (MSSA) isolates, while ermB gene was the
most frequent among methicillin-resistant coagulase-negative
staphylococci (MRCNS). The greatest presence of InuA genes was
detected in methicillin-sensitive coagulase-negative staphylo-
cocci (MSCNS), whereas IsaA gene was, as a single case, detected
only in S. aureus isolates. The highest percentage of msrA/B gene
was identified in MSCNS. The combinations of two or more
resistance genes were the most common in methicillin-resistant
staphylococci isolates (Table S1 in Supplementary Material).

M/MSb resistance phenotype was mostly determined by
msrA/B (95.6%) (Figure 1A), while LSa/b phenotype was mostly
determined by InuA gene (56.3%) (Figure 1B). ermC (29.4%) and
ermA (25.5%) were the most prevalent genes determined as a single
gene iMLSb phenotype (Figure 1C). However, ermC (28.9%) was
the most common gene in staphylococcal isolates with cMLSb-
resistant phenotype. This phenotype was also characterized by
the presence of great number of combinations with two or more
resistance genes. The most common gene combinations in these

Other genes
and
combinations

45.1%

FIGURE 1 | The prevalence and expression of macrolides, lincosamides, and streptogramins resistance genes and their combinations among different phenotypes
of staphylococcal isolates: (A) resistance to macrolide/macrolide-streptogramin B; (B) resistance to lincosamide-streptogramin A/streptogramin B; (C) inducible
resistance to macrolide-lincosamide-streptogramin B; (D) constitutive resistance to macrolide-lincosamide-streptogramin B.
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isolates were ermB + IsaA (15.8%), ermC + msrA/B (13.2%), and
ermB + msrA/B (10.5%) (Figure 1D) (Table S2 in Supplementary
Material). This trend was especially observed in methicillin-
resistant S. aureus (MRSA) (58.3%) and MRCNS (90.9%) strains.
Combinations of genes predominantly determined cMLSb phe-
notype in methicillin-resistant staphylococci. In accordance with
this observation, in one MRCNS strain the combination of four
genes (ermB + InuA + InuB + IsaA) has been detected.

Distribution of MLS resistance genes and their combinations
by origin of the staphylococcal isolate are shown in Table 3.
The msrA/B gene was statistically significantly more common
in hospital-acquired staphylococci isolates than in community-
acquired staphylococci strains (p < 0.05). There are no statistically
significant differences between percentage of staphylococci har-
boring the rest of MLS resistance genes acquired in community
and hospital settings (p > 0.05).

DISCUSSION

Soon after penicillin was introduced, S. aureus strains resist-
ant to penicillin had been found. These penicillin-resistant
S. aureus strains first became prevalent in health-care settings
but then, these strains have also been spread into the community.
Rapidly after introduction of newer antibiotics such as methicil-
lin, erythromycin, and clindamycin, S. aureus and some other
staphylococci species have become resistant to those and other
antibiotics. Finally, multidrug-resistant Staphylococcus strains
have evolved, often causing infections with a fatal outcome (15).
Multidrug-resistant S. aureus and CNS have become a common
cause of both hospital- and community-acquired infection.
The necessity in phenotypic and genotypic tests for discovering

TABLE 3 | Distribution of macrolides, lincosamides, and streptogramins
resistance genes by origin of the staphylococcal isolate (community-acquired
versus hospital-acquired); p-value < 0.05 is considered as statistically significant.

Staphylococcus spp., n (%)

Community- Hospital- p-Value
acquired acquired

ermA 13(8.6) 1(3.4) 0.47
ermB 4(2.6) 2 (6.9) 0.25
ermC 24 (16.0) 2(6.9 0.26
InuA 7 (4.6) 3(10.3) 0.21
IsaA 2 (1.3 0 1.00
msrA/B 34 (22.6) 13 (44.8) 0.02
ermA + ermGC 1(0.6) 0 1.00
ermA + msrA/B 2(1.3) 0 1.0
ermB + ermC 1(0.6) 0 1.0
ermB + IsaA 5(3.3) 1(3.4) 1.0
ermB + msrA/B 4(2.6) 0 1.0
ermC + IsaA 1(0.6) 0 1.0
ermC + msrA/B 7 (4.6) 1(3.4) 1.0
InuA + InuB 1(0.6) 0 1.0
msrA/B + IsaA 1(0.6) 0 1.0
ermB + msrA/B + IsaA 0 1(3.4) 0.16
ermGC + msrA/B + InuA 1(0.6) 0 1.0
ermB + InuA + InuB + IsaA 1(0.6) 0 1.0
No resistance gene 41 (27.9) 5(17.2) 0.35
Total 150 (100) 29 (100)

resistance in clinically relevant staphylococci has become clearer
with the occurrence of strains having borderline minimum
inhibitory concentrations of antibiotics. Identifying MLS resist-
ance phenotype is very important, because iMLSb phenotype
under intensive antibiotic selective pressure converts into cMLSb
phenotype and may lead to treatment failure in patients with
serious staphylococcal infection (16).

In our study, the greatest number of staphylococcal isolates
showed sensitivity to both macrolide and lincosamide and the
most frequent phenotype of resistance was iMLSb, while cMLSb
phenotype was almost the rarest MLS resistance phenotype. This
pattern of MLS resistance was the same among community- and
hospital-associated staphylococcal isolates. Different distribu-
tion of MLS resistance phenotype among methicillin-resistant
staphylococci isolates in India has been reported by Zachariah
et al. (16). They found that the most prevalent phenotype was
M/MSb, and the second most prevalent phenotype was iMLSb.
In contrast, Hamilton-Miller and Shah, Fokas et al. have found
that iMLSb phenotype was more prevalent in relation to the
other phenotypes (17, 18), data similar to our study. The dis-
tribution of MLS resistance phenotypes may vary depending
on geographic area and even the type of patient. This difference
occurs because of various prescription and consumption rates of
macrolides and lincosamides in different geographical regions
and even institutions in the same region because of different
origins of the isolates (hospital- versus community-acquired)
(19). In our study, we found that M/MSb phenotype was sig-
nificantly higher in inpatient than outpatient isolates (p < 0.05).
Similarly, we have detected that msrA gene determining M/
MSb phenotype more frequently in hospital-acquired than in
community-acquired staphylococcal isolates (p < 0.05). This
finding suggests importance of phenotypic differentiation of
truly clindamycin sensitive from false clindamycin-sensitive
staphylococci (iMLSb), especially for staphylococci isolates
from hospital environments. In contrast, Lall and Sahni sug-
gested a higher prevalence of iMLSb in health care-associated
Staphylococcus than community associated (86.5 versus 13.4%,
respectively) (20). Yet, the implication of their study is the same
as ours.

The molecular analysis identified the msrA gene, encod-
ing active efflux pumps in staphylococci bacterial cells, as the
most frequent MLS resistance gene. More than half of the
macrolide-resistant isolates of staphylococci harbored the msrA
gene either alone or in combination with erm genes. Recent
studies demonstrated similar results (21, 22). The ermC gene
was the most common among all erm genes in both S. aureus
and CNS exhibiting cMLSb or iMLSb phenotype. Similar data
were reported by Juda et al. (23). In Brazil, Coutinho et al. (24)
reported low frequency of the ermB gene, data which did not
differ from our study. However, there was only a small number
of staphylococcal isolates with the unusual LSa/b phenotype
harboring [nuA and IsaA genes, in this study. These results are in
line with the studies of Singh and Murray and Dengetal. (13, 25).
The most common detected gene combinations in our study were
ermC + msrA/B, ermB + IsaA, and ermB + msrA/B. As expected,
we identified the greatest number of resistance gene combina-
tions in methicillin-resistant staphylococci isolates. Likewise,

Frontiers in Public Health | www.frontiersin.org

August 2017 | Volume 5 | Article 200


http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive

MiSi¢ et al.

MLS Resistance Genes in Staphylococci

the simultaneous presence of two or more MLS resistance genes
in the same staphylococcal isolate has been reported previously
for hospital-acquired MRSA and MRCNS isolates in Argentina,
USA, and Poland, respectively (26-28). We proposed that the
majority of isolates with simultaneous presence of two or more
MLS resistance genes would have been found among strains iso-
lated from inpatients. Regardless of our expectation, there were
no significant differences in number of staphylococcal isolates
with MLS gene combinations between hospital- and community-
acquired strains (p > 0.05). 9.8% of our isolates showing iMLSb,
M/MSb, or LSa/b resistance phenotype had no MLS resistance
gene. Similar finding has been reported in other studies (19, 29).

In the present study, the highest percentage of msrA/B gene
was identified in MSCNS. Macrolide resistance due to msrA
was more prevalent in CNS than in S. aureus. Similar data were
observed in one study (30), whereas in other studies, the presence
of msrA/B genes has been reported in different rates (31-33).
In our study, ermA and ermC genes were most common in
MSSA isolates. In contrast, Westh et al. (34) detected that ermA
gene is most common in MRSA isolates, whereas ermC gene
was mostly found among their MRCNS isolates. We found ermB
gene mostly among MRCNS, whereas in the study conducted
by Bouchami et al. ermB has not been detected in staphylococci
(35). In our study, InuA gene was the most commonly detected
in MSCNS and similar, almost the same, results were found in
study by Lina et al. (36). For the first time, we detected IsaA gene
as a single gene in S. aureus isolates. IsaA gene in enterococci
encodes a protein, similar to ABC transporters, which export
antimicrobials belonging to the MLS family (37). The IsaA gene
as an intrinsic gene of Enterococcus faecalis showed a high degree
of similarity to a novel gene encoding the ABC transporter
(IsaE gene), which has been already detected in staphylococci.
Transfer of resistance from enterococci to S. aureus has also been
reported to occur for the tetracycline resistance gene tetL and
the trimethoprim resistance gene dfrK (38). Yet, the IsaA gene,
originating from Enterococcus spp. (39), has never been reported
before for S. aureus.

In our study, M/MSb resistance phenotype in staphylococci
isolates was mostly determined by msrA/B, while LSa/b pheno-
type was mostly determined by InuA gene. ermC and ermA were
the most prevalent single genes determining iMLSb phenotype.
In other studies, the presence of ermC and ermA genes has been
reported with different rates (19, 29, 33, 40, 41). However, ermC
gene was the most common gene in staphylococcal isolates with
cMLSb-resistant phenotype. This result is in accordance to the
previous report (42). cMLSb phenotype was also characterized by
the presence of great number of gene combinations: ermB + IsaA,
ermC + msrA/B, and ermB + msrA/B. This trend was particularly
observed in MRSA and MRCNS strains, where these combinations
of genes predominantly determined cMLSb phenotype. In accord-
ance with this observation, in one MRCNS strain the combination
of four genes (ermB + InuA + InuB + IsaA) has been detected.
Hosseini et al. have come across pattern of similar kind (43).

After all, according to all investigated staphylococci, the
iMLSb was the most frequently occurring phenotype. The most
frequently isolated MLS resistance genes among staphylococci
were msrA/B and ermC. M/MSb (msrA/B), LSa/b (InuA), and

iMLSb (ermA/C) were dominantly determined with a single
gene. cMLSb phenotype was mostly determined by ermC and
combinations of genes (ermC + msrA/B and msrA/B + IsaA).
The M/MSb phenotype and msrA/B gene that determine this
phenotype were significantly more frequent in staphylococci
acquired in hospital than in community. Based on these results,
clindamycin can be used for empiric antimicrobial therapy for
infections such as skin and soft tissue infections in inpatients,
before the individuals laboratory results of in vitro antibiotic
susceptibility testing are available.

However, the iMLSb phenotype was the most common
in our study, either among community- or hospital-acquired
Staphylococcus isolates. Therefore, the big concern remains for
patients with severe staphylococcal infection treated with clinda-
mycin, they could be at risk of unsuccessful treatment and poor
outcome if staphylococcal isolates showed inducible clindamycin
resistance (44). The simple test like D-test on staphylococcal
strains can separate the isolates with genetic mechanism for the
development of clindamycin resistance during therapy from
those that are truly susceptible to clindamycin. If we do not
perform routinely D-test, all strains of staphylococci including
those with iMLSD resistance phenotype will be reported as clin-
damycin sensitive. On the contrary, if all erythromycin-resistant
staphylococcal strains are declared as a resistant to clindamycin,
a safe and effective antibiotic will be omitted from the treat-
ment in patients infected with isolates carrying an active efflux
mechanism that confers only resistance to macrolides (35). In our
study, we reported that 56.7% actually (M/MSb and susceptibil-
ity to erythromycin and clindamycin) and 33.4% falsely (iMLSb)
clindamycin-sensitive Staphylococcus spp. strains have led to such
a small percentage of clindamycin resistance 9.9% (cMLSb and
LSa/b) instead of 49.0% (iMLSb and cMLSb and LSa/b) among
staphylococcal isolates. Therefore, it is necessary to monitor
the prevalence of iMLS phenotype, especially in areas where
the occurrence of methicillin-resistant staphylococcal strains
resulted in empirical use of macrolides and lincosamides for the
treatment of staphylococcal infections. The prevalence of iMLSb
phenotypes may change over time, so it is necessary to perform
sporadically survey of MLS resistance phenotypes, particularly
where the D-test is not performed routinely.
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Prevalence of inducible clindamycin resistance among community-associated

staphylococcal isolates in central Serbia

AD Aleksandra, MS Misic, ZV Mira, NM Violeta, IT Dragana, BM Zoran, VS Dejan, SD Milanko, *BD Dejan,

Abstract

The emergence of resistance to most antimicrobial agents in staphylococci indicates the need for new effective agents
in the treatment of staphylococcal infections. Clindamycin is considered to be one safe, effective and less costly
agent. We analysed 482 staphylococcal isolates. Detection of inducible clindamycin resistance was performed by the
D-test, while the presence of methylases genes: erm (A), erm (B) and erm (C), as well as, macrolide efflux gene mef
was determined by polymerase chain reaction. Inducible clindamycin resistance phenotype was significantly higher in
Staphylococcus aureus (S. aureus) strains then in coagulase-negative staphylococci (CNS). Among analysed S. aureus
isolates, the predominance of the erm (C) gene, followed by the erm (A) gene were detected. These results indicate that
the D-test should be routinely performed on each staphylococcal isolates.

Key words: Coagulase-negative staphylococci, inducible clindamycin resistance, Staphylococcus aureus

Introduction
The increasing prevalence of resistance to most
antimicrobial ~ agents in  staphylococci,  especially

spread of resistant strains in the community, signify the
need for new effective agents to treat staphylococcal
infections. Widespread use of macrolide-lincosamide—
streptogramin (MLS) antibiotics, has led to an increase in a
number of staphylococci acquiring cross-resistance to MLS
antibiotics.l'! This cross-resistance to MLS antibiotic (MLS
resistance) in staphylococci, is generally attributable to one of
two mechanisms.

First is an active efflux, due to energy-dependent pump,
which expels antimicrobial agents from the bacterial cell.
Efflux mechanism is encoded by mrs (4) gene and confers
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resistance to macrolides and type B streptogramin, but
clindamycin remains active (MS, resistance). Second
mechanism is modification of the drug-binding site on the
bacterial ribosome, mediated by ribosomal methylases, which
leads to the reduced binding of MLS antibiotics. Ribosomal
methylases are encoded by erm genes (erm (A) or erm (C)
in staphylococci) and results in resistance to macrolides,
lincosamides and type B streptogramin (MLS,, resistance).”’!

Phenotypic  expression of this resistance can
be constitutive (¢cMLS, resistance phenotype) and
inducible (iMLS, resistance phenotype). In inducible
expression, the bacteria produce inactive methylase mRNA
that is unable to translate in to ribosomal methylase, but
becomes active only in the presence of a strong inducer, such
as erythromycin. By contrast, in constitutive expression,
active methylase mRNA is produced in continuity, and in
the absence of an inducer. In vitro, staphylococcal isolates
with cMLS | phenotypes are resistant to all MLS antibiotics,
whereas those with iMLS, phenotypes demonstrate
resistance to macrolides, while appearing susceptible to
lincosamides and type B streptogramin.’**

To detect iMLS, resistant strains, there are special
disk-approximation test that involve the placement of an
erythromycin disk in close proximity to a disk containing
clindamycin. As the erythromycin diffuse through the agar,
resistance to the clindamycin is induced, giving a D shape to
the zone of clindamycin disk.™

Published data of inducible clindamycin resistance
among pathogen staphylococcal isolates in Serbia, to
the best of our knowledge, are missing. Because of
that, the present study was aimed, to investigate MS_
and MLS resistance and to record the current trend in
regard to the prevalence and distribution of inducible
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clindamycin resistance among community-associated (CA)
Staphylococcus aureus (S. aureus) and coagulase-negative
staphylococci (CNS) in region of central Serbia.

Materials and Methods
Bacterial isolates

We analysed 482 staphylococcal isolates, collected
from the Public Health Institute, Kragujevac. The
Public Health Institute in Kragujevac provides
microbiology laboratory services to primary health care
centre (e.g. general practitioner, preventative care) in an
outpatient setting. Staphylococcal isolates were labelled
as community-associated staphylococcal isolates if the
source patient had none of the following risk factors:
a history of hospitalisation or surgery within one year
prior to the date of specimen collection, haemodialysis
and residence in long-term care facility. Staphylococcal
isolates were collected from different patient samples (pus,
wound swab, aspirates, eye swab, sputum, nasal and
throat swab). Strains were identified using conventional
bacteriological methods, and their susceptibility testing was
first performed by the standard disk diffusion method on
Mueller—Hinton agar (MHA), according to the standards of
Clinical and Laboratory Standards Institute (CLSI).®} Each
erythromycin-resistant clindamycin susceptible isolates
were further tested for inducible resistance with D-test, as
described in the CLSI recommendations. Isolates with the
MS, resistance, demonstrated circular clindamycin zone,
while isolates with the iMLS_ phenotype, demonstrated a
flattening of the clindamycin zone. Isolates resistant to both
erythromycin and clindamycin confers to cMLS | resistance
phenotype.

Detection of resistance genes

Polymerase chain reaction (PCR) was performed on 20
S. aureus strains displaying MLS, resistance phenotype.
Genomic DNA was extracted from staphylococcal overnight
cultures using a QIAamp DNA Mini Kit (Qiagen) following
protocol for isolation of genomic DNA from Gram-positive
bacteria. Presence of erythromycin resistance methylase
erm genes erm (A), erm (B) and erm (C), as well as
macrolide efflux gene mef was determined by PCR using
the primer pairs as described by Lim et al.,'®! All primers
were synthesised by Invitrogen. Each reaction was carried
out in a final volume of 50 ul using 2 ul of template, 1 pl
of each primer (100 puM), 25 pl of Maxima® Hot Start
Green PCR Master Mix (Fermentas) and 21 ul of PCR
grade water. PCR conditions consisted of a denaturation
step (4 min at 94°C), followed by 35 cycles at 94°C for
30 s of denaturation, 30 s of annealing at 52°C, 1 min
of elongation at 72°C and a final extension step (5 min
at 72°C). Amplified products were detected by gel
electrophoresis on E-Gel iBase (Invitrogen) in 2% (W/v)
agarose gels (E-Gel® 2%, Invitrogen) and visualised in Gel

Doc XR system (Bio-Rad). The size of the PCR products
was determined by comparison with a 100-1000 bp
molecular weight marker O'GeneRuler™ 100 bp DNA
Ladder (Fermentas). Positive control strains used in this
study were: Escherichia coli NMS522 (ermA), Bacillus
subtilis 168 (ermB), Bacillus subtilis BD170 (ermC),
Streptococcus pyogenes 02C1064 (mef).

Data were analysed using Chi-squared test (y2) and the
probability level of 0.05 was considered to be statistically
significant.

Results

Our study included 482 staphylococcal isolates, of which
395 (82%) were S. aureus and 87 (18%) were CNS. Of the
482 staphylococcal isolates, 191 (40%) were resistant to
erythromycin (ERY-R).

In order to accurate insight into the possibility
of misinterpretation of staphylococcal resistance to
clindamycin, we performed D-test and found that
majority of ERY-R S. aureus isolates, display iMLS,
phenotypes, while most of ERY-R CNS, show
MS, phenotypes [Table 1]. Truly susceptible isolates (MS,
phenotype) were significantly higher in CNS strains then in
S. aureus strains (y2 = 13.19; P < 0.001). Falsely susceptible
isolates (iMLS, phenotype) were significantly higher in S.
aureus strains then in CNS strains (x2 = 16.52; P < 0.001).
However, no statistically significant difference of truly
resistant isolates (¢cMLS, phenotype) was observed between
S. aureus and CNS isolates (y2 = 0.20; P = 0.655).

The predominant genes associated with macrolide
resistance among S. aureus were the erm (C) and the
erm (A), which were detected in 55% (11/20) and
40% (8/20) of the isolates, respectively [Table 2]. The
erm (C) determinant was found in six (60%) cMLS,
S. aureus isolates and one of these strains also contained
erm (A). Similarly, half of iMLS, strains harboured
erm (C) gene. The distribution of erm (A) gene in cMLS

Table 1: Distribution of the MS_, iMLS, and ¢cMLS
resistance phenotypes among erythromycin resistant
S. aureus and CNS isolates

n (%)
ERY-R; S. aureus ERY-R; CNS Total
MS, 31 (24) 32 (52) 63 (33)
iMSL, 64 (50) 11 (18) 75 (39)
cMLS, 34 (26) 19 (30) 53 (28)
Total 129 (100) 62 (100) 191 (100)

*ERY-R: Erythromycin resistant, MS;: Macrolides and type B
streptogramin resistance, iMSL,: Inducible macrolides, lincosamides
and type B streptogramin resistance, cMLS,: Constitutive macrolides,
lincosamides and type B streptogramin resistance, CNS: Coagulase-
negative staphylococci
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Table 2: Distribution of the erm and mef genes among
20 MLS, S. aureus isolates

n (%)
cMLS, iIMLS Total
S. aureus S. aureus

erm (A) 3 (30) 4 (40) 7 (35)
erm (B) 0(0) 0(0) 0(0)
erm (C) 5(50) 5(50) 10 (50)
mef 0 (0) 0(0) 0 (0)
erm (A)+ erm (C) 1 (10) 0(0) 1(5)
Not detected 1 (10) 1 (10) 2 (10)
Total 10 (100) 10 (100) 20 (100)
iMLS: inducible macrolides, lincosamides and type B
streptogramin  resistance, cMLS,:  constitutive = macrolides,
lincosamides and type B streptogramin  resistance,

MLS,: macrolides, lincosamides and type B streptogramin resistance

and iIMLS_ S. aureus isolates was identical since both
phenotypes carried this gene in 40% of the cases. Two of the
MLS, isolates did not harbour any of the resistance genes.
Among tested isolates erm (B) and mef genes were not
detected [Figure 1].

Discussion

One of the major concerns with regard to the therapeutic
use of clindamycin in staphylococcal infection is the
possible presence of inducible resistance to clindamycin,
and subsequent clinical failure of therapy.!”

Simple laboratory  testing, (i.e. erythromycin-
clindamycin ‘D-zone’ test) can separate strains that have
the genetic potential to become resistant during therapy
from strains that are truly susceptible to clindamycin.
Without the double-disk test, all staphylococcal isolates
with iMLS, would have been mistakenly interpreted as
clindamycin-susceptible. On the other side, to categorically
consider all erythromycin resistant staphylococci as
clindamycin resistant would deny potentially safe and
effective therapy for patients infected with isolates that carry
only the export mechanism.®

For instance, in our study we had 24% truthfully (MS )
and 50% untruly (iMLS ) clindamycin susceptible S. aureus
isolates, resulting in an underestimated clindamycin
resistance rate of 26% (¢cMLS,) instead of 76% (iMLS, and
c¢MLS,) among S. aureus and similarly, 30% instead 48%
among CNS [Table 1].

Also, our results support the fact that erm (C) and
erm (A) genes predominated within erythromycin-resistant
S. aureus isolates with MLS_ phenotype.”!" Yet, whereas,
some of previous reports demonstrated prevalence of
erm (A) genes,!'!! other, similar to our study, showed that
the erm (C) gene was more common than erm (A) in MLS
S. aureus strains.!'?!

572 bp

421bp

1000 bp

I 0o p
I <o
400 bp.

Figure 1: PCR of S. aureus isolates. Lines 1 and 2: Amplified
product (572 bp) of erm (C) gene. Line 3: Amplified product (421 bp)
of erm (A) gene. Line 4: Molecular weight marker

For these reasons it is necessary to examine the
prevalence of iMLS,, especially in a setting where
methicillin resistance leads physicians to prescribed different
macrolides or lincosamides empirically.l'! This prevalence
may change over time with the emergence of strains with
different sensitivity patterns, so periodic surveys should be
performed if testing is not routine.
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Introduction

Antimicrobials have been used in the infection treatments by
different disease-causing microorganisms, including bacteria,
mycobacteria, viruses, parasites and fungi. In the vast majority of
cases where antimicrobials are used, the microorganisms have
found a way to evade or resist the antimicrobial agent [1,2]. Bacte-
rial resistance to antibiotics is a serious threat to the successful
treatment of infectious diseases and becomes a major clinical
and public health problem, leading to increased morbidity and
mortality [3-5]. There have been numerous attempts to synthesize
new compounds acting against multi-resistant microorganisms
[6]. The synthesis and evaluation of the biological activity of the
new metal-based compounds is the field of growing interest [7].
The present study was performed to investigate the antimicrobial
effects of newly synthesized ligands and their palladium(Il) com-
plexes against six bacterial strains using the CLSI broth microdilu-
tion method.

The biological activities of the numerous palladium(Il) com-
plexes have been reported [8-10]. Also, the influence of the pre-
pared palladium(II) complexes on the growth and metabolism of
various types of microorganisms has been investigated. A lot of
papers regarding to anti-viral, antibacterial and antifungal activity
of palladium(Il) complexes have been reviewed [11].

The aim of this paper is to synthesize new palladium complexes
and in vitro research their antimicrobial activities.

This study is focused on the antimicrobial activity of four
Ryedda-type ligand precursors: 0,0-ethyl- (L1) 0,0-dipropyl-
(L2), 0,0-dibutyl- (L3), 0,0-dipentyl ethylenediamine-N,N'-di-S,S-
(2,2’-dibenzyl)acetate (L4) [12], and the synthesis, characterization
and antimicrobial activity their corresponding palladium(Il) com-
plexes:  dichlorido-(0,0’-diethyl-(S,S)-ethylenediamine-N,N’-
di-(2,2’-dibenzyl)-acetate)-palladium(Il) (C1), dichlorido-(0,0’-
dipropyl-(S,S)-ethylenediamine-N,N’-di-(2,2'-dibenzyl)-acetate)-
palladium(Il), (C2), dichlorido-(0,0’-dibutyl-(S,S)-ethylenedia-
mine-N,N'-di-(2,2’-dibenzyl)-acetate)-palladium(II) (C3), dichlori-
do-(0,0'-dipentyl-(S,S)-ethylenediamine-N,N’-di-(2,2’-dibenzyl)-
acetate)-palladium(Il) (C4).

Experimental
Chemistry

Reagents and instruments

(8,S)-ethylenediamine-N,N’-di-2-(3-methyl)-butanoic acid,
(H2-(5,S)-eddv) and its esters were prepared as already described
in literature [12]. K;[PdCl4] was purchased from Merck and used
without further purification. Infrared spectra were recorded by a
Perkin-Elmer Spectrum One FT-IR spectrometer using the KBr pel-
let technique (4000-400cm~!). '"H and '>C NMR spectra were
recorded by a Varian Gemini-2000 (200 MHz) spectrometer in
and CDCl; using tetramethylsilane as internal standard (Fig. 1). Ele-
mental microanalyses for C, H and N were performed by standard
methods by a Vario EL Il C, H, N Elemental Analyzer.

Preparation of dichlorido-(0,0'-diethyl-(S,S)-ethylenediamine-N,N'-
di-(2,2'-dibenzyl)-acetate)-palladium(Il), [PdCl,(det-S,S-eddba)]
K>[PdCl4] (0.100 g, 0.306 mmol) was dissolved in 10 mL of
water on a steam bath and 0,0'-diethyl-(S,S)-ethylenediamine-
N,N'-di-(2,2’-dibenzyl)acetate) dihydrochloride, det-S,S-eddba-
2HC], (0.1485 g, 0.306 mmol) was added. The mixture was stirred
for 2h and during this period water solution of LiOH-H,O
(0.0257 g, 0.612 mmol in 10mL of water) was introduced
(Scheme 1). The complex, [PdCl,(det-S,S-eddba)] (C1) as a yellow
precipitate, was filtered, washed with water and air-dried. Yield:

12

Fig. 1. Numbering of compounds used for NMR data.

0.12 g (66.48%). Anal. Calc. for C,4H3,Cl,N,04Pd (M, =589.836)
(%): C, 48.87; H, 5.47; N, 4.75. Found (%): C, 48.42; H, 5.51; N,
4.82. Isomer A: 'H NMR (200 MHz, CDCl3, 6 ppm): 1.25 (t, 6H,
C'°Hs), 2.84 (m, 4H, C'H,), 3.22 (d, 4H, C3H,), 4.03 (t, 2H, C?H),
4.21 (q, 4H, C°H,), 6.20-6.40 (broad s, 2H, NH), 7.29 (m, 10H,
C>%7H), 13C NMR (50 MHz, CDCls, § ppm): 13.83 (C'°Hs), 35.82
(C'H,), 49.19 (C3H,), 61.66 (C?H), 63.45 (C°H,), 126.74 (C’H),
128.29 (C°H), 129.46 (C®H), 135.69 (C*), 168.71 (CB0O0-Et). Isomer
B: 'H NMR (200 MHz, CDCls, 6 ppm): 1.25 (t, 6H, C'°Hs), 2.84 (m,
4H, C'H,), 3.22 (d, 4H, C3H,), 4.03 (t, 2H, C?H), 4.21 (q, 4H, C°H,),
6.20-6.40 (broad s, 2H, NH), 7.29 (m, 10H, C>%7H), '*C NMR
(50 MHz, CDCls;, 6 ppm): 14.00 (C'°Hs), 37.00 (C'H,), 50.08
(C3H,), 61.80 (C?H), 63.59 (C°H,), 127.37 (C’H), 128.94 (C°H),
129.91 (C®H), 137.00 (C*), 170.59 (C®00-Et). IR (cm™'): 3130,
2928, 2854, 1734, 1455, 1399, 1384, 1373, 1275, 1215, 1096,
1031, 919, 749, 701.

Preparation of dichlorido-(0,0'-dipropyl-(S,S)-ethylenediamine-N,N'-
di-(2,2'-dibenzyl) -acetate)-palladium(II), [PdCly(dpr-S,S-eddba)]

The complex, [PdCl,(dpr-S,S-eddba)], (C2) was prepared as
described in Section 2.1.2. using 0,0’-dipropyl-(S,S)-ethylenedia-
mine-N,N'-di-(2,2’-dibenzyl)acetate) dihydrochloride, dpr-S,S-edd-
ba-2HCI, (0.1573 g, 0.306 mmol) instead of det-S,S-eddba-2HCI
(Scheme 1). Yield: 0.14 g (74.04%). Anal. Calc. for C6H35CI;N,04Pd
(M, =617.888) (%): C, 50.54; H, 5.87; N, 4.53. Found (%): C, 50.51;
H, 5.94; N, 4.48. Isomer A: 'H NMR (200 MHz, CDCl;, 4 ppm):
0.88 (t, 6H, C''Hs), 1.61 (m, 4H, C'°Hs), 2.94 (m, 4H, C'H,), 3.26
(d, 4H, C3H,), 3.90 (t, 2H, C?H), 4.18 (t, 4H, C°H,), 6.25-6.50 (broad
s, 2H, NH), 7.31 (m, 10H, C>%7H), *C NMR (50 MHz, CDCls, § ppm):
10.17 (C''H3), 21.63 (C'°H,), 35.80 (C'H,), 49.32 (C3H,), 63.45
(C?H), 67.27 (C°H,), 126.71 (C’H), 128.26 (C°H), 129.14 (C°H),
135.62 (C*), 168.83 (C®00-Pr). Isomer B: '"H NMR (200 MHz, CDCl,
o ppm): 0.88 (t, 6H, C''Hs), 1.61 (m, 4H, C'°H,), 2.94 (m, 4H, C'H,),
3.26 (d, 4H, C3H,), 3.90 (t, 2H, C?H), 4.18 (t, 4H, C°H,), 6.25-6.50
(broad s, 2H, NH), 7.31 (m, 10H, C>57H), *C NMR (50 MHz, CDCls,
s ppm): 10.33 (C''H3), 21.84 (C'°H,), 36.91 (C'H,), 49.79 (C3H,),
63.49 (C?H), 67.49 (C°H,), 127.45 (C’H), 129.03 (C°H), 129.94
(C5H), 137.06 (C*), 170.70 (C®00-Pr). IR (cm™!): 3127, 2967,
2935, 2894, 1736, 1456, 1397, 1385, 1337, 1274, 1219, 1099,
1057, 909, 747, 700.

Preparation of dichlorido-(0,0'-dibutyl-(S,S )-ethylenediamine-N,N'-
di-(2,2'-dibenzyl)-acetate)-palladium(Il), [PdCl,(dbu-S,S-eddba)]

The complex, [PdCly(dbu-S,S-eddba)], (C3) was prepared as
described in Section 2.1.2. using 0,0'-dibutyl-(S,S)-ethylenedia-

Please cite this article in press as: D.P. Dimitrijevic et al., ]. Mol. Struct. (2014), http://dx.doi.org/10.1016/j.molstruc.2014.05.008



http://dx.doi.org/10.1016/j.molstruc.2014.05.008

D.P. Dimitrijevic et al./Journal of Molecular Structure xxx (2014) XXx-xxx 3

0 /R
0
Q H _
\, H H
N / OR
RO / \/\fN + K,PdCly LiOH (N///,,,P o
H cl \ v N
- N cl
o} N\
H
0
R = ethyl-(L1), propyl-(L2), butyl-(L3), pentyl-(L4) 0 \
R

R = ethyl-(C1), propyl-(C2), butyl-(C3), pentyl-(C4)

Scheme 1. The preparation of the [PdCI2(R2-S,S-eddba)].

mine-N,N'-di-(2,2’-dibenzyl)acetate) dihydrochloride, dbu-S,5-edd-
ba-2HCI, (0.1657 g, 0.306 mmol) instead of det-S,S-eddba-2HCI
(Scheme 1). Yield: 0.14 g (73.33%). Anal. Calc. for CagH40Cl,N,04Pd
(M; =645.94) (%): C, 52.06; H, 6.24; N, 4.34. Found (%): C, 52.31; H,
6.12; N, 4.41. Isomer A: 'H NMR (200 MHz, CDCls, 5 ppm): 0.89 (t,
6H, C'?Hs), 1.23 (m, 4H, C''H,), 1.67 (m, 4H, C'°H,), 2.83 (m, 4H,
C'H,), 3.33 (d, 4H, C®H,), 3.97 (t, 2H, C?H), 4.34 (t, 4H, C°H,),
6.25-6.45 (broad s, 2H, NH), 7.29 (m, 10H, C>®’H), '3C NMR
(50 MHz, CDCls, § ppm): 12.88 (C'?Hs), 19.27 (C!''Hj), 29.47
(C'°H,), 34.48 (C'H,), 47.66 (C3H,), 61.27 (C?H), 68.93 (C°H,),
126.45 (C’H), 127.96 (C°H), 129.54 (C®H), 136.74 (C*), 169.44
(C®00-Bu). Isomer B: 'H NMR (200 MHz, CDCls, § ppm): 0.89 (t,
6H, C'?Hs), 1.23 (m, 4H, C''H,), 1.67 (m, 4H, C'°H,), 2.83 (m, 4H,
C'H,), 3.33 (d, 4H, C3H,), 3.97 (t, 2H, C?H), 4.34 (t, 4H, C°H,),
6.25-6.45 (broad s, 2H, NH), 7.29 (m, 10H, C>57H), '3C NMR
(50 MHz, CDCls, § ppm): 12.92 (C'?Hs), 19.44 (C!''H;), 29.68
(C'°H,), 34.98 (C'H,), 48.26 (C3H,), 61.87 (C?H), 68.97 (C°H,),
126.65 (C’H), 127.97 (C°H), 129.88 (C®H), 137.84 (C*), 170.41
(C®00-Bu). IR (cm™1): 3120, 2959, 2932, 2873, 1736, 1456, 1397,
1385, 1345, 1273, 1216, 1187, 1080, 1031, 940, 746, 700.

Preparation of dichlorido-(0,0'-dipentyl-(S,S)-ethylenediamine-N,N'-
di-(2,2'-dibenzyl)-acetate)-palladium(II), [PdCl;(dpe-S,S-eddba)]

The complex, [PdCl(dpe-S,S-eddba)], (C4) was prepared as
described in Section 2.1.2. using 0,0'-dipentyl-(S,S)-ethylenedia-
mine-N,N'-di-(2,2’-dibenzyl)acetate) dihydrochloride, dpe-S,S-edd-
ba-2HCl, (0.1743 g, 0.306 mmol) instead of det-S,S-eddba-2HCI
(Scheme 1). Yield: 0.14 g (69.24%). Anal. Calc. for C3gH44CI,N,04Pd
(M; = 673.992) (%): C, 53.46; H, 6.58; N, 4.16. Found (%): C, 53.98;
H, 6.35; N, 4.38. Isomer A: 'H NMR (200 MHz, CDCl;, § ppm):
0.93 (t, 6H, C'*H3), 1.23 (m, 4H, C'?H,), 1.34 (m, 4H, C''H,), 1.56
(m, 4H, C'°H,), 2.77 (m, 4H, C'H,), 3.09 (d, 4H, C3H,), 4.01 (t, 2H,
C?H), 4.45 (t, 4H, C°H,), 6.25-6.50 (broad s, 2H, NH), 7.34 (m,
10H, C>%7H), 3C NMR (50 MHz, CDCl3, § ppm): 11.23 (C'*Hs),
18.89 (C'?H,), 26.76 (C''H3), 31.11 (C'°H,), 35.78 (C'H,), 48.23
(C°H,), 62.12 (C?H), 69.34 (C°H,), 126.23 (C’H), 127.12 (C°H),
129.18 (C®H), 136.44 (C*), 169.28 (C®00-Pe). Isomer B: 'H NMR
(200 MHz, CDCls, 6 ppm): 0.93 (t, 6H, C'3H3), 1.23 (m, 4H, C'?H,),
1.34 (m, 4H, C''H,), 1.56 (m, 4H, C'°H,), 2.77 (m, 4H, C'H,), 3.09
(d, 4H, C3H,), 4.01 (t, 2H, C?H), 4.45 (t, 4H, C°H,), 6.25-6.50 (broad
s, 2H, NH), 7.34 (m, 10H, C>%7H), *C NMR (50 MHz, CDCls, § ppm):
11.28 (C'3Hs), 18.94 (C'?H,), 26.97 (C''Hs), 31.18 (C'°H,), 35.99
(C'H,), 48.44 (C3H,), 62.68 (C°H), 69.87 (C°H,), 126.56 (C’H),
127.32 (C°H), 129.55 (C®H), 136.89 (C*), 171.06 (C300-Pe). IR

(cm™1): 3118, 2956, 2931, 2871, 1736, 1456, 1397, 1356, 1228,
1200, 1083, 1032, 960, 743, 699.

In vitro antimicrobial assay

Test substances

The ligands and corresponding Pd(I) complexes were tested for
their in vitro antimicrobial activity. Each tested substance (1 mg)
was dissolved in 50 pL DMSO (Dimethyl Sulfoxide: SIGMA D-
8779) and then diluted with 450 pL of normal saline to the final
concentration of stock solution at 2000 pg/mL (10% DMSO).

Test microorganisms

Antimicrobial activity was tested against 6 pathogenic bacterial
strains including five standard strains: Bacillus cereus ATCC 10876,
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa ATCC 27853, Enterococcus faecalis ATCC
29212 and a clinical isolate of Proteus vulgaris. The tested bacterial
strains were provided from the collection held in the Center for
Microbiology, Public Health Institute Vranje.

Microdilution method

Antimicrobial activity was tested using the broth microdilution
method according to the CLSI Standards [13] and minimum inhib-
itory concentration (MIC) and minimum bactericidal concentration
(MBC) were determined. Direct colony suspensions were prepared
using overnight broth cultures and suspensions were adjusted to
0.5 McFarland turbidity standard (1 x 108 CFU/mL). A twofold
serial dilution of tested compounds was prepared in a 96 well
microtiter plate (range 1000-7.81 pg/mL) in inoculated nutrient
broth adjusted to the final concentration of 5.0 x 10° CFU/mL for
each bacterial strain. The plates were covered with a plastic lid
and incubated at 37 °C for 18-24 h. Ceftriaxone and vancomycin
(Galenika AD, Belgrade) served as a positive control, while the sol-
vent was used as a negative control. MIC was defined as the lowest
concentration of tested compounds inhibiting the visible growth of
each tested organism. To determine MBC, the broth was taken from
all the wells without visible growth as well as from the wells with
the highest concentration of substances still showing visible
growth and inoculating onto Mueller-Hinton agar plates (Torlak,
Beograd). At the end of the incubation period (24 h/37 °C) the low-
est concentration with no growth (no colony) was defined as the
minimum bactericidal concentration.
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Fig. 2. Diastereoisomers of palladium(Il) complexes C1-C4.
Table 1
Antibacterial activity of tested ligands and corresponding palladium(II) complexes (pg/mL).
Species L1 C1 L2 c2 L3 c3 L4 C4

MIC MBC MIC MBC MIC

MBC

MIC MBC MIC MBC  MIC MBC  MIC MBC  MIC MBC

Bacillus cereus ATCC 10876 500 >1000 250 >1000 1000
Escherichia coli ATCC 25922 1000 >1000 500 500 1000
Staphylococcus aureus ATCC 25923 250 >1000 500 500 1000
Pseudomonas aeruginosa ATCC 27853 1000 >1000 500 1000 1000
Enterococcus feacalis ATCC 29212 1000 1000 500 1000 1000

Proteus vulgaris, clinical strain >1000 >1000 >1000 >1000 >1000

>1000 250 >1000 1000 >1000 250 >1000 500 >1000 250 1000

1000 1000 1000 1000 >1000 1000 1000 1000 >1000 1000 >1000
>1000 250 500 1000 >1000 250 500 1000 1000 1000 >1000
>1000 1000 >1000 1000 >1000 1000 1000 1000 >1000 1000 >1000
>1000 1000 >1000 1000 >1000 500 1000 1000 >1000 125 500
>1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

Results and discussion
Synthesis and characterization

The neutral palladium(Il) complexes C1-C4 were prepared by
using appropriate modifications of known methods [7,14,15]. The
content of isolated complexes was confirmed by elemental analysis
and coordination mode of ligands to the palladium(II) ion was pre-
dicted on the basis of their infrared and NMR (H and '3C) spectra.

Absorption bands for secondary amino groups in infrared spec-
tra of C1-C4 were found at 3130, 3127, 3120, 3118 cm™, respec-
tively. In the same region of IR spectra of free ligand precursors
only bands for secondary ammonium groups can be observed
(L1-L4: v(R,NH3) at 3469, 3436, 3434, 3436 cm™') [12]. Based on
these facts, it can be concluded that ligands were coordinated to
the central metal ion via nitrogen atoms. All other specific bonds
were found at similar positions for corresponding ligand precursor
and complexes, thus indicating that no other atom was coordi-
nated to the palladium center [12]. The following bands were
found for complexes C1-C4: v(C=0) at 1734, 1736, 1736, 1736,
v(C—0) at 1215, 1219, 1216, 1200cm~' and v(CH3) at 2928,
2935, 2932, 2931 cm ™}, respectively.

The expected signals were found in 'H and '>C NMR spectra. In
the 'H NMR spectra of complexes the broad signals of hydrogen
atoms belonging to secondary amino groups occur between 6.20
and 6.50 ppm. The signals of CH, protons of the ethylenediamine
bridge showed coordination induced shifts in spectra of C1-C4
(up to 0.9 ppm) giving a clear indication of nitrogen coordination.
Signals for all methyl protons were found within the range of
0.88-1.25 ppm for all complexes.

In 13C NMR spectra two sets of signals were found for all com-
plexes indicating the formation one of three possible diastereoiso-
mers. Coordination of ligands [12] to the palladium(II) ion induced
formation of two extra chiral centers of ligating N atoms. So, three
diastereoisomers should be expected for [PdCly(R,-S,S-eddba)]
(R = ethyl, n-propyl, n-butyl and n-pentyl; (RR), (RS=S,R) and

Table 2
Antibacterial activity of antibiotics (pg/mL).

Species Vancomycin Ceftriaxsone
MIC MBC MIC MBS
Bacillus cereus ATCC 10876 15.625 62.5 500 >1000
Escherichia coli ATCC 25922 125 125 15.625 15.625
Staphylococcus aureus ATCC 25923  <15.625 <15.625 15.625 31.25
Pseudomonas aeruginosa ATCC 125 1000 500 >1000
27853
Enterococcus feacalis ATCC 29212 62.25 250 15.625 500
Proteus vulgaris, clinical strain 1000 >1000 15.625 125

(S,5)) (Fig. 2) and only (R,S) diastereoisomer should give rise to
two sets of signals since the ester branches are inequivalent (other
two diastereoisomers (R,R) and (S,S) will give rise to (due to G,
symmetry) one set of resonances). The ester carbon atom reso-
nances were found as expected, at around 170 ppm for all com-
plexes verifying that oxygen is not a ligating atom.

Microbiology

The results of the antimicrobial activity of the ligands and their
palladium(Il) complexes against all tested bacterial strains are
shown in Tables 1 and 2. Broth microdilution assay showed that
the tested compounds were moderately active against gram-posi-
tive bacteria, whereas they have weak activity against gram nega-
tive bacteria. Antibacterial activity against Gram(+) bacteria was in
the following range of concentrations: MIC/MBC = 125-1000/500-
1000 pg/mL, while the referent antibiotic vancomycin had an effect
at  MIC/MBC = 15.625-62.25/15.625-250 pg/mL.  Palladium(II)
complexes showed the highest activity against Bacillus cereus ATCC
10876 (MIC/MBC =250/1000 pg/mL). Enterococcus faecalis ATCC
29212 (€4 complex: MIC/MBC = 125/500 pg/mL) was particularly
susceptible. Gram (-) bacteria were more resistant where only
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C1 complex showed some antibacterial effects with MIC/
MBC = 500-1000 pg/mL, whereas the referent antibiotic ceftriax-
one showed effects at MIC/MBC = 15.625-500/15.625-1000 pg/
mL. The lowest susceptibility showed Proteus vulgaris (clinical
strain), where the tested compounds at the highest tested concen-
tration (1000 pg/mL) showed no microbiostatic/microbicidal
effects. It is important to note that the complexes showed more
inhibitory effects than the ligands.

Numerous studies have demonstrated the antimicrobial effects
of Pd(Il) complexes [16-19]. In their study Gulcan and coworkers
showed antibacterial activity of Pd(II) complexes with MICs values
between 80 and 160 ng/mL greater than those in our study. Simi-
larly to our study their Pd(II) complexes were more effective
against gram positive than gram negative bacteria [17]. Recent
research confirmed that Pd(Il) complexes showed more activity
than free ligands [20].

Conclusions

The palladium(Il) complexes of Ry-S,S-eddba esters were syn-
thesized and characterized.

The antibacterial activity results show that all of the ligands and
their corresponding complexes have low to moderate activity
against gram-positive bacteria, while having weak activity against
gram-negative bacteria. Generally, the antibacterial activities of all
of the complexes are greater than those of the ligands. All the
tested compounds show significantly lower activity than the stan-
dard antibiotics.
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In reaction of 3-acetyl-4-hydroxy coumarine with methionine methyl ester hydrochloride and trypto-
phane methyl ester hydrochloride the corresponding enamine ligands were obtained. Palladium (II)
complexes were prepared in reaction of potassium-tetrachloridopalladate (II) and corresponding
enamine. All compounds were characterized by microanalysis, infrared, 'H and 3C NMR spectroscopy.
In vitro antitumor activity of the mentioned ligands and corresponding palladium (II) complexes, as well
as me-Gly and me-Val ligands and [Pd (me-Gly)]Cl and [Pd (me-Val);] complexes was determined by
MTT assay against two leukemia cell lines (JVM-13 and MOLT-4) and against primary leukemic cells
isolated from chronic lymphocytic leukemia (CLL) patients. Antimicrobial activity of the tested com-
pound was evaluated by determining the minimum inhibitory concentration (MIC) and minimum
microbicidal concentration (MMC) against three reference bacterial strains: E. faecalis, P. aeruginosa,
S. aureus and one clinical isolate of yeast: Candida spp.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Coumarine and their derivatives represent very important class
of the natural compounds that exhibit a wide spectrum of biological
activity such as cytotoxic activity against several human tumor cell
lines [1,2] as well as spasmolytic, antiarrhythmic, cardiotonic and
photodynamic [3] and antioxidant [4] activity. They are also used in
flavoring food and in cosmetic products as flagrants [5—7]. Anti-
coagulant [8,9] and antitumor activity [2,10—12] of the metal
complexes was investigated.

Although palladium (II) complexes have structural analogy with
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E-mail address: srecko@kg.ac.rs (S.R. Trifunovic).
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platinum (II) complexes, those complexes generally showed lower
antitumor activity than cisplatin due to the fact that palladium (II)
complexes are more labile in comparison to the corresponding
platinum (II) complexes [13]. However, some of palladium (II)
complexes exerted higher antitumor activity in comparison with
cisplatin and carboplatin [14].

Moreover, the emergence and spread of antibiotic resistance in
bacteria lead to the increased need for new antibacterial agents.
There are numerous attempts to synthesize new compounds that
might be active against multiresistant microorganisms. A large
number of newly synthesized metal complexes have been studied
for their antimicrobial activity. The synthesis of metal complexes
with organic bioactive ligands is becoming increasingly important
field in science research [15—17]. The experimental analyses so far
have suggested that antimicrobial activities of organic ligands and


mailto:srecko@kg.ac.rs
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2017.12.095&domain=pdf
www.sciencedirect.com/science/journal/00222860
http://www.elsevier.com/locate/molstruc
https://doi.org/10.1016/j.molstruc.2017.12.095
https://doi.org/10.1016/j.molstruc.2017.12.095
https://doi.org/10.1016/j.molstruc.2017.12.095

426 D.L. Stojkovic et al. / Journal of Molecular Structure 1157 (2018) 425—433

their metal complexes are strongly dependent on the central metal
ion [15]. The cellular components and palladium complex create
new formation which favors the palladium (II) complex permeation
through the lipid layer of the microorganisms. Oxidation processes
may also be involved in antimicrobial activity of palladium (II)
complexes against different microorganisms. The final targets and
the mechanisms through which palladium complexes act against
microorganisms remain unknown [18]. However, palladium com-
plexes were found to possess a remarkable antibacterial activity
against gram positive and gram negative bacteria [19].

Herein we described the synthesis, characterization, antimi-
crobial and antitumor activity of the new coumarine derivatives
with methionine methyl ester hydrochloride and tryptophane
methyl ester hydrochloride as well as their palladium (II) com-
plexes. This paper also reports the antimicrobial and antitumor
activity of the previously prepared coumarine derivatives with
glycine methyl ester and valine methyl ester and their palladium
(I1) complexes [20,21].

2. Experimental
2.1. Materials and methods

2.1.1. Chemistry

Methyl esters hydrochlorides of S-Glycine, S-Valine, S-Methio-
nine and S-Tryptophane, triethylamine, methanol, ethanol, toluene,
acetone and potassium-tetrachloridopaladate (II) were obtained
from Sigma Aldrich, Germany. Compound 3-acetyl-4-hydroxy-
coumarine was synthesized by the previously described procedure
[22].

2.1.1.1. Synthesis of enamines 3b and 4b. A mixture of 3-acetyl-4-
hydroxy coumarin (0.5 g, 0.00245 mol), hydrochlorides of methyl
ester of tryptophan (3a) or methionine (4a) (0.00245 mol) and
trimethylamine (0.202 g, 0.002 mol) in methanol (50mL) was
refluxed for 2 h (Scheme 1.) [1,2]. The progress of the reactions was
monitored by TLC (toluene: acetone = 8: 2). After the completion of
the reactions, the evaporation of solvent to the half of volume and
addition of 5 mL of water, the obtained white crystals were filtered,
dried and recrystallized from 96% ethanol.

2.1.1.2. Methyl  2-(1-(2,4-dioxochroman-3-ylidene )ethylamino)-3-
(1H-indol-3-yl)propanoate 3b. Chemical Formula: Cy3H20N20s,
MW: 404.41, Elemental Analysis: Calc. C, 68.31; H, 4.98; N, 6.93;
found C, 68.55; H, 5.03; N, 6.96. M. p. 186. Yield: 0.84 g (85%),
Rf= 0.46.

IR (KBr) » cm™~': 3420 (NH), 3051 (=CH), 2997 (CH), 1738 (C=0
from COOCH3), 1693 (C=O0 from 2,4-dioxochroman part), 1615,
1578, 1484 and 1438 (C=C), 1221 (v,5C-0—C from COOCHj3), 1094
(»sC-0—C from COOCH3).
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Scheme 1. Transformation of 3-acetyl-4-hydroxy coumarin 1 to enamines 3b and 4b.

TH NMR (200 MHz, CDCl3) 6 ppm: 2.29 (s, 3H, CH3—C-1), 3.43
(m, 1H, C-1"), 3.77 (s, 3H, CH3 from COOCH3), 4.79 (m, 2H, C-2"),
7.09 (m, 1H, C-6""), 7.09 (m, 1H, C-5""), 7.11 (s, 1H, C-2""), 7.21 (m, 1H,
C-6),7.31 (m, 1H, C-4"), 7.32 (m, 1H, C-5), 7.51 (m, 1H, C-7), 7.53 (m,
1H, C-7""), 8.03 (d, 1H, C-8, ] = 7.7 Hz), 8.73 (s, 1H, NH), 14.81 (s, 1H,
NH).

13C NMR (50 MHz, CDCl3) 6 ppm: 18.3 (CH3—C-1'), 29.4 (C-2"),
53.1 (CH3 from COOCH3), 57.9 (C-1"), 97.4 (C-3), 108.3 (C-7""), 111.3
(C-8),116.4 (C-5"),117.7 (C-3"), 119.6 (C-4), 122.2 (C-6"), 123.1 (C-
5),123.5 (C-6), 124.4 (C-9"), 125.9 (C-10), 126.9 (C-2"), 133.7 (C-7),
133.9 (C-8"), 153.4 (C-9), 159.4 (C-2), 176.4 (C-1'), 181.1 (C-4).

2.1.1.3. Methyl  2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-4-
(methylthio)butanoate 4b. Chemical Formula: Cy7H1gNOsS, MW:
349.40, Elemental Analysis: Calc. C, 58.44; H, 5.48; N, 4.01; found C,
58.39; H, 5.55; N, 4. 11. M. p. 99. Yield: 0.69 g (81%), Rr=0.53.

IR (KBr) » cm™': 3418 (NH), 3080 (=CH), 2994 and 2921 (CH),
1739 (C=0 from COOCH3), 1705 (C=0 from 2,4-dioxochroman
part), 1612, 1571, 1486 and 1469 (C=C), 1163 (v,5C-O from COOCH3).

TH NMR (200 MHz, CDCl3) 6 ppm: 211 (s, 3H, S—CH3), 2.31 (m,
2H, C-2"-H), 2.65 (m, 2H, C-3"), 2.74 (s, 3H, CH3—C-1'), 3.84 (s,
3H,COOCH3), 4.86 (m, 1H, C-1”—H, 3] = 6.1 Hz), 7.21 (m, 2H, C—H-6,
C—H-7),7.54 (dd, 1H, 3J.g 1.7 ="7.89 Hz, }Jy.g, H.6 = 2.14 Hz, C—H-8),
8.05 (dd, 1H, 3Ji.5 1.6 =6.23 Hz, Y5, .7 =191 Hz, C—H-5), 14.73
(br s, 1H, NH).

13C NMR (50 MHz, CDCl3) 6 ppm: 15.0 (S—CH3), 18.7 (C-1'—CH3),
29.6 (C-3"), 31.4(C-2"), 52.3 (CH3 from COOCH3), 55.0 (C-17), 97.4
(C-3), 116.3 (C-8), 117.7 (C-5), 123.4 (C-6), 133.8 (C-10), 153.3 (C-7),
159.2 (C-9), 162.2 (C-2), 169.2 (C-1'), 176.9 (C-4).

2.1.14. Synthesis of palladium(ll) complexes 3c and 4c.
Potassium-tetrachloridopalladate (II) (0.05g, 1.53.10~%mol) was
dissolved in 10.0 mL of water on steam bath and the same amount
of the corresponding enamine (3b or 4b) (1.53.10~% mol) dissolved
in methanol (10.0 mL) was added (Scheme 2.) [1]. The mixture was
stirred for 3 h and the yellow precipitate was obtained. The pre-
cipitate was filtered off.

2.1.1.5. The preparation of the chlorido-(methyl 2-(1-(2,4-
dioxochroman-3-ylidene) ethylamino)-3-(1H-indol-3-yl)propanoate
palladium(ll) complex 3c. Chemical Formula: Cy3H»;CIN,OgPd,
MW: 564.288, Elemental Analysis: Calcd: C, 48.95; H, 3.75; N, 4.96,
found C, 48.81; H, 3.80; N, 4.94. Yield: 0.027 g (31.39%).

IR (KBr) » cm™': 3421 (NH), 2953, 2925, 2852 (CH), 1737 (C=0
from COOCH3), 1697 (C=0 from 2,4-dioxochroman part), 1604 (C=
N), 1572, 1486, 1466 and 1437 (C=C), 1213 (v,sC-0—C from
COOCH3), 1060 (»sC-0—C from COOCH3), 526 (Pd—0), 469 (Pd—N).

'H NMR (200 MHz, DMSO-dg) 6 ppm: 2.44 (s, 3H, CH3—C-2'),
3.24 (m, 2H, C-1"), 3.37 (s, 3H, CH; fromCOOCH;), 7.01 (m, 1H, C-
7', 7.01 (m, 1H, C-6""), 7.05 (m, 1H, C-5""), 7.40 (m, 1H, C-4""), 8.67
(s, 1H, NH), 7.18 (s, 1H, C-2"), 5.24 (m, 2H, C-2"), 7.32 (m, 1H, C-5),
7.28 (m, 1H, C-6), 7.90 (m, 1H, C-7), 7.99 (d, 1H, C-8, J = 7.7 Hz).

13C NMR (50 MHz, DMSO-dg) 6 ppm: 18.65 (CH3—C-1), 28.64 (C-
2, 53.2 (C-1"), 57.25 (CH3 from CH300C), 96.5 (C-3), 107.2 (C-3"),
111.6 (C-7"), 116.2 (C-8), 117.8 (C-10), 119.9 (C-5"), 120.15 (C-4),
121.2 (C-6"), 123.7 (C-5), 124.6 (C-6), 125.8 (C-9"), 126.95 (C-7),
133.3 (C-2""), 136.03 (C-8"), 153.05 (C-9), 158.3 (C-2), 163.31 (C-1'),
176.2 (C-4).

2.1.1.6. The preparation of the chlorido-(methyl 2-(1-(2,4-
dioxochroman-3-ylidene) ethylamino )-4-(methylthio )butanoate)-
palladium(ll) complex 4c. Chemical Formula: C;7H1gCINSOsPd,
MW: 490.234, Elemental Analysis: Calcd: C, 41.65; H, 3.70; N, 2.86,
S, 6.53; found C, 41.59; H, 3.74; N, 2.80, S, 6.51. Yield: 0.029¢g
(38.67%).
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K,PdCl,

Scheme 2. Synthesis of palladium (II) complexes of 4-hydroxy-coumarins 3c and 4c.

IR (KBr) » cm™': 3139 (=CH), 2934 and 2852 (CH), 1738 (C=0
from COOCH3), 1693 (C=0 from 2,4-dioxochroman part), 1601 (C=
N), 1566, 1485 and 1421 (C=C), 1207 (C—0—C from COOCHs), 528
(Pd—0), 467 (Pd—N).

TH NMR (200 MHz, DMSO-dg) 6 ppm: 2.34 (s, 3H, S—CH3), 2.43
(m, 2H, C-2"), 2.48 (m, 2H, C-3"), 2.63 (s, 3H, CH3—C-1), 3.42 (s, 3H,
CH3000C), 3.81 (m, 1H, C-1"—H, 3]=6.1 Hz), 7.34 (m, 2H, C—H-6,
C—H-7),7.68 (dd, 1H, 3Ji.g 1.7 ="7.89 Hz, }Jy.s, .6 = 2.14 Hz, C—H-8),
7.88 (dd, 1H, *Jy.5, n.6 = 6.23 Hz, 4115, h.7 = 1.91 Hz, C—H-5).

13C NMR (50 MHz, DMSO-dg) 6 ppm: 17.74 (S—CH3), 20.1
(CH3—C-1'), 21.6 (C-3"), 28.8 (C-2"), 53.2 (CH3 from COOCH3), 60.0
(C-17),109.6 (C-3), 116.1 (C-8), 117.9 (C-5), 123.9 (C-6), 125.9 (C-7""),
134.2 (C-10), 153.5 (C-7), 161.5 (C-9), 169.9 (C-2), 173.5 (C-1"),173.7
(C-4).

Elemental microanalyses for C, H and N were performed by
standard methods by a Vario EL IIl C, H, N Elemental Analyzer. The
melting point of the ligand was determined by using Kofler-hot
stage apparatus and is uncorrected. Infrared spectra were run on
Perkin-Elmer Spectrum One FT-IR spectrometer by using the KBr
pellet technique (4000-400 cm~"). The NMR spectra were recorded
on a Varian Gemini 200 spectrometer (Varian, Palo Alto, CA); 'H
NMR at 200 MHz and 3C NMR at 50 MHz, solvents CDCl; and
DMSO-dg, TMS internal standard. Chemical shifts were given in
0 (ppm) and coupling constants (J) in hertz (Hz) (abbreviations: s-
singlet, d-doublet, dd-doublet of doublet, m-multiplet, br-
broadened s-singlet). Analytical TLC was performed on silica gel
(Silica gel 60, layer 0.20 mm, Alugram Sil G, Mashery-Nagel, Ger-
many). The visualization of TLC plates was performed by using UV
lamp at 254nm and 365 nm (VL-4. LC, 365/254, VilberLourmat,
France).

2.1.2. Biological evaluation

Previously synthesized ligands and their complexes me-Val (1b),
[Pd (me-Val);] (1c), me-Gly (2b) and [Pd (me-Gly)]Cl, (2c) [20,21],
as well as newly prepared me-Trp (3b), [Pd (me-Trp)]|Cl, (3c), me-
Met (4b) and [Pd (me-Met)]Cl, (4c) were evaluated for their anti-
microbial and cytotoxic activities.

2.1.2.1. Cytotoxic activity

2.1.2.1.1. Preparation of drug solution. Tested palladium com-
plexes 1c, 2c, 3¢ and 4c as well as ligand precursors 1b, 2b, 3b and
4b were dissolved in dimethyl sulfoxide (DMSO, Fisher Scientific,
United Kingdom) at the concentration of 20 mM, filtered through a
0.22 mm millipore filter prior to their utilization, and diluted by a
culture medium to different concentrations, so the final concen-
tration of DMSO in culture medium never surpassed 0.5% (v/v).

2.1.2.1.2. Cell lines. Human leukemia cell lines JVM 13 (ATCC®
CRL-3003™) and MOLT-4 (ATCC® CRL-1582™) were a generous
donation by professor Sonja Denci¢, Department of Biochemistry,
Belgrade University School of Medicine, Serbia. These cell lines
were maintained in a medium consisting of RPMI-1640, 2 mM L~
glutamine, 100 pg/mL streptomycin and 100 IU penicillin, supple-
mented with 10% of heat-inactivated fetal bovine serum (FBS).

2.1.2.1.3. Patients. The local Ethics Committee approved the
research and the written informed consent was obtained from all
subjects according to the Declaration of Helsinki. Peripheral blood
samples from 5 chronic lymphocytic leukemia (CLL) patients were
included in the study. CLL was diagnosed by establishing the clinical
criteria and it was confirmed by immunophenotypic analysis for the
expression of CD5, CD19 and monoclonal immunoglobulin in
accordance with updated NCI Working Group Guidelines [23]. There
were no patients positive for parameters of systemic inflammation
and diseases that might have influenced the cell viability.

2.1.2.14. Cell preparation. The blood samples from every patient
were obtained in the morning and collected in silicone coated
blood collection tubes (Terumo). All samples that contained about
9 mL of peripheral blood were centrifuged at 400 x g for 10 min to
separate plasma and cells. Afterward, peripheral blood poly-
morphonuclear and mononuclear leukocytes were separated by
single step continuous density-gradient centrifugation with His-
topaque 1077 (Sigma, Germany). The separated mononuclear cells
were washed three times with culture medium RPMI 1640 and
resuspended in RPMI 1640 supplemented with 10% autologous
serum, 100 IU/mL penicillin G and 100 mg/mL streptomycin. The
monocytes were eliminated by adhesion on plastic Petri dishes
[24].
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2.1.2.1.5. MTT assay. Palladium complexes 1c, 2¢c, 3¢ and 4c as
well as their corresponding ligand precursors 1b, 2b, 3b and 4b
were examined for their effect on viability of two diverse leukemic
cell lines (JVM-13 and MOLT-4) and lymphocytes isolated from five
CLL patients (CLL cells). The viability of cultivated cells was
measured by assaying the reduction of MTT to formazan [25].
Briefly, the examined cells were maintained in cell culture medium
containing increasing concentrations of palladium complexes and
ligand precursors (10 uM, 25 uM, 50 uM, 100 uM and 250 pM) or
maintained in the cell culture medium that contained none of the
tested substances, but contained the appropriate amount of DMSO
(control). After 24 and 48 h of maintaining cells in the atmosphere
that contained 5% CO; at 37 °C, the 96 well plates were centrifuged
for 5min at 400 x g, the culture medium was removed, and MTT
solution (5 mg/mL) was added to the cells. After additional 4 h of
incubation, the microtiter plates were centrifuged again for 5 min
at 400 x g, the cell culture medium with MTT solution was removed
and DMSO (150 pL/well) was added to each well to dissolve the
crystals of formazan. The microtiter plates were shaken for 10 min
and later, the absorbance was measured at 595 nm with a multi-
plate reader (Zenyth 3100, Anthos Labtec Instruments, Austria). The
results were presented as relative to the control value (untreated
cells). The ICsq values were determined using Microsoft Office Excel
2010.

2.1.2.2. Antimicrobial activities

2.1.2.2.1. Preparation of drug solution. Tested palladium com-
plexes 1¢, 2c, 3c and 4c¢ and ligand precursors 1b, 2b, 3b and 4b
were dissolved in dimethyl sulfoxide (DMSO), and then diluted
with normal saline solution to achieve a final DMSO concentration
of 10% prior to testing. The following steps are required to prepare
concentrated stock solutions: 1 mg of the test substance was dis-
solved in 50 puL of DMSO, then 450 pL of normal saline was added,
yielding a final concentration of 2000 pg/mL. A commercial anti-
biotics, vancomycin and ceftriaxone (Galenika a. d., Belgrade) were
dissolved in sterile physiological solution (Torlak, Belgrade).

2.1.2.2.2. Microorganisms. The antimicrobial screening of all test
compounds was carried out against three reference strains of
bacteria (American Type Culture Collection [ATCC]) (Enterococcus
faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853 and
Staphylococcus aureus ATCC 25923) and a clinical strain of yeast
Candida albicans.

2.1.2.2.3. Preparation of bacterial and fungal inocula (McFarland
0.5). The bacterial and fungal inocula were prepared to match
McFarland 0.5 turbidity standard by the direct colony suspension
method. The colonies were directly taken from the plate and were
suspended in 5mL of sterile saline (0.85% NaCl). The suspension
was adjusted to match the 0.5 McFarland turbidity standard (0.5 mL
of 1:17% w/v of BaCl, 2H,0 + 99.5 mL of 1% w/v H,SO4) by per-
forming visual comparisons and by using a spectrophotometer. The
spectrophotometer was set at a wavelength of 620 nm for bacteria
and 513 nm for yeast to get an absorbance of 0.08—0.1 for bacteria
and between 0.09 and 0.13 for yeast. This results in a suspension
containing approximately 1—1.5 x 108 CFU per ml for bacteria and
0.5—2.5 x 10% yeasts per milliliters. A hundred microliters of each
inoculum was then resuspended in 2000 pL of normal saline, the
resulting concentration of bacteria was 5 x 108 CFU/mL and
103 CFU/mL of yeast. A portion (10 pL - 5 x 10% bacteria or 10 yeast
cells) of each strain was inoculated into each well of a 96-well
microplate. The final concentration of bacteria in each well was
5 x 10° CFU/mL and 10% CFU/mL of yeast [26].

2.1.2.2.4. Broth microdilution method. Antimicrobial activities of
ligands and their palladium (II) complexes were determined by the
broth microdilution method and expressed as the minimal inhibi-
tory concentration (MIC) and the minimal bactericidal/microbicidal

concentration (MBC/MMOC).

Each well of “U”-bottom microtiter plate (Spektar, Cacak) was
filled with 100 pL of nutrient broth. Then, 100 pL of the 2000 pg/mL
stock solution of test substances was placed into the first well (well
A) of each column of the microtiter plate. Double serial dilutions
were made from rows A to H. The concentration of the resulting
solutions was 1000 pg/mL in the first row of wells to 15.625 pg/mL
in the second to last row of wells. Ten microliters of test bacterial
and yeast suspension were inoculated into each well of the plate,
resulting in a final inoculum of 0.5 x 10* bacteria per ml and 10°
yeasts per mL. The inoculated microtiter plates with bacterial
inocula were incubated at 37°C for 24 h, and yeast inoculum at 37°C
for 48 h.

MICq is defined as the lowest concentration of the test sub-
stances inhibiting visible growth of bacteria and yeast (e.g. no
turbidity), and MICsg is defined as the highest concentration with
visible growth of bacteria and yeast (e.g. the lowest turbidity).
Standard commercial antibiotics, vancomycin and ceftriaxone were
used as positive controls. In addition, bacterial and yeast growth in
the presence of 5% DMSO was used as a control. The concentration
of DMSO was additionally decreased because of the twofold serial
dilution assay. Also, the test for bacterial and fungal contamination
and the nutritive properties test or fertility test were carried out
within each test.

After incubation, 10 pL of the dilution of the each well with no
visible growth was spread onto a nutrient agar (Torlak, Belgrade,
Serbia) plates and allowed growth at 37 °C overnight to determine
minimal bactericidal/microbicidal concentration (MBC/MMC) of
test compounds. The lowest test compound concentration on the
agar plate, with no visible bacterial growth observed (zero colony),
was defined as MBC/MMC [26].

2.1.2.2.5. Statistical analysis. Each experiment was done in
triplicate and conducted on every sample. Every value was pre-
sented as mean + standard deviation (SD). Statistical analysis was
performed using commercial version of SPSS 20.0 for Windows. The
data distributions were evaluated for normality using the Shapiro-
Wilk test. Depending on the data distribution, the statistical
assessment was executed by one-way ANOVA or Student's t-test for
paired observations and only p values less than 0.05 were consid-
ered significant.

3. Results and discussion
3.1. Chemistry

The obtained ligands are soluble in methanol, while their
complexes are soluble only in dimethyl sulfoxide.

The ligands 3b and 4b as well as corresponding palladium
complexes 3¢ and 4c were synthesized as depicted in Schemes 1
and 2. The treatment of equimolar amounts of 3-acetyl-4-
hydroxy coumarine 1 and methyl esters as hydrochlorides (3a or
4a) in the presence of triethylamine in refluxing methanol yielded
ligands 3b and 4b. Palladium (II) complexes of ligand 3¢ and 4c
were synthesized by mixing corresponding enamines (3b or 4b)
and potassium tetrachloridopalladate (II) in 1:1 M ratio in water/
methanol (1:1, v/v) solution at room temperature for 3 h.

The structures of compound 3b or 4b were confirmed by spec-
troscopic methods (IR, 'H NMR, 3C NMR and MS) as well as by
elemental analysis. The IR spectra of enamines (3b or 4b) showed
characteristic bands for NH group (3420 cm™" for 3b; 3418 cm™! for
4b). Stretching vibrations of carbonyl group from COOCHs3; from
corresponding enamines (3b or 4b) were observed at 1738 and
1739cm™!, respectively, while carbonyl groups from 24-
dioxochroman part showed absorptions at 1693 and 1705cm™,
respectively. In the 'H NMR spectrum of ligands 3b and 4b, the
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signals of methyl protons from carbon attached to C-1’ in a form of
singlet appeared at 2.29 and 2.74 ppm, respectively, while the
singlets from COOCH3 were observed at 3.77 and 3.84 ppm,
respectively. Enamino NH protons of ligands 3b and 4b were
observed as broadened singlets at 14.81 ppm and 14.73 ppm,
respectively.

In the 3C NMR spectra of ligands 3b and 4b, C-1’ carbons
showed resonances at 176.1 ppm and 169.2 ppm, respectively,
whereas methyl carbon attached to C-1’ were noted at 18.35 ppm
and 18.70 ppm, respectively. The C-2 carbons in ligands 3b and 4b
were observed at 159.4 ppm and 162.2 ppm, respectively, while C-4
carbons were noted at 176.2 ppm and 176.9 ppm, respectively.

Spectral analysis showed significant difference compared to the
results gained from ligand analysis. In this regard, IR spectra of
complexes (3c and 4c) showed absence of NH group signal, and
instead characteristic bands of C=N group (1604 cm~", 1601 cm™!
respectively) were identified. Therefore, during the formation of
palladium (II) complexes enamino form of ligand transferred to
imine form. Despite this, Pd—0 (526 cm~' and 528 cm™! respec-
tively) and Pd—N (469 cm~' and 467 cm~! respectively) bands
were observed. Also, the bands observed at 1697 cm~! and
1693 cm™! (3¢ and 4c respectively) were dissimilar to the ones
observed in ligand corresponds to 2,4-dioxochroman part.

In the 'H NMR spectrum of corresponding palladium (II) com-
plexes 3c and 4c, the broadened singlet signals of NH were not
found in contrast to the ligand. The signals of methyl protons from
carbon attached to C-1’ showed resonation at 2.3 ppm, 2.44 ppm
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and 2.43 ppm respectively which is for 4c complexes 0.4 and
0.31 ppm lower than in corresponding ligands, while in the case of
3c complex situation is reversed and signal of methyl protons from
carbon attached to C-1’ in spectrum of complex show increased
resonation for 0.15 ppm. Noticed were also the lower signals cor-
responding to singlets from COOCH3; which in spectrum of com-
plexes appeared at 3.37 ppm and 3.42 ppm (3c and 4c respectively).
Out of all of this data, confirmed was that in the formation of
palladium (II) complexes involved were oxygen from C-4’
belonging to coumarine part and nitrogen from imino group.

The ¥C NMR spectrum of palladium (II) complexes 3¢ and 4¢
showed significant difference considering spectrums of ligands. As
for the 3c complex, corresponding carbons were also noted
showing the lower resonance with the exception of methyl carbon
attached to C-1’ showing the increased resonation for 0.35 ppm.
The mentioned carbons in the example of 4c complex in spectrum
showed the increased resonance for carbons marked as C-1/, methyl
carbon attached to C-1’ and C-2, while in the case of carbon at
position 4, the resonance was decreased.

3.2. Biological evaluation

3.2.1. Cytotoxic activity

In order to determine whether palladium complexes 1c, 2c, 3¢
and 4c and their respective ligands 1b, 2b, 3b and 4b demonstrated
cytotoxic effects toward cancer cells, three types of human leuke-
mia cells (JVM-13, MOLT-4 and CLL cells) had been treated with
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Fig. 1. JVM-13, MOLT-4 and CLL cells isolated from five CLL patients were incubated for 24 and 48 h with increasing concentrations of palladium complexes 1c, 2¢, 3c and 4c.
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various concentrations of palladium complexes or ligands for 24
and 48 h and the resulting number of remaining viable cells was
assessed. The viability of examined human cancer cells observed
24h and 48 h after treatment with increasing concentrations of
selected palladium complexes is presented in Fig. 1. The cytotoxic
effects of palladium complexes and ligands are also presented as
ICs5p values and are shown in Table 1.

Tested palladium complex 1c¢ had very little effect on viability of
examined leukemic cells after 24 and 48 h with ICsg values over
450 uM (Table 1). The treatment of all three types of tumor cells for
24 h and 48 h with complexes 2¢, 3¢ and 4c¢ reduced the viability of
cancer cells in a dose-dependent manner, as shown by the results of
MTT assay (Fig. 1.). Only palladium complexes 2¢ and 3¢ demon-
strated time-dependent cytocidal action toward MOLT-4 and JVM-
13 cells, respectively (24 h vs. 48 h, p <.05). All other investigated
complexes exhibited no time-dependent cytotoxic effect on tumor
cells.

The MTT assay results showed that palladium complex 3c
exhibited the highest cytotoxicity against JVM-13, MOLT-4 and CLL
cells compared to the other tested compounds after 24 and 48 h of
treatment (Fig. 1). After 48 h of incubation, the IC59 values for
complex 3¢ were 73.3 +12.7 uM, 5.6 +3.4uM and 76.7 + 18.1 uM
for JVM-13, MOLT-4 and CLL cells, respectively. Alternatively, the
respective ligand 3b exhibited low toxicity against all three types of
tumor cells with ICs5g values of 442.7 + 77.6 uM, 286.3 + 65.2 uM
and 423.9 + 68.2 uM for JVM-13, MOLT-4 and CLL cells, respectively
(Table 1).

Conversely, the ICs5g values for palladium complexes 2c¢ and 4¢
were significantly lower than for complex 3c, but there were no
significant difference in cytotoxic effects between complex 2c¢ and
4c toward examined cancer cells (2c vs. 4¢, p>.05). Also, the

Table 1

corresponding ligand 2b showed the lowest cytotoxicity after 48 h
treatment to all three types of investigated tumor cells with ICsq
values of over 500 uM for all three types of examined leukemic
cells.

Furthermore, the incubation of all three types of tumor cells
with palladium ligands for 24 and 48 h had no effect on viability of
these cells at concentrations lower than 250 pM compared to the
untreated cells. The only exception is ligand 3b that decreased
viability of MOLT-4 cells to 88.4 + 7.6% and 83.4 + 8.5% in concen-
tration of 100 uM after 24 h and 48 h incubation, respectively.

In general, the investigated palladium (II) complex 3¢ showed
high potency as an antitumor agent against all three types of tumor
cells (JVM-13, MOLT-4 and CLL cells) after 48 h of incubation. The
cytotoxicity of studied complex after 48 h of incubation was the
highest against MOLT-4 cells with ICs59=5.6 +3.4uM. Also, all
palladium (II) complexes showed more potent cytotoxic activity
than its corresponding ligands, which had no cytotoxic effect on the
examined tumor cells.

3.2.2. Antimicrobial activity

The results of in vitro testing of the antimicrobicidal activities of
the ligands and their corresponding palladium (II) complexes
(Fig. 2) are shown as MICsg, MICgg, MBC and MMC in pg/mL in
Table 2. All the MICsq, MICgg, MBC and MMC values of commercial
antibiotics are listed in Table 3. The final DMSO concentration
bellow 5% had no activity against bacteria and yeast.

The intensity of antimicrobial action of ligands and their cor-
responding palladium (II) complexes varied depending on the
species of microorganism. However, these tested substances
showed significantly lower antimicrobial activity compared to
commercial antibiotics. Antibiotics, vancomycin and ceftriaxone

IC50 (UM) values determined by MTT assay for investigated palladium complexes (1c, 2c, 3¢ and 4c) and their corresponding ligands (1b, 2b, 3b and 4b), after 24 h and 48 h

treatment of JVM-13, MOLT-4 and CLL cells.

I1Cs50 (M) JVM-13
Compound 24h 48h
1c >500 >500
2c 369.8 +27.6 1264 +12.9
3c 472+113 733 +12.7
4c 1613 +22.1 138.8£16.5
1b >500 >500
2b >500 >500
3b 481.9+97.2 4427 +77.6
4b >500 >500
MOLT-4
24h 48h
ic >500 420.7 +35.8
2c 187.8 +22.4 1284 +13.1
3c 329+9.2 56+34
4c 1455+11.2 112.7+ 135
1b >500 453.0+£62.5
2b >500 >500
3b 288.7 +57.1 286.3 +65.2
4b 4473 +69.7 448.7 +53.1
CLL cells
24h 48h
ic >500 >500
2c 207.7 +18.6 1384+19.6
3c 783 +14.38 76.7+18.1
4c 107.1+17.6 113.5+203
1b >500 >500
2b >500 >500
3b 463.8 +86.4 423.9+68.2
4b >500 >500
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Fig. 2. In vitro antibacterial and antifungal activity of the palladium (II) complexes and their corresponding ligands. A) Staphylococcus aureus; B) Pseudomonas aeruginosa; C)
Enterococcus faecalis; D) Candida albicans.

Table 2

The antibacterial and antifungal activities of newly synthesized compounds.

Species Staphylococcus aureus ATCC 25923  Pseudomonas aeruginosa ATCC 27853  Enterococcus faecalis ATCC 29212  Candida albicans, clinical strain

Compounds

1b  'MICso 1000 +0.0 1000 +0.0 1000 + 0.0 500 + 0.0
2MICyy >103 >103 >103 833.3+288.7
3MBC/MMC  >10° >10° >10° >103

2b 'MICso 1000 +0.0 833.3 +288.7 1000+ 0.0 500 + 0.0
2MICyo >103 >103 >103 833.3+288.7
3MBC/MMC  >10° >10° >10° >10°

3b  'MICso 833.3+288.7 1000 +0.0 1000+ 0.0 1000+ 0.0
2MICy >103 >103 >103 >10°
3MBC/MMC  >10° >10° >10° >103

4b  'MICso 833.3+288.7 1000 + 0.0 1000 + 0.0 666.7 +288.7
2MICyo >103 >103 >103 1000+ 0.0
3MBC/MMC  >10° >10° >10° >10°

ic  'MICsp 3333+1443 416.7 £144.3 416.7 £144.3 208.3 +72.2
2MICyp 666.7 +288.7 833.3+288.7 833.3+288.7 416.7 +144.3
3SMBC/MMC  833.3 +288.7 >103 1000 + 0.0 666.7 +288.7

2c  'MICsp 208.3 +72.2 166.7 £72.2 208.3+72.2 166.7 +72.2
2MICyy 416.7 +144.3 3333+144.3 416.7 +144.3 208.3 +72.2
3SMBC/MMC  666.7 +288.7 500 + 0.0 833.3+288.7 333.3+1443

3¢ 'MICso 416.7 +144.3 >103 416.7 +144.3 666.7 +288.7
2MICyg 833.3+288.7 >103 833.3 +288.7 1000 + 0.0
3MBC/MMC ~ >10° >103 >103 >10°

4c 'MICso 3333+1443 2083 +£72.2 666.7 +288.7 166.7 +72.2
2MICyg 666.7 + 288.7 416.7 £144.3 833.3+288.7 416.7 +144.3
3MBC/MMC 1000 +0.0 500 + 0.0 1000 + 0.0 1000 +0.0

MIC, minimum inhibitory concentration (pg/mL).
MBC/MMC, minimum bactericidal concentration/minimum microbicidal concentration (pg/mL).
TMICsg, 2MICgg and *MBC/MMC values are means of three measurements (Mean value + SD).
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Table 3

The antibacterial and antifungal activities of standard antibiotics, vancomycin and ceftriaxone.

Species Vancomycin Ceftriaxone

TMICso 2MICqg 3MBC/MMC TMICso 2MICqg 3MBC/MMC
Staphylococcus aureus ATCC 25923 <15.625 <15.625 <15.625 <15.625 <15.625 15.625
Pseudomonas aeruginosa ATCC 27853 >1000 >1000 >1000 26.0+9.0 52.1+18.0 62.5+0.0
Enterococcus faecalis ATCC 29212 20.8 +9.0 41.7+18.0 62.5+0.0 416.7 + 1443 500+ 0.0 833.3+288.7
Candida albicans, clinical strain >1000 >1000 >1000 >1000 >1000 >1000

MIC, minimum inhibitory concentration (pg/mL).

MBC/MMC, minimum bactericidal concentration/minimum microbicidal concentration (pug/mL).
TMICsp, 2MICqg and *MBC/MMC values are means of three measurements (Mean value + SD).

showed no activity against C. albicans, as was expected. Observed
MICsg and MICg values of ligands were in the range of 500 pug/mL
to 1000 pg/mL and 833.3 ug/mL to >1000 pg/mL, respectively.
MICs0 and MICgg values of complexes were in the range of 166.7 pg/
mL to 666.7 pg/mL and 208.3 pg/mL to >1000 pg/mL, respectively,
depending on the species of microorganism and the tested
compound.

The highest antimicrobial activity was found in 2c, where the
lowest MICsp and MICgp was 166.7 ug/mL and 208.3 pg/mlL,
respectively and MMC was 500 pg/mL against C. albicans. Antimi-
crobial activity of complexes, such as 2c and 4c¢ was greater against
gram negative than gram positive bacteria (MIC50 was 166.7 ug/mL
and 208.3 pg/mL, respectively) and MBC/MMC values were 500 pg/
mL, whereas 1c¢ complex was less active against Pseudomonas aer-
uginosa, but more active against staphylococci and enterococci.
Also, our results suggest that 2c was more efficient against gram
positive bacteria than 4c and 1c. However, complex 3c was less
active than 2c, 4c and 1c complexes, especially against gram posi-
tive cocci and yeast. Ligands were only active against C. albicans.

Palladium complex 3c exhibited similar antimicrobial effect as
the ligand and its Cu(Il), Ni(Il), Mn(II) and Fe(Il) complexes in the
study by Al-Shaalan [27]. These compounds were found to have
higher activity against gram positive cocci and Candida albicans,
while for gram negative bacteria, the activity was only exhibited for
100% concentration [15,27]. In accordance with our results for 3¢
and 1c complexes, recent studies of newly synthesized ligands and
their corresponding palladium (II) complexes have shown that the
complexes presented antimicrobial activity against gram positive,
but were not effective against gram negative bacteria [28]. How-
ever, our results for 2c and 4¢ complexes did not accord with that
previous studies [15,27,28]. The two of palladium (II) complexes
exhibited higher antibacterial activity against gram positive bac-
teria, while the other two palladium (II) complexes showed higher
antibacterial activity against gram negative bacteria in our study,
which means that the organic ligand, plays important role in the
mode of antimicrobial action. The cell wall is different in Gram-
positive and Gram-negative bacteria, meaning that bacterial cell
wall was not the target for the attack of palladium (II) complexes.

The present study demonstrats that palladium (II) complexes
have greater antimicrobial activity than their corresponding li-
gands being in accordance with some previous studies [29,30]. The
ligands and their palladium (II) complex were generally shown to
have stronger antifungal activity than antibacterial activity. Also,
the tested complexes 3¢ and 1c were more active against gram
positive than gram negative bacteria, while 2c¢ and 4c complexes,
have higher antibacterial activity against gram negative bacteria.

4. Conclusion

Two novel enamines of methyl esters of methionine or trypto-
phane, as well as its corresponding Pd(II) complexes were prepared
and structurally characterized by using NMR and IR spectroscopy.

On the basis of results of microanalysis, as well as deep spectro-
scopic studies, we conclude that ligand was tridentate coordinated
(via two oxygens (hydroxyl group from coumarine part and
carbonyl group from ester moiety) and nitrogen from imino group)
to the Pd(II) ion. The newly synthesized palladium (II) complexes
show anticancer activity against different types of leukemia cells.
Moreover, it is very important to delineate that their respective
ligands had almost no effect in tested concentrations on viability of
cancer cells in vitro. The precise mechanism of action of investi-
gated palladium (II) complexes is still not fully understood. How-
ever, our results showed that all examined complexes, especially
complex 3c significantly decreased viability of cancer cells, which
implies that it might have an important role as promising anti-
cancer agent.

Acknowledgements

The authors are grateful to the Ministry of Education, Science
and Technological Development of the Republic of Serbia for
financial support (Projects No. 01172016 and I1141010).

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.molstruc.2017.12.095.

References

[1] T.K. Joanna, H. Elzbieta, K. Hanna, W. Irena, M. Dorota, Synthesis and phar-
macological activity of O-aminoalkyl derivatives of 7-hydroxycoumarin, Eur. J.
Med. Chem. 46 (2011) 2252.

[2] LW. Wattenberg, LK.T. Low, A.V. Fladmoe, Inhibition of chemical carcinogen-

induced neoplasia by coumarins and a-angelicalactone, Canc. Res. 39 (1979)

1651.

I. Manolov, 1. Kostova, T. Netzeva, S. Konstantinov, M. Karaivanova, Cytotoxic

activity of cerium complexes with coumarin derivatives. Molecular modeling

of the ligands, Archiv. Pharm. Med. Chem. 333 (2000) 93—98.

B.G. Lake, Coumarin metabolism, toxicity and carcinogenicity: relevance for

human risk assessment, Food Chem. Toxicol. 37 (1999) 423.

P. Manojkumar, T.K. Ravi, G. Subbuchettiar, Synthesis of coumarin heterocyclic

derivatives with antioxidant activity and in vitro cytotoxic activity against

tumour cells, Acta Pharm. 59 (2009) 159—170.

a) K. Irena, Synthetic and natural coumarins as cytotoxic agents, Curr. Med.

Chem. Anti Canc. Agents 5 (2005) 29—46;

b) Y. Al-Majedy, A. Al-Amiery, A.A. Kadhum, A.B. Mohamad, Antioxidant ac-

tivity of coumarins, Sys. Rev. Pharm. 8 (2017) 24—30.

[7] S.A. Mayekar, A.C. Chaskar, V.V. Mulwad, Facile synthesis of coumarinyl iso-

thiocyanate from amino coumarin, Synth. Commun. 40 (2010) 46—51.

D. Jiang, R. Deng, ]J. Wu, Synthesis and properties of lanthanide compounds of

3-sulfo-4-hydroxycoumarin, Wuji Huaxue 5 (1989) 21—-28.

R. Deng, ]. Wu, L. Long, Lanthanide complexes of bis(4-hydroxy-3-coumarinyl)

acetic acid and their anticoagulant action, Bull. Soc. Chim. Belg. 101 (1992)

439—443.

[10] L Kostova, I. Manolov, T. Netzeva, S. Konstantinov, M. Karaivanova, Synthesis,
physicochemical characterisation and cytotoxic screening of new complexes
of cerium, lanthanum and neodymium with Warfarin and Coumachlor so-
dium salts, Eur. J. Med. Chem. 34 (1999) 63—68.

[11] I Kostova, I. Manolov, T. Netzeva, M. Karaivanova, Synthesis, physicochemical
characterization, and cytotoxic screening of new zirconium complexes with

[3

[4

(5

(6

(8

[9


https://doi.org/10.1016/j.molstruc.2017.12.095
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref1
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref1
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref1
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref2
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref2
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref2
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref3
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref3
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref3
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref3
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref4
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref4
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref5
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref5
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref5
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref5
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6a
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6a
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6a
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6b
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6b
http://refhub.elsevier.com/S0022-2860(17)31715-5/bib6b
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref6
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref6
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref6
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref7
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref7
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref7
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref8
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref8
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref8
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref8
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref9
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref9
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref9
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref9
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref9
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref10
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref10

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

D.L. Stojkovi¢ et al. / Journal of Molecular Structure 1157 (2018) 425—433

coumarin derivatives, Archiv. Pharm. Pharm. Med. Chem. 334 (2001)
157-162.

M. Karaivanova, I. Manolov, M.L. Ninassyan, N.D. Danchev, S.M. Samurova,
Metal-complexes of warfarin sodium, Die Pharmazie 49 (1994) 856—857.
E.R. Jamieson, S.J. Lippard, Structure, recognition, and processing of cisplatin-
DNA adducts, Chem. Rev. 99 (1999) 2467—2498.

E. Budzisz, B.K. Keppler, G. Giester, M. Wozniczka, A. Kufelnicki, B. Nawrot,
Synthesis, crystal structure and biological characterization of a novel palla-
dium(II) complex with a coumarin-derived ligand, Eur. J. Inorg. Chem. (2004)
4412—-4419;

E. Budzisz, U. Krajewska, M. Rozalski, Cytotoxic and proapoptotic effects of
new Pd(II) and Pt(Il)-complexes with 3-ethanimidoyl-2-methoxy-2H-1,2-
benzoxaphosphinin-4-ol-2-oxide, Pol. J. Pharmacol. 56(2004) 473—478.

S.J. Sabounchei, P. Shahriary, N-containing Ag(I) and Hg(Il) complexes: a new
class of antibiotics, curr, Top Med. Chem. 13 (24) (2013) 3026—3039.

O.A. Ali, Synthesis, spectroscopic, fluorescence properties and biological
evaluation of novel Pd(Il) and Cd(II) complexes of NOON tetradentate schiff
bases, Spectrochim. ActaA Mol. Biomol. Spectrosc 121 (2014) 188—195.

C. Anitha, C.D. Sheela, P. Tharmaraj, S. Sumathi, Spectroscopic studies and
biological evaluation of some transition metal complexes of azo Schiff-base
ligand derived from(1-phenyl-2,3-dimethyl-4-aminopyrazol-5-one) and 5-
((4-chlorophenyl)diazenyl)-2-hydroxybenzaldehyde, Spectrochim. Acta Mol.
Biomol. Spectrosc. 96 (2012) 493—500.

C. Melber, D. Keller, 1. Mangelsdorf, Palladium-environmental Health Criteria
Series No. 226, World Health Organisation, 2002.

C. Rimbu, R. Danac, A. Pui, Antibacterial activity of Pd(Il) complexes with
salicylaldehyde-amino acids Schiff bases ligands, Chem. Pharmaceut. Bull. 62
(1) (2014) 12—15.

D.ILj Stojkovi¢, A. Bacchi, D. Capucci, M.R. Milenkovi¢, B. Cobeljic,
S.R. Trifunovi¢, V. Andelkovi¢, V.V. Jevti¢, N. Vukovi¢, M. Vuki¢, D. Sladic,
Synthesis and characterization of palladium(ll) complexes with glycine
coumarin derivatives, J. Serb. Chem. Soc. 81 (0) (2017) 1-11.

D.Lj Stojkovi¢, V.V. Jevti¢, N. Vukovi¢, M. Vukovi¢, 1. Potocndk, LR. Zelen,
M.M. Zari¢, M.M. Misi¢, D. Baski¢, G.N. Kaluderovi¢, S.R. Trifunovi¢, Crystal and
molecular structure of a new palladium(Il) complex, J. Struct. Chem. 58 (No. 3)
(2017) 550—557.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

433

S. Sukdolak, N. Vukovi¢, S. Soluji¢, N. Manojlovi¢, Lj Krsti¢, Hantzsch reaction
of 3-(2-bromoacetyl)-4-hydroxy-chromen-2-one. Synthesis of 3-(thiazol-4-
yl)-4-hydroxycoumarines, ]. Heterocycl. Chem. 41 (2004) 593—596.

M. Hallek, B.D. Cheson, D. Catovsky, F. Caligaris-Cappio, G. Dighiero,
H. Dohner, P. Hillmen, M.J. Keating, E. Montserrat, K.R. Rai, T.J. Kipps, Guide-
lines for the diagnosis and treatment of chronic lymphocytic leukemia: a
report from the international workshop on chronic lymphocytic leukemia
updating the national cancer institute—working group 1996 guidelines, Blood
111 (2008) 5446—5456.

L. Kennedy, J. Reynolds, Protocol for the removal of adherent macrophages, in:
Lefkovitsl. Immunology Methods Manual, Academic Press, San Diego, Cali-
fornia, USA, 1997, pp. 2091—2097.

TJ. Mosmann, Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays, Immunol. Methods 65
(1983) 55—63.

Clinical and Laboratory Standard Institute, Performance Standards for Anti-
microbial Susceptibility Testing; Approved Standard, M100—523, 23™ ed.,
Clinical and LaboratoryStandards Institute, Wayne, PA, 2013.

N.H. Al-Shaalan, Synthesis, characterization and biological activities of Cu(II),
Co(II), Mn(II), Fe(Il), and UO2(VI) complexes with a new schiff base hydra-
zone: O-Hydroxyacetophenone-7-chloro-4-quinoline Hydrazone, Molecules
16 (10) (2011) 8629—8645.

G.D. de Souza, M.A. Rodrigues, P.P. Silva, E.C. Pereira-Maia, F.V. Botelho, T.A. de
Campos, E.D.F. Franca, K. de Almeida, W. Guerra, A new complex of palla-
dium(Il) with2 furoic hydrazide: synthesis, characterization, theoretical cal-
culations and biological studies, Croat. Chem. Acta 86 (2) (2013) 201—-206.
M.K. Samota, G. Seth, Synthesis, characterization, and antimicrobial activity of
palladium(Il) and platinum(Il) complexes with 2-substituted benzoxazole li-
gands, Heteroat. Chem. 21 (1) (2010) 44—50.

G.P. Radi¢, V.V. Glodovi¢, Z.R. Ratkovi¢, S.B. Novakovi¢, S. Garcia-Granda,
L. Roces, L. Menéndez-Taboada, I. Radojevi¢, O.D. Stefanovi¢, LjR. Comi¢,
S.R. Trifunovi¢, Synthesis, characterization and antimicrobial activity of novel
platinum(IV) and palladium(ll) complexes with meso-1,2-diphenyl-ethyl-
enediamine-N,N'-di-3-propanoic acid - crystal structure of Hj-1,2-
dpheddp- 2HCI-H;0, J. Mol. Struct. 1029 (2012) 180—186.


http://refhub.elsevier.com/S0022-2860(17)31715-5/sref10
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref10
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref10
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref11
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref11
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref11
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref12
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref12
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref12
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref13
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref13
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref13
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref13
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref13
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref15
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref15
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref15
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref16
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref16
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref16
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref16
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref17
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref18
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref18
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref19
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref19
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref19
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref19
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref20
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref21
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref22
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref23
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref24
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref24
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref24
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref24
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref25
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref25
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref25
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref25
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref26
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref26
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref26
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref26
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref26
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref27
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref27
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref27
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref27
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref27
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref28
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref28
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref28
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref28
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref28
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref29
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref29
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref29
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref29
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30
http://refhub.elsevier.com/S0022-2860(17)31715-5/sref30

Journal of Structural Chemistry. Vol. 58, No. 3, pp. 550-557, 2017.
Original Russian Text © 2017 D. Lj. Stojkovi¢, V. V. Jevtié, N. Vukovié¢, M. Vukié, I. Potochidk, 1. R. Zelen, M. M. Zari¢, M. M. Misié,
D. Baski¢, G. N. Kaluderovié, S. R. Trifunovic.
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The new coumarine derivate with methyl ester of 2-((Z)-1(2,4-dioxochroman-3-ylidene)ethylamino)-
3-methylbutanoic acid and the corresponding palladium(Il) complex are synthesized and characterized by
microanalysis, infrared, 'H and *C NMR spectroscopy. The proposed structure of the ligand was confirmed
based on the X-ray structural study.
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INTRODUCTION

Coumarins and their derivatives are widely spread in nature, especially in the world of plants, although they are also
found in the metabolites of microorganisms and animals [1]. Coumarine derivatives have spasmolytic, antiarrhythmic,
cardiotonic, and photodynamic properties [2], as well as antioxidant [3] and antitumor activity [4]. Metal complexes with
coumarine derivatives are also used in significant anticoagulant [5, 6] and antitumor activity [2, 7] investigations. Some
researchers showed that cerium(Ill), zirconium(IV), copper(Il), zinc(I), bismuth(IIl), and cadmium(Il) were significantly
cytotoxic in vitro [8, 9].

The initial results of antitumor testing of palladium complexes, due to their structural analogy with platinum(II)
complexes, were not very encouraging. The palladium(Il) complexes generally showed a lower antitumor activity than
cisplatin. This could be explained due to a more labile nature of the palladium(Il) complexes in comparison to the
corresponding platinum(Il) complexes [10]. However, some palladium(Il) complexes exerted a higher antitumor activity in
comparison to cisplatin and carboplatin. Budzisz et al. found that the palladium(Il) complex with 4-hydroxy-3-
(1-iminoethyl)-2 H-chromen-2-one was 7800 times more active than carboplatin [11].

The rapid emergence of pan-resistant bacterial strains is a major medical problem throughout the world. Some
resistant strains have developed mechanisms of resistance to all existing antibiotics. The great number of newly synthesized
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ligands and their metal(Il) complexes have been screened for their antimicrobial activities. The antibacterial screening has
demonstrated that copper(Il) and silver(I) complexes have the greatest and broad activities among the investigated complexes
[12-14]. A wide range of biochemical processes may be responsible for the action mechanism of free ligands and their
metal(II) complexes against different microorganisms [15].

Herein we described the synthesis and characterization of the new coumarine derivate with methyl ester of amino
acid S-valine, methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate and the corresponding palladium(II)
complex. The crystal structure of methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate is also described.

EXPERIMENTAL

Materials and methods. S-Valine methyl ester hydrochloride, triethylamine, methanol, ethanol, toluene, acetone
and potassium tetrachloridopaladate(Il) were obtained from Sigma Aldrich, Germany. The 3-acetyl 4-hydroxy-coumarine
compound was synthesized by the previously described procedure [11].

Elemental microanalyses for C, H, and N were performed by the standard methods on a Vario EL /I C, H, N
Elemental Analyzer. The melting point of the ligand was determined using a Kofler-hot stage apparatus and was uncorrected.
Infrared spectra were measured on a Perkin-Elmer Spectrum One FT-IR spectrometer by the KBr pellet technique (4000-
400 cm™). The NMR spectra were recorded on a Varian Gemini 200 spectrometer (Varian, Palo Alto, CA); 'H NMR at
200 MHz and C NMR at 50 MHz, solvent DMSO-d;s, TMS internal standard. The chemical shifts were given in & (ppm)
and coupling constants (J) in Herz (Hz) (abbreviations: s — singlet, d — doublet, dd — doublet of doublet, m — multiplet, br s —
broadend singlet). Mass spectra were recorded on a 5973 mass spectrometer (Agilent, Santa Clara, CA) (MS quadruple
temperature 150°C; mass scan range, 40-600 amu at 70 eV). Analytical TLC was performed on silicagel (Silica gel 60, layer
0.20 mm, Alugram Sil G, Mashery-Nagel, Germany). The visualization of TLC plates was performed using an UV lamp at
254 nm and 365 nm (VL-4.LC, 365/254, Vilber Lourmat, France).

Synthesis of methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate, L. A mixture of
3-acetyl 4-hydroxy coumarine (0.400 g, 0.002 mol), S-valine methyl ester hydrochloride (0.335g, 0.002 mol), and
trimethylamine (0.202 g, 0.002 mol) in methanol (50 ml) was refluxed for 2 h. The progress of the reaction was monitored by
TLC (toluene:acetone = 8:2). After the completion of the reaction the solvent was evaporated to half of its volume. Upon the

addition of 5 ml of water, the obtained white crystals were filtered, dried, and recrystallized from 96% ethanol. Yield: 0.53 g

(83%) (Scheme 1).
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N
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Scheme 1. Preparation of methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate L and
bis(methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate)-palladium(Il) complex C
Chemical formula: C;H;oNOs, MW: 317.34, Elemental analysis: calcd: C 64.34, H 6.03, N 4.41, found C 64.34,
H 6.03, N 4.41. M.p. 182-184°C. IR (KBr) v, cm™': 3467 and 3210 (NH), 3030 (=CH), 2969 and 2850 (CH), 1743 (C=0
from COOCHj;), 1706 (C=O from 2,4-dioxochroman part), 1609, 1571, 1487 and 1467 (C=C), 1138 (C—O-C from

COOCH;). 'H NMR (DMSO-d,, 200 MHz): & (ppm) 1.69 (6H, d, 3JH3,, g e = 6.3 Hz, CHY; CH"), 1.97 (1H, m,

CH?), 2.70 (3H, s, C"'CH;), 3.84 (3H, s, COOCHj3), 4.62 (1H, m, C-H'"), 7.25 (2H, m, CH®, CH’), 7.53 (1H, dd,
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3Jus, w7 = 7.96 Hz, *Jys 6 = 2.71 Hz, CH®), 8.07 (1H, dd, *Jy;s. 6 = 8.14 Hz, “Jyys 7 = 1.99 Hz, C-H°), 12.62 (0.18 H, bs, NH)
and 14.74 (0.82H, bs, NH) from two isomers. °C NMR (DMSO-d,, 50 MHz): & (ppm) 18.70 (C"CHj3), 18.92 (C*', C*),
42.35 (C*), 52.48 (C'), 53.10 (COOCHj3), 98.87 (C?), 116.46 (C®), 123.51 (C®), 126.05 (C°), 128.95 (C'%), 133.94 (C7),
153.09 (C°), 165.94 (C?), 170.59 (CH;00C), 176.01 (C") and 182.64 (C*).

Synthesis of palladium(II) complexes, C. Potassium tetrachloridopalladate(I) (0.0500 g, 1.53--10* mol) was
dissolved in 10ml of water on a steam bath and the double amount of methyl 2-(1-(2,4-dioxochroman-
3-ylidene)ethylamino)-3-methylbutanoate (0.0971 g, 3-10~* mol) dissolved in methanol (10 ml) was added. The mixture was
stirred for 3 h and the yellow precipitate was obtained. The precipitate was filtered off. Yield: 0.056 g (49.6%) (Scheme 1).

Chemical formula: C34H3¢N,O10Pd, MW: 739.05, Elemental analysis: Caled: C 55.25, H 4.91, N 3.79, found C
55.89, H 4.82, N 3.68. IR (KBr) v, cm™': 3011 (=CH), 2958, 2925 and 2851 (CH), 1742 (C=0 from COOCH3), 1708 (C=0
from coumarine), 1606 (C=N), 1570, 1543 and 1486 (C=C), 1138 (C—O—C from COOCH;), 526 (Pd—O), 463 (Pd—N).

'H NMR (DMSO-d,, 200 MHz): & (ppm) 1.60 (6H, d, 3JH3,, g = 6.01 Hz, CH®"; CH"), 2.35 (1H, m, CH*"), 2.62

(3H, s, C"CH3), 3.76 (3H, s, COOCH3), 491 (1H, m, CH"), 7.30 (2H, m, CH®, CH’), 7.66 (1H, m, CH®), 7.99 (1H, dd,
3 Jus. 146 = 8.00 Hz, *Jyys, 47 = 2.00 Hz, CH’). *C NMR (DMSO-d;, 50 MHz): § (ppm) 17.42 (C"'CH3), 18.75 (C¥', C*), 31.13
(C*), 52.67 (C"), 53.17 (COOCHj3), 96.78 (C*), 116.36 (C®), 120.28 (C°), 123.80 (C°), 125.76 (C'°), 134.30 (C"), 152.87
(C%), 161.72 (C?), 169.87 (CH;00C), 177.08 (C") and 180.60 (C*).

X-ray data collection and structure refinement. A summary of the X-ray diffraction experiment and structure
refinement for L is given in Table 1. The data collection for L was performed on an Oxford Diffraction Xcalibur 2
diffractometer equipped with a Sapphire2 CCD detector with graphite-monochromatized MoK, radiation (AL =0.71073 A).
Crysalis CCD [16] was used for data collection while Crysalis RED [16] was used for cell refinement, data reduction, and
absorption correction. The structure was solved by SUPERFLIP [17] and subsequent Fourier syntheses using SHELX1.2013

TABLE 1. Crystal Data and Structure Refinement of 2-(1-(2,4-Dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate L

Compound L
Empirical formula C17H19NOs
Formula weight 317.33
Temperature, K 173(2)
Wavelength, A 0.71073
Crystal system; space group Monoclinic; P2,
Unit cell dimensions: a, b, c, A; B, deg. 5.1467(2), 12.9904(5), 11.8223(5); 96.644(4)
Volume, A® 785.10(5)
Z; D, g-cm_3 2; 1.342
Absorption coefficient, mm™ 0.099
F(000) 336
Crystal shape; color Prism; colorless
Crystal size; mm 0.406x0.189x0.091
0 range for data collection, deg. 3.136-26.493
Index ranges —-6<h<6, -16<k<16, -14</<14
Reflections collected / independent 6596 /3260 [R(int) = 0.0240]
Data / restraints / parameters 3260/1/213
Goodness-of-fit on F* 1.015
Final R indices [/ > 20(/)] R;=0.0385, wR,=0.0773
R indices (all data) R, =0.0528, wR, =0.0842
Absolute structure parameter 0.6(5)
Extinction coefficient 0.013(4)
Largest diff. peak and hole, e/A’ 0.151 and —0.144
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[18], implemented in the WinGX program suit [19]. Anisotropic displacement parameters were refined for all non-hydrogen
atoms. The hydrogen atoms of aromatic carbon atoms, methyl, methine, and amine groups were placed in the calculated
positions and refined riding on their parent C or N atoms with C—H or N—H distances of 0.95 A,098A,1.00A,and 0.88 A,
respectively with Ujso(H) = 1.2, Ugy(C,N). The analysis of bond distances and angles was performed using SHELXL2013;
DIAMOND [20] was used for molecular graphics.

Computational study. Geometry optimizations were performed with the Gaussian 09 package [21]. All structures
were optimized using the B3LYP functional. The SDD basis set for all atoms was employed in the calculations. All systems
were optimized without symmetry restrictions. The resulting geometries were characterized as equilibrium structures by the
analysis of the force constants of normal vibrations. Supplementary data associated with the quantum chemical calculations

can be obtained from the authors upon request.
RESULTS AND DISCUSSION

Chemistry. The ligand L as well as the corresponding palladium(II) complex C were synthesized as depicted in
Scheme 1. The treatment of equimolar amounts of 3-acetyl 4-hydroxy coumarine and S-valine methyl ester hydrochloride in
the presence of triethylamine in refluxing methanol yielded the ligand L. The palladium(Il) complex C was synthesized by
mixing L and potassium tetrachloridopalladate(I) in a 2:1 molar ratio in a water/methanol (1:1, v/v) solution at room
temperature for 3 h.

The structure of the compound L was confirmed by spectroscopic methods (IR, 'H NMR, *C NMR, and MS) as
well as by elemental analysis. The IR spectra showed characteristic bands at 3467 cm™' and 3210 cm™' for the NH group,
1743 cm™' for the carbonyl group from COOCH3 and 1706 cm™" for the carbonyl group from the 2,4-dioxochroman part. In
the '"H NMR spectrum of the ligand L, the signals of 2,4-dioxochroman protons (four aromatic protons) appeared at 7.25 ppm
(multiplets from CH6 and CH7), 7.53 ppm (doublet of doublet from CHS), and 8.07 ppm (doublet of doublet from CHS),
respectively. Methyl protons from the carbon atom attached to C1' in a form of a singlet showed a resonance at 2.70 ppm,
while the singlet from COOCH; was observed at 3.87 ppm. Proton magnetic resonance of the NH group at 12.62 ppm and
14.74 ppm, indicated that the compound L exists in a CHCI; solution in two forms. Based on the ratio of integrals
(0.82:0.18), a more stable isomer La (the structure with a hydrogen bond between the NH proton and the C4 carbonyl group)
showed a resonance of the NH proton at 14.74 ppm in contrast to the isomer Lb (the structure with a hydrogen bond between
the NH proton and the C2 carbonyl group) (Fig. 1).

In the *C NMR spectra, C1' carbon atom was observed at 176.01 ppm, whereas the methyl carbon atom attached to
C1' was noted at 18.70 ppm. Two carbonyl groups from the 2,4-dioxochroman moiety, lactone and ketone, were noticed at
165.94 ppm and 182.64 ppm, respectively. Six aromatic carbon atoms showed resonances at 116.46 ppm (C8), 123.51 ppm
(C6), 126.05 ppm (C5), 128.95 ppm (C10), 133.94 ppm (C7), and 153.09 ppm (C9), while the C3 carbon atom was observed
at 98.87 ppm. Carbonyl from the methyl ester group, as well as the carbon atom from the position C1”, appeared at chemical
shifts at 170.59 ppm and 52.48 ppm, respectively. The base peak in MS spectra at 258 m/z corresponds to the M —COOCH;
fragment ion.

The IR spectral data of the obtained palladium(Il) complex C exhibited significant differences in comparison to the
ligand L. The observed stretching vibration of the enamino NH group in the ligand L was not present in the complex C. Also,

|
g N ~ 0
seallivee
o~ ~o 0] o"H
La Lb

Fig. 1. Structure of La and Lb isomers.
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TABLE 2. Characteristic Group in the IR Spectra and Their Wavenumbers

Vv, cm’
Compound
NH C=0 C=N Pd-O Pd-N
L 3467 and 3210 1706 / / /
C / 1708 1606 526 463

the bands at 1606 cm™' and 463 cm™ belonging to the C=N and Pd-N groups, respectively, indicate that the nitrogen atom is
involved in the coordination (Table 2). The presence of a Pd—O band at 526 cm™ and the identified coumarine lactone band at
1708 cm™" indicated that the formation of the Pd complex caused a transformation of the enamine ligand into the imino form.

The 'H NMR spectra of the palladium(II) complex C show no broadened singlets at 14.74 ppm and 12.62 ppm from
the NH group of the enamine ligand part. The protons from the methyl group attached to C-1’ show a resonance at 2.62 ppm,
being 0.08 ppm lower than that in the ligand L. However, multiplets from CH2 protons from C-1" and CH protons from C-2"
were observed at higher frequencies (4.91 ppm and 2.35 ppm, respectively) (Table 3).

Structure description. The crystal structure of L (Fig. 2) indicates that the compound occurs in a keto-amine
tautomeric form in the solid state, stabilized by an intramolecular N1-H1...03=C4 hydrogen bond, confirming the
dominance of the more stable La isomer in the solution, and conjugated by a double-bond system. Considering the O3=C4—
C3=C1'-N1-H1 fragment, we can observe the equalization of the C3—C4 (1.434(4) A) and C3=C1’ (1.437(4) A) bond
lengths although the bonds are formally single and double, respectively. The exocyclic C3=C1’ double bond has an E

TABLE 3. Differences of Characteristic Chemical Shifts in the Ligand L and the Corresponding Palladium(IT) Complex C

'H NMR (200 MHz) &, ppm

Compound
S, ppm
L (DMSO-d) C (DMSO-dy)
2.70 (s, 3H, CH;C") 2.62 (s, 3H, CH5C") -0.08
4.62 (m, 2H, CH,C*) 4.91 (m, 2H, CH,C%) 0.29
1.97 (m, 1H, CHC") 2.35 (m, 1H, CHC") 0.38
14.74 and 12.62 (br s, 1H, NH) / /

Fig. 2. Crystal structure of L (displacement ellipsoids are drawn at 40% probability,
intramolecular hydrogen bond is shown as dashed line).
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TABLE 4. Hydrogen Bonds for L (A) and Angles (deg)

D-H...A d(D-H) d(H...A) dD...A) Z(DHA)
N1-HI...03 0.88 1.77 2.529(3) 142.9
C2'"-H2B...02! 0.98 2.52 3.394(4) 148.0
C3"-H3"B...03" 0.98 2.41 3.325(4) 154.6

Symmetry transformations used to generate equivalent atoms: ifxfl, y+1/2,—z; i x—1,y,z.

geometry, obviously due to the effect of the above mentioned hydrogen bond. We also observed the elongation and
shortening of the C4=03 (1.259(3) A) and C1'-N1 (1.321(3) A) bonds, respectively. The same bond lengths (within 3c) were
observed in the related 3-[(1-benzylamino)ethylidene]-2H-chromene-2,4(3H)-dione compound [23]. However, in the similar
3-(1-((2-hydroxyphenyl)amino)ethylidene)-2 H-chromene-2,4(3H)-dione compound [24] the equivalence of the C3-C4
(1.437(3) A) and C3=C1’ (1.429(3) A) bond lengths was not fully achieved although all the other above discussed bond
lengths are equal (within 35) to the corresponding bonds in L. The n-electron delocalization effect in L is strong due to the
planarity and aromatic character of the coumarin part of the molecule (the largest deviation from the mean plane being
0.029(2) A for the O2 atom). Moreover, due to the n-electron delocalization, not only the coumarin-ring system is essentially
planar but an atomic ensemble involving coumarin rings along with the C2"-C1"-N1-C1'-C2’ fragment is also essentially
planar, as indicated by the maximum deviation of 0.114(3) A at the C1” atom. All the other bond lengths and angles in the
molecule of L are within normal ranges [25].

The L molecule itself is stabilized by the intramolecular N1-H1...03 hydrogen bond forming a cyclic S6 motif [26]
(Table 4). The molecular packing is governed by intermolecular C-H...O hydrogen bonds and n—n stacking interactions. The
C2'"—H2B...02' hydrogen bond producing a C10 chain motif [26] links the molecules to form an infinite zig-zag chain along
the b axis (Fig. 3) being further tied to the neighboring chain by the C3"—H3"B...03" hydrogen bond (producing a C9 chain
motif [26]) to form a wave-like plane in the ab plane (Fig. 4). The next stabilization of the so formed plane comes from face
to face m—m interactions [27] between the phenyl and pyran-2,4-dione rings from coumarin rings in two adjacent chains, as
evidenced by distances between the ring centroids (Cg) (3.716(2) A) and by the angle between the phenyl ring normal and the
vector connecting ring centroids (23.2°). Finally, the structure is also stabilized by C—H...Cg (n ring) interactions involving
C2'-H2'B and the pyran-2,4-dione ring (with a H2'B...Cg distance of 2.77 A and C2'-H2'B...Cg angle of 125°).

Quantum chemical calculations. Structural isomers La and Lb were investigated by DFT calculations. La appears
to be energetically more favorable being 1.93 kcal/mol more energetically stable than Lb. The results are within the error of

Fig. 3. Part of the chain formed in the structure of L (intramolecular and intermolecular
hydrogen bonds are shown as dashed lines). [Symmetry code: (i) = —x—1, y+1/2, —].
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Fig. 4. Part of the wave-like plane formed in the structure of L (intramolecular and
inter-molecular hydrogen bonds are shown as dashed lines). [Symmetry codes:
(1) =—x—1, y+1/2, —=z; (ii)) =x—1,, z].

DFT calculations, but are in accordance to the finding from NMR spectroscopy stating that the La isomer is found much
more abundant than Lb. In the reaction of the ligand precursor methyl-2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-
methylbutanoate with K,[PdCl,] two isomers might be obtained: cis and trans arranged k*-N,O ligands. In order to determine
which of the two isomers is formed, chemical calculations were employed.

The structures were fully optimized without any symmetry constraints and were found to represent the equilibrium
structures. The calculated results for the bis(methyl-2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methyl-
butanoate)palladium(Il) complex showed that the frans isomer appeared to be structurally and synthetically feasible. The
energy differences between trans- and cis-bis(methyl-2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate)
palladium(II) isomers is 11.2 kcal/mol. DFT calculations are in agreement with the results of the NMR spectroscopy (within
the sensitivity limits of the NMR spectroscopy) where the presence of only one isomer is observed. Thus, the DFT
calculations indicate that the isolated isomer could be assigned to trans-bis(methyl-2-(1-(2,4-dioxochroman-3-
ylidene)ethylamino)-3-methylbutanoate) palladium(II).

CONCLUSIONS

Methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate crystallized in the monoclinic crystal
system with the P2, space group. The crystal structure is dominantly stabilized by the intramolecular N-H...03=C4
hydrogen bond. Based on the DFT calculation, the frans geometry to the corresponding Pd(II) complex with methyl 2-(1-
(2,4-dioxochroman-3-ylidene)ethylamino)-3-methylbutanoate can be assigned.

The authors are grateful for financial support from the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Grant Nos. OI172016 and 11141010). This work was further supported by the Slovak
Research and Development Agency under contract No. SK-SRB-2013-0004, and by the grant VEGA 1/0598/14.

CCDC 1062329 contains the supplementary crystallographic data for L. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Abstract

Introduction: The majority of studies pu-
blished so far on bacterial vaginosis (BV) have not
been consistent in associating BV and cervical dy-
splasia. The aim of this study was to determine the
correlation between BV and cervical intraepithe-
lial neoplasia (CIN), and between BV and degree
of severity of these changes on the uterine cervix.

Materials and Methods: The study included
sexually active women who were referred by
gynecologists to colposcopic examination. Based
on histopathological results, the examinees were
divided into three groups: 41 women with con-
firmed CIN changes; 30 women without precan-
cerous and cancerous changes in the cervix and
29 women with histopathologically confirmed
invasive cervical cancer. Microbiological testing
of samples from the genital tract included direct
microscopic smears, wet and stained, and inocu-
lation of culture medium, testing for Chlamydia
trachomatis and genital mycoplasmas.

Results: BV was present among 18 (43.9%)
women with cervical intraepithelial neoplasia and
13 (44.8%) women with invasive cancer, which in
both cases meant statistically significantly higher
frequency compared to women without precan-
cerous and cancerous cervical changes, who had
confirmed bacterial vaginosis in 3 (10.0%) cases
(p = 0.003). The risk of finding the precancero-
us changes on the cervix was 8.36 (1.89 to 37.04)

2088

times higher in patients with BV than in women
without that infection.

Conclusion: BV was significantly more co-
mmon in women with the finding of precancero-
us changes in the cervix, and was not associated
with severity of histopathological changes in the
Cervix.

Key words: Bacterial vaginosis; Precancerous
changes; Cervical intraepithelial neoplasia

Introduction

Bacterial vaginosis (BV) is a non-inflamma-
tory, infectious syndrome described in the vaginal
pathology. Clinically, it is polymicrobial, primari-
ly anaerobic infection with subacute course, which
is followed by homogenous secretions adherent to
vagina, odor and poor leukorrhea. Dysuria may
be present and external vaginal itching or redness
may be seen. Many women with bacterial vagino-
sis do not have any signs or symptoms [1].

Microbiologically, BV is defined as a dis-
ruption in the balance of bacterial morphotypes,
overgrowth of a large number of anaerobic and
microaerophilic bacteria, Gram-positive cocci,
Mycoplasma spp. and reduction in the number of
Lactobacillus spp. In women with BV, lactobacilli
are absent or severely reduced, while concentrati-
ons of other bacteria are generally increased 100-
to 10000-fold over normal levels [2-6].
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The human papillomavirus (HPV) is the ma-
jor etiologic agent in the development of cervical
cancer, while BV and other genital infections are
considered to increase the risk of cervical cancer
[7-9]. The majority of infected women are found
to heal spontaneously with no ill effects, probably
due to a competent immune response. However,
if woman develops persistent infection, the cervix
is prone to the transformation of cells and develo-
pment of precancerous changes [10].

The majority of studies published so far on bac-
terial vaginosis (BV) have not been consistent in
associating BV and cervical dysplasia. Marrazzo et
al., as well as many other researchers, found that
BV causes inflammatory changes of the cervix and
that chronic inflammation of the cervix with BV
may be considered as one of the mechanisms for
the development of malignant changes in the cervix
[11-14]. Co-factors that are also associated with an
increased risk of cervical intraepithelial neoplasia
(CIN) and cervical cancer are smoking, poor nu-
tritional status, hormonal factors (age of women
at first childbirth), use of hormonal contraception,
having sex at an early age (less than 16 years) and
a large number of sexual partners, race, multiple
births, low socioeconomic status. Older women
have increased risk of CIN and cervical cancer, as
well as women with sexually transmitted infection
(STI), such as infection with bacteria Chlamydia
trachomatis (C.trachomatis) and protozoa Tricho-
monas vaginalis (T'vaginalis) [7, 15, 16].

The aim of this study was to determine the
correlation between BV and CIN, and between
BV and degree of severity of these changes on the
uterine cervix.

Materials and Methods:

The study enrolled sexually active women
who were primarily examined by gynecologi-
sts and then referred to colposcopic examination
from May 2005 to January 2007 for a biopsy and
further histopathological examination. Ethical
approval was obtained from the local ethics com-
mittee. Written, informed consent was taken from
the patients for participation in the study.

Based on histopathological results (results of biop-
sy), the participants were divided into three groups:

Journal of Society for development in new net environment in B&H

- The target group: 41 women with
histologically confirmed CIN 1, CIN 2 and
CIN 3.

- The negative control group: 30 women
without precancerous and cancerous
cervical changes.

- The positive control group: 29 women with
histologically confirmed invasive cervical
cancer.

Samples were taken from women examined by

speculum for microbiological examination:

- Two high wvaginal swabs were taken
from each woman for bacteriological
examination;

- Vaginal swab from the posterior vaginal
fornix which was immediately after taking
suspended in 1 ml of normal saline solution
and incubated at 37°C in order to identify
the protozoa 7. vaginalis by using the wet
mount technique;

- Two cervical swabs for bacteriological
examination;

- Endocervical swab for detection of genital
mycoplasmas was collected using a Dacron
endocervical swab;

- Endocervical swab for detection of
C.trachomatis was collected using a Dacron
endocervical swab [17].

Microbiological testing of samples from the
genital tract included direct swabs for wet and
stained smears for microscopy, and inoculation of
culture medium, testing for C. trachomatis and ge-
nital mycoplasmas.

The wet preparation method was used for the di-
agnosis of trichomoniasis, bacterial vaginosis, and
candidiasis in women. BV diagnosis was based on
the presence of the "clue cells", which are vaginal
epithelial cells covered with numerous tiny rods
and coccobacilli. If the swabs from women with
bacterial vaginosis are positive for Mobiluncus
spp., the abundance of highly motile bacteria can
be observed on the microscopic preparation.

Gram-stained vaginal smears were used for
the direct cytobacteriological examination. Gram-
stained vaginal smear enables observing the epithe-
lial cells, and at the same time provides the insight
into the number and presence of leukocytes and
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microbial flora. "Clue cells" in the Gram-stained
vaginal smear are covered by masses of Gram-labi-
le and Gram-negative bacilli and coccobacilli. BV
was diagnosed also by using the Nugent score, a
semi quantitative scoring system to evaluate bacte-
rial morphotypes on the direct Gram stain of vagi-
nal fluid [17]. The increased number of polymorp-
honuclear leukocytes (PMN) in the DMP indicates
the presence of inflammatory reaction.

Different microbiological culture media were
used for the inoculation of vaginal and cervical
swabs. For the isolation of aerobic Gram-positive
bacteria (Columbia agar), differential medium for
isolation of Enterobacteriacae (Mac Conkey), a
selective medium for the isolation of Gardnerella
vaginalis (Blood agar: a selective medium with
5% Human Blood), enriched medium for the se-
lective isolation of Neisseria gonorrhoeae (Thayer
Martin Medium with selective supplements) and
medium for the isolation of yeasts of the genus
Candida (Sabouraud's Dextrose Agar). Medium
(Mac Conkey agar ) for Enterobacteriaceae was
incubated at 37°C and examined after 24 hours.
Other culture media were incubated in an atmosp-
here of high relative humidity and a CO,—enriched
atmosphere for 48 hours. Microorganisms cultiva-
ted from positive culture media were identified by
using standard microbiological methods [17].

Confirmation of BV diagnosis was done by the
growth of G.vaginalis in pure culture or by its pre-
sence in relatively large numbers compared to the
other bacteria on the selective medium with 5% Hu-
man Blood. Colonies of G.vaginalis are easy to iso-
late on the solid medium. 7hey are round, transpa-
rent, smaller than 0.5 mm in diameter, surrounded
by discrete weak -hemolysis. On the Gram-stained
smear using a plate culture of G.vaginalis, we obser-
ved Gram-negative or Gram-labile short rods [17].

Diagnosis of genital mycoplasmas was perfor-
med with the commercially available Mycopla-
sma IST 2 Kit (bioMérieux, France), by means of
which the genital Mycoplasma were identified and
quantified; simultaneously antibiotic susceptibili-
ty tests were performed.

C. trachomatis infection was diagnosed by di-
rect immunofluorescence using commercial Flu-
orotect Chlamydia test (Omega Diagnostics Ltd,
Scotland. United Kingdom). In women with histo-
pathologically verified invasive cancer, testing for
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C.trachomatis was not performed, due to inability
to get adequate samples for testing (presence of
blood on the swab).

Biopsy samples were taken from colposcopically
suspect changes of the cervix (white-colored after
the application of acetic acid, mosaic, irregular vas-
cularization) with a Q-tip or hook; the depth of biop-
sy specimens was about 3mm. The cervical biopsy
results were reported as without precancerous and
cancerous changes in the cervix, as CIN 1=mild dy-
splasia; CIN 2 = moderate dysplasia; CIN 3= severe
dysplasia or ICC = invasive cervical cancer [18].

The participants completed a questionnaire pre-
pared for the research purposes. A questionnaire
was a series of questions posed to women to obtain
statistically useful information about sexual behavi-
or and socio-demographic data (date of birth, age of
first sexual intercourse, number of sexual partners,
frequency of sexual activity, presence of sexually
transmitted diseases, number of childbirths, age of
first childbirth, use of hormonal contraceptives and
hormonal drugs, data on vaginal washing practices,
kinds of lower genital tract symptoms, education
level, nationality, smoking status).

Quantitative statistical analysis was performed
using SPSS version 10.0 and the StatCalc function
of Epi Info sofiware package version 6™,

The Student t-test was used to compare the
mean values of numerical symbols, comparison
of the frequency of the descriptive characteristics
among groups was performed using Mantel-Ha-
enszel Chi square test, and in cases where expec-
ted frequencies were less than five - Fisher's exact
probability test for testing the zero hypothesis.
The assessment of correlation between each indi-
vidual risk factor and the finding of precancerous
changes in the cervix was carried out using a lo-
gistic regression analysis. As the threshold value
for declaring statistical significance was estimated
error of less than 5% (p <0.05) in all analyses. The
results of statistical analysis are shown in tables.

Results

On average, women in the group with invasive
cervical cancer were 50.28 + 9.17 years old, and
they were significantly older than women in the
test group with precancerous changes in the cer-
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vix (43.95 + 9.27 years old and p-value = 0.019),
and they also were older than women without
precancerous and cancerous changes on the cer-
vix (41.97 £ 10.89 years old and p value = 0.007)
(Table 1). The difference in age between women
with precancerous changes in the cervix and wo-
men without precancerous and cancerous changes
in the cervix was not statistically significant.
Bacterial vaginosis was found in 18 (43.9%)
women with precancerous changes in the cervix
and 13 (44.8%) women with invasive cervical can-
cer, which in both cases meant that the frequencies
of women with BV was significantly higher in both
groups compared to the group of women without

Table 1. Age of patients by groups

precancerous and cancerous changes in the cervix,
where BV was confirmed only in 3 (10.0%) cases
(p=0.003) (Table 2). It is very important that BV in
our research was not proven as a co-infection with
other tested infectious agents in combination.

C. trachomatis was confirmed in 24 (58.5%) ca-
ses in the test group, while the percentages of fe-
males with this infection was significantly lower in
women without precancerous and cancerous chan-
ges in the cervix (30.0% and p = 0.029). The frequ-
encies of infection with other bacteria did not differ
significantly among the groups (p >0.05) (Table 3).

In women with precancerous changes of the cer-
vix, yeasts of the genus Candida were not found.

Examinees
Variables - - - Comparison between groups
with CIN (I) | with Ca (Il) | without CIN and Ca (III)
A 43.95 50.28 41.97
SD 9.27 9.17 10.89 I vs II: p-value = 0.019
Min 26.00 31.00 23.00 II vs II: p-value = 0.007
Max 63.00 63.00 63.00

A: arithmetic mean, SD: standard deviation;, Min: minimal value; Max: maximal value; CIN: cervical intraepithelial neo-

plasia; Ca: invasive cervical cancer

Table 2. Association between bacterial vaginosis and CIN

Examinees
BV - - - Comparison between groups
with CIN (I) | with Ca (II) | without CIN and Ca (I1I)

18 13 3

BV t no. (%

presentno- (%)) 3.9%) | (44.8%) (10.0%) L'vs III: p-value = 0.003
23 16 27 Il vs III: p-value = 0.003
[4)
BVabsentno. (%) | 56100y | (55.20) (90.0%)

CIN: cervical intraepithelial neoplasia; Ca: invasive cervical cancer; BV: bacterial vaginosis

Table 3. Association between other bacteria and CIN

Examinees
Findings - - - Comparison between groups
with CIN (I) | with Ca (II) | without CIN and Ca (III)
Chlamydia 24 9 . _
trachomatis | (58.5%) (30.0%) [vs III: p-value = 0.029
Mycoplasma 6 4 3 s
hominis (14.6%) (13.8%) (10.0%) -
Ureaplasma 1 1 2 s
urealyticum (2.4%) (3.4%) (6.7%) -
Streptococus 6 6 5 s
agalactiae (14.6%) (20.7%) (16.7%) -
i . 5 3 3
Escherichia coli (12.2%) (103%) (10.0%) n.s.

CIN: cervical intraepithelial neoplasia; Ca: invasive cervical cancer; n.s.: statistically not significant difference
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Table 4. Association between Candida spp. and Trichomonas vaginalis and CIN

Examinees
Finding - - - Comparison between groups
with CIN | with Ca | without CIN and Ca
. 1 3
Candida spp. - (3.4%) (10.0%) n.s.
Trichomonas vaginalis 2 2 - n.s
(4.9%) (6.9%) -

CIN: cervical intraepithelial neoplasia; Ca: invasive cervical cancer, n.s.: statistically not significant difference

The frequencies of infection caused by the pro-
tozoa Trichomonas vaginalis did not differ signi-
ficantly between the groups (p >0.05) (Table 4).

Eight (53.3%) women had bacterial vaginosis
among 15 women with CIN 1; seven (50.0%) had
bacterial vaginosis among 14 women with CIN 2;
and three (25.0%) had bacterial vaginosis among
12 women with CIN 3. The incidence of bacterial
vaginosis did not differ significantly between the
groups with various severity of cervical dysplasia
(p >0.05) (Table 5).

Table 5. Association between bacterial vaginosis
and severity of CIN

BV
CIN BV present | BYV absent
no. (%) no. (%)
low-grade 8(53.3%) 7 (46.7%)
moderate-grade 7 (50.0%) 7 (50.0%)
high-grade 3 (25.0%) 9 (75.0%)
Comparison between
CIN 1, CIN 2 and n.s.
CIN 3

CIN: cervical intraepithelial neoplasia; BV: bacterial vagi-
nosis; n.s.: statistically not significant difference; CIN 1:
low grade CIN; CIN 2: moderate grade CIN; CIN 3: high

grade CIN

The assessment of association between bac-
terial vaginosis and other risk factors for the de-
velopment of precancerous changes in the cervix
was carried out by logistic regression analysis. It
was found that the risk of the development of pre-
cancerous changes in the cervix was 7.04 (1.84
to 26.95) times higher in women with bacterial
vaginosis than in women without BV (p=0.004).
Univariate logistic regression analysis confirmed
that BV is statistically significant predictor of pre-
cancerous changes of the cervix (Table 6).
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Table 6. Assessment of association between bac-
terial vaginosis and CIN

Microbiological OR Limits of 95% CI p
results The upper | The lower | Value
BVpresent |[7.040| 1.838 26.955 10.004
BV absent 0.142| 0.037 0.544 |0.004

CIN: cervical intraepithelial neoplasia; OR: odds ratio; CI:

confidence interval; BV: bacterial vaginosis

Univariate logistic regression analysis revealed
also a significant relationship between the develo-
pment of precancerous changes in the cervix and
other possible factors such as the following: the
presence of Chlamydia trachomatis, a positive fa-
mily history of cancer, irregular visits to gynecolo-
gist, having six or more than six sexual partners in
patient’s lifetimes, having sex seven and more times
per week, being 26 or older at the first childbirth,
the use of contraceptive pills, having a low educa-
tional level, and smoking 11-20 cigarettes per day.

Multivariate analysis identified the four risk
factors which significantly influence the develo-
pment of precancerous changes in the cervix: bac-
terial vaginosis, irregular visits to gynecologist,
use of contraceptive pills and having low educa-
tion level (Table 7). The final multivariate logistic
regression model showed that, if the other risk fac-
tors that contribute to development of CIN can be
controlled, BV increases the risk for development
of precancerous changes in the cervix about 8.36
times (1.89 to 37.04).

The model that includes as independent variables
the listed risk factors and the regression constant
explains the change of risk for development of CIN
in our sample by 49.2% (The model was assessed
by coefficient of determination, R2 = 0.492).

The frequencies of irregular visists to gyneco-
logist, use of contraceptive pills and having low
education level did not differ significantly among
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Table 7. Assessment of impact of BV and other risk factors on CIN development

Limits of 95% CI
Risk factors OR Test and p-value
The upper The lower
BV 8.360 1.887 37.042 0.005
Irregular visits to gynecologist 3.380 1.032 12.256 0.048
Using oral contraceptives 19.476 2.048 185.242 0.010
Low level of education 11.089 1.181 104.100 0.035
The regression constant 0.205 0.004

CIN: cervical intraepithelial neoplasia; OR: odds ratio; CI: confidence interval; BV: bacterial vaginosis

the groups in women with BV (p >0.05). The
compared frequencies of the listed factors among
women with bacterial vaginosis and without it did
not significantly differ in study groups. This result
showed that irregular visists to gynecologist, use
of contraceptive pills and low education level in-
fluence the development of precancerous changes
in the cervix apart from bacterial vaginosis.

Discussion

In 1863, the great pathologist Rudolf Virchow
formulated the hypothesis that transformation of
cells occures areas affected with chronic infec-
tion. He explained this as a consequence of tissue
injury, inflammation and increased cell prolifera-
tion during chronic infection [19, 20]. Schwebke
et al. in their study by univariate analysis pointed
out a significant linkage between BV and cervici-
tis and between the use of metronidazole gel and
resolution of cervicitis [21]. Plasma cell endome-
tritis in women with symptomatic bacterial vagi-
nosis is very common, and it is not associated with
vaginal and cervical infections by other bacteria.
These results suggest a possible link between BV
and non-chlamydial and non-gonococcal infec-
tion of the upper genital tract in women [22]. BV
causes cervical inflammatory epithelial changes,
and cervical chronic inflammation in women with
BV could be considered as a possible mechanism
that causes potentially malignant cellular changes
anywhere on the cervix [11, 12, 14]. By univari-
ate analysis, Lehtovirt et al. revealed that BV was
significantly associated with increased risk of de-
veloping CIN [9].

In our study, bacterial vaginosis was found in
18 (43.9%) women with CIN and in 13 (44.8%)
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with invasive cervical cancer, which in both cases
was statistically significantly higher compared to
the group of examinees without precancerous and
cancerous changes of cervical biopsy specimen, in
which bacterial vaginosis was confirmed only in 3
(10.0%) cases (p = 0.003). The risk for develop-
ment of CIN was 7.04 (1.84 to 26.95) times higher
in women with bacterial vaginosis than in women
without BV (p = 0.004). Univariate logistic regre-
ssion analysis showed that BV is a statistically sig-
nificant predictor for the precancerous changes in
the cervix. The model for a multivariate regressi-
on separated BV as cofactor that increases the risk
for development of precancerous changes in the
cervix about 8.36 times (1.89 to 37.04) and three
other factors as factors that significantly influence
the development of CIN.

Our results are quite compatible with the results
of Clomp et al. who found a correlation between
cytologically diagnosed G.vaginalis infection and
CIN [23]. They collected data from 800,498 Dutch
asymptomatic women, participating in the Dutch na-
tional screening program. Clomp et al. showed that
the prevalence of (pre) cancerous changes of cytolo-
gically diagnosed G.vaginalis infection was 0.6 per
thousand women. The risk of (pre)cancerous chan-
ges was significantly higher in women with cyto-
logically diagnosed G.vaginalis infection than in
women with normal vaginal flora (Odds ratio (OR),
10.3, 95% confidence interval, 6.6 to 16.1).

Uthayakumar et al. found in their retrospective
study performed in England that women with BV
were at increased risk of CIN [24]. Diagnosis of
bacterial vaginosis was based on the presence of
the “clue cells” in the direct Gram stain preparati-
on of vaginal fluid taken from the upper part of the
vagina, positive amine test, pH over 4.5, presence
of characteristics vaginal discharge. Our results
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are also consistent with the findings of Nam et al.
who found that the incidence of CIN was signifi-
cantly higher in the BV-present group (p = 0.043),
however, no statistically significant relationship
between BV and CIN was demonstrated by multi-
variate analysis (p=0.081) [25].

A retrospective, longitudinal, cohort study was
performed as a part of the Dutch Cervical Scree-
ning Program, involving the population of 100,605
women, each of whom had 2 smears taken over a
period of 12 years [26]. The dysbacteriotic cohort
was significantly more likely to have low-grade
squamous intraepithelial lesions (LSIL) and high-
grade squamous intraepithelial lesions (HSIL) in
their follow-up smear (OR, 1.85; 95% confidence
interval [95% ClI], 1.28-2.67 and OR, 2.00; 95% ClI,
1.31-3.05, respectively) compared to women in the
control group. The results obtained in this study are
consistent with our results. In addition, Schiff et al.
found similar results to ours: an association between
the presence of the "clue cells" in vaginal wet mount
and precancerous changes of the cervix [27].

We found the negative correlation between
bacterial vaginosis and degree of cervical dyspla-
sia in our study. Of 15 women with 8 (53.3%)
had bacterial vaginosis and CIN 1, of 14 women
7 (50.0%) had BV and CIN 2, and of 12 women
3 (25, 0%)had BV and CIN 3. Nam et al. [25]. in
their study found no correlation between BV and
severity of precancerous changes of the cervix;
this result is consistent with our results. Peters et
al. also found in their work that BV has no effect
on the severity of CIN, or on the mitotic index in
cervical intraepithelial neoplasia [28]. Neuer et al.
also did not find statistically significant difference
between bacterial vaginosis and the grade of cer-
vical dysplasia in their study [29].

Zbroch et al. found in their study that CIN 1
is more common in women with BV and in wo-
men with Chlamydia trachomatis infection than in
women without these infections [30]. Discacciati
et al. found that BV was similarly present among
women of both their study groups: in 18% of wo-
men with SIL and in 12% of women without SIL.
Their results were also similar when the grade of
SIL was taken into consideration. BV was detec-
ted in 16% of women with low-grade SIL, and in
33% women with high-grade SIL when compared
to the controls (12%) [8].

2094

Platz-Christensen et al. investigated the relati-
onship between the presence of clue cells in Pa-
panicolaou-stained vaginal smears and CIN. They
examined a total of 6.150 specimens and discove-
red that any grade CIN was more common among
women with BV (p <0.001). The relative risk of
having CIN 3/carcinoma in situ was 5.0 for the
confidence interval in 95% of women with BV.
Their conclusion was that BV can be associated
with the development of CIN, ie. BV infection
may be an independent factor or cofactor for HPV
in the development of cervical precancerous chan-
ges [31]. However, not all scientists accept this
correlation as statistically significant.

Peters et al. did not reveal a significantly higher
prevalence of bacterial vaginosis in women with
dysplasia in the cervix [28]. Boyle et al. showed
that women with BV were not found to have CIN
more frequently than women with normal vaginal
flora, and the quantities of nitrosamines produced
by women with BV did not differ significantly from
women without BV [32]. Frege et al. found the
opposite conclusion to ours in their study. In their
investigation diagnosis of BV is based on four cri-
teria: presence of clue cells, pH 4.5, positive amine
test and increased vaginal discharge. The results of
their study demonstrated that there is no significant
correlation between CIN and BV (P <0.00005) [33].

Numerous studies were conducted to evaluate
the correlation between bacterial vaginosis and
CIN, however, their results were not consistent
because the methods of investigation varied from
study to study. Sensitivities and specificities vary
for different diagnostic tests for bacterial vagi-
nosis depending on several different diagnostic
criteria which must be taken into account when
comparing the results of various studies. Taking
into consideration that there are many risk factors,
it is necessary to examine all of them, especially
the infection with HPV. Our study has potential li-
mitations that must be considered in interpretation
of results: lack of validation of interview data; our
study did not involve the entire female populati-
on but only the patients referred to colposcopic
examination for sampling material for pathohisto-
logical examination; a limitation of this study is
also the small sample size. We reminded the study
subjects at several points in the interview about
the confidential nature of all data collected so as to
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increase the likelihood of accurate responses about
sexual behavior. We must bear in mind that the di-
agnosis of HPV infection has not been made. Ho-
wever, all mentioned limitations of this study lea-
ve room for further study, by using a larger sample
and tests with high sensitivity and specificity.

In conclusion, based on the obtained results, we
found that bacterial vaginosis was significantly
more frequent in women with CIN and in women
with invasive cervical cancer. We did not confirm
neither correlation between BV and the severity
of precancerous changes in the cervix, nor signifi-
cant effect of BV on development of precancerous
changes in the cervix apart from other confirmed
risk factors.
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