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Pesome: Llen: CpaBHuTENHO Npoy4YBaHe Ha PEHOTUMNHN METOAMN 3a AETEKUMS Ha NPoayLeH-
M Ha kapbaneHemasu, NPUINoXeHN BbPXY KMMHUYHK n3onatn K. pneumoniae, npo-
Oyumpalum kapbaneHemasu, NpeaBapuUTeNHO OXapakTepuapaHy Ype3 MoneKynsp-
HoreHeTn4HN meToaun. Matepuan n metogu: TectBaHM Gsixa oOwo 46 kapbane-
HeM-pe3ncTeHTHU n3onata K. pneumoniae, NpogyLeHTn Ha Tpu Tuna kapbaneHe-
masu: KPC-2 (n = 42), VIM-1 (n = 3) n OXA-48 (n = 1). YyBCTBMTENHOCTTA Ha 130-
natmte Kbm imipenem u meropenem Gele onpegeneHa 4pes  AMCKOBO-
OndysnMoHeH MeToA 1 Ype3 aBToMaTuampaHaTa cuctema Phoenix (BD), a pesynTta-
TUTe — WHTepnpeTvpaHn cnopeq npenopbkute Ha CLSI-2014. M3BbplueHn bsixa
cnegHute OEHOTUNHM TeCToBe 3a JOKas3BaHe Npoaykumsa Ha kapbaneHemasu: mo-
andmumpaH Tect Ha Hodge, gBonHoamckoB TecT 3a cuHeprabMm (OOTC) ¢ boronic
acid, dipicolinic acid n EDTA v guckoBe imipenem u meropenem, Kakto U KOMOUHM-
paH auckoB metog (KOM) ¢ auckose ertapenem/cloxacillin n imipenem/cloxacillin,
KaTto pesynTatute 6sixa UHTeprnpeTMpaHu cnopepd npenopbkute Ha CLSI-2014 un
EUCAST-2013. Pe3syntatm: MuHumanHaTta notuckalla koHueHtpaums (MIK) Ha
imipenem »n meropenem 3a TecTBaHWTe n3onatu Bapupalle mexay 4 mg/L n > 16
mg/L. TecTbT Ha Hodge Gelue nonoxuteneH Npu BCUYkU nsonatu. [BoiHoaMCKo-
BUTE TECTOBe 3a CUHeprM3bM ¢ boronic acid, dipicolonic acid n EDTA naeHTudpuum-
paxa Bcudku KPC-2 1 VIM-1 npogyueHTu, Ho ocTaHaxa HeratneHu 3a OXA-48 npo-
oyumpawmsa wam K. pneumoniae. MNpu HUTO eOyH OT M3onaTtuTe He ce yCTaHOoBU
yBenuyaBaHe Ha 30HaTa Ha 3aJpbXka Ha GakTepuanHust pactex ¢ > 4 mm OKoro
AavckoseTe ertapenem/cloxacillin n imipenem/cloxacillin B cpaBHeH\e CbC 30HUTE Ha
3agpbXxKa OKONO AMCKOBETE, HAaTOBapeHN camo C ertapenem v imipenem. 3aknto-
yeHue: MetoabT, 6asupaly ce Ha UHXMOMpaHe Ha kapbaneHem-xuaponuaupaLim
€eH3uMK OT creundcpuyeH umHxmbutop (OATC, KOM), e TodeH meToad 3a uaeH-
TUdmKauma Ha eHsumnTe oT kracose A 1 B, HO He u 3a knac D. B Tean cnydaun B
pyTVHHaTa npakTvka TpsibBa Aa ce pas3ymta Ha MoaudmumpaHust Tect Ha Hodge 3a
aetekumnst Ha OXA-48 npogyueHTute. KOMOMHMPaAHOTO NPUMNOXEHWE Ha TeCTBaHUTE
MeToaM B pyTMHHAaTa rabopaTopHa MpakTuka OcUrypsiBa HagexaHa AeTekuust Ha
nzonatu K. pneumoniae, npogyumpally pasnmyHu TUrnose kapabaneHemasu.
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Oblectives: To evaluate two phenotypic tests for detection of different types of
Klebsiella pneumoniae carbapenemases, previously characterized by molecu-
lar-genetic methods. Methods: A total of 46 carbapenem resistant K. pneumo-
niae clinical isolates, producers of 3 types of carbapeneases were tested: KPC-
2 (n = 42), VIM-1 (n = 3) and OXA-48 (n = 1). Susceptibility to imipenem and
meropenem was determined by disc-diffusion method and Phoenix authomated
system (BD). The results were interpreted according to current CLSI guidelines
(2014). We performed the following phenotypic methods for carbapenemase
detection: the modified Hodge test, the double disc synergy test (DDST) with
boronic acid, dipicolinic acid, EDTA and discs imipenem and meropenem, as
well as the combined-disc method (CDM) with discs ertapenem/cloxacillin and
imipenem/cloxacillin. The results were interpreted according to CLSI-2014 and
EUCAST-2013 guidelines. Results: MICs of imipenem and meropenem for the
tested isolates varied between 4 mg/L and > 16 mg/L. All isolates demonstrated
positive Hodge test. DDST with boronic acid, dipicolinic acid and EDTA identi-
fied all KPC-2 and VIM-1 producers, but not the single OXA-48 positive isolate
of K. pneumoniae. No synergy of ertapenem and imipenem with cloxacillin (> 5
mm) was observed in any of the tested isolates. Conclusion: The method ba-
sed on the inhibition of carbapenem-hydrolyzing enzymes by specific inhibitors
(DDST, CDM) is accurate method for identification of class A and B enzymes,
but not for class D enzymes. In these cases the modified Hodge test will ensure
the detection of OXA-48 producers. Combined application of the evaluated
methods in the diagnostic microbiological laboratory will provide reliable detec-
tion of K. pneumoniae isolates, producers of different types of carbapenemases.
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BbBEOEHUE
Klebsiella pneumoniae e cpen Haun-BaxHUTE 1

Te roavHN e Hamnuue TeHOEHUWS B eBPOMNencku u
cBeToBeH Mallab 3a nosiza 1 pas3npocTpaHeHue Ha

npobnemHu 3a nevyeHne BbTPEOONHMYHM NaTOreHwu,
0COBGEHO B WHTEH3UBHUTE OOMHUYHU CTPYKTYpWU.
MpunumHaBa Han-4ecTo MH(PeKLMM Ha pecnupaTop-
HUSI U YPUHAPHUSA TPaKT, MHAEKUMM HA KPBBTA, Ka-
To cnep Escherichia coli Ton e BTOpUAT Hanl-yect
NPUYMHUTEN Ha TO3U Tun uHgekuun. K. pneumo-
niae ce acounvpa CbLUO 1 C Bb3HUKBAHE Ha TPYOHO
KOHTponupyemu BbTpebonHnyHM enungemmmn. B no-
cnefHUTe JeceT rognHu To3um GakTepuaneH Bug ce
yTBbpXOaBa KaTO  MHOXECTBEHO-PE3UCTEHTEH,
NpUYMHABALY, TPYAHM 3a neveHne uHdekuun. MNpes
2013 r. genbT Ha uHBasMBHUTE m3onatn K. pneu-
moniae (OT KPbB W NNKBOP), NPOOYLIEHTN Ha LUMPO-
KocnekTbpHu OeTa-naktamasu (ESBLS), AeMOHCT-
pupawy MHOXeCTBEHa aHTMOMOTUYHA PE3UCTEHT-
HOCT, 3HAQUMTENHO HapacTBa, KaTO 3a HSKOW €BpPO-
nevickn ctpaHn (PymbHusa, Bbvnrapusa, [Mbpuwms,
JlatBua, Cnosakus, MNonwa) goctura HuMBa ot 50-
70% [8]. KapbaneHemHuTe aHTMGUOTMUM (imipe-
nem, meropenem, ertapenem) ca cpeacTBOTO Ha
n3bop 3a neyeHve Ha WMHMEKUUU, MPUYUHEHU OT
ESBL-npogyumpawm K. pneumoniae. B nocnegHum-

wamoBe K. pneumoniae, AeMOHCTpupalLy pesnc-
TEHTHOCT M KbM Tasu cTpaTernyecka aHTMbmMoTnyHa
rpyna. B ocHoBaTta Ha MexaHu3ma Ha pe3nUCTEeHT-
HOCT CTOM MPOAYKLUMATA Ha €H3UMW, XMOAPONU3n-
pawm kapbaneHemute (kapbaneHemasu). [loHac-
TOSILLLEM BBb3HMKBAHETO M PasnpoOCTPaHEHUETO Ha
kapbaneHeM-pe3ncTeHTHM eHTepobakTepuun, cpef
kouto 1 K. pneumonia, ce npuema kato 3annaxa 3a
obulecTBeHOTO 3apaBe. WVHdpekunnte, MpUYUHEHN
OT TakvMBa MUKpPOOPraHusMu, ce acoummpar CbC
3Ha4MTEeNnHa CMbPTHOCT — mexay 22% u 72% [3,
12], egHa OT MPUYMHUTE 3a KOETO € HeHaBpeMEeH-
HaTa unuM nunceawa edgeKkTMBHa aHTUbMoTU4Ha
Tepanus.

CBoeBpeMeHHaTa wuaeHTUdVKaumaTa Ha Kap-
GaneHeM-pe3nCTEHTHN, KapbaneHemasa-npoayLm-
pawwm K. pneumoniae, e oT ocobeHo BaXHO 3Haye-
HWe KaKTO 3a NpoBexJaHe Ha afleKBaTHO feyeHune,
Taka M 3a KOHTpona Ha BbTPebOonHWYHUTE UHDEK-
UMM N CBBbP3aHUTE C TOBa €NUAEMMUONIOrMYHU Npo-
yuBaHusi. 3a ngeHtTudmkaumara Ha Te3n MUKpPOoop-
raHMsMu onpefensiHeTo Ha MUHMManHata noTuc-
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Kawa koHueHTpaumsa (MIK) He e poctataTbyHO,
Tbh kaTto 4yecto MIK Ha kapbGaneHemuTe € B rpa-
HVYLUMTE Ha YyBCTBUTENHOCTTA. 3aToBa B MpaKkTukKa-
Ta ca BbBEAEHU HAKOMNKO (DEeHOTUMHWM MeToda 3a
AeTtekumsa Ha kapbaneHemasa-npogyumpalum eHTe-
pobaktepuu, Bkn. K. pneumoniae. Cpeg Tx ca Mo-
anduumpanuaT Tect Ha Hodge, M3nonasaHeTo Ha
XPOMOTFEHHM CPeaM U XMMUYHW BeLLIeCTBa, KOMTO ca
MHXMOMTOPK 3a pa3nuuHuUTe Knacose 6eTa-nakTta-
masun (kapbaneHemasn). B ToBa npoy4BaHe npenc-
TaBsMe pe3ynTtatuTe OT CPaBHUTENHOTO U3NUTBaHE
Ha OBa (PEHOTMMHM MeToAa, NPUIMOXKEHU BbPXY
nsonatu K. pneumoniae ¢ npeaBapuTenHo oxapak-
TepusnpaHn 4Ype3 MnonMMepasHOBEPMKHA peakuust
(PCR) u cekBeHupaHe kapbaneHemasu [1, 14]: mo-
aundmumpaH Tect Ha Hodge, 4BOMHOAMCKOB TECT 3a
cnHeprnabM ¢ boronic acid, dipicolinic acid, ethy-
lenediaminetetraacetic acid (EDTA) (3OTC) n kom-
H6uHupaH guckoB meTog c cloxacillin (KOM).

MATEPUWAN U METOAU

O6wwo 46 kapbaneHeM-pe3ncTeHTHU m3onata K.
pneumoniae, NpoayueHT! Ha Tpu Tuna kapbaneHe-
masu, 6sixa TectBaHu: KPC-2 (n = 42), VIM-1 (n = 3),
OXA-48 (n = 1) [1, 14]. UsonaTtute K. pneumoniae,
npoayueHT Ha KPC-2, egHoBpeMeHHO npoayuvpaxa
n CTX-M-15 ESBL; VIM-1 usonatute — KPC-2 u
TEM-1 Geta-naktamasa, a eauHCTBeHuAT OXA-48-
npogyumpawy, usonat K. pneumoniae — CTX-M-14
ESBL. lNMpoyyBaHuTe WwamoBe 6sixa M30nmpaHu noc-
neposarernHo B nepuoga mapt 2013-gexkemspu 2014
r. OT XOCMUTanu3npaHn naumeHTn B PasimyHn KIvHU-
kn Ha MBAJ1 "CB. MapuHa”, npeayMHO OT MHTEH3MBHU
N XUPYPrUYHM KNMHWKA. YyBCTBUTENHOCTTA KbM imi-
penem u meropenem Oelle onpeaeneHa ypes Auc-
KOBO-OMAPY3MOHHUS MEeTO 1 Ypes3 aBToMaTu3npaHaTa
cuctema Phoenix (BD), a pesyntatute — uHTepnpe-
TMpaHu cnoped npenopbkute Ha CLSI — 2014 [1, 5].
M3BbpLueHn Baxa cnegHute EeHOTUNHM TecToBe 3a
[JoKa3BaHe NpoayKumust Ha kapbaneHemasu: Moamdu-
umMpaH Tect Ha Hodge, 4BOMHOAMCKOB TECT 3a CUHEp-
rm3bM ¢ amckose boronic acid, dipicolinic acid, EDTA
W OuckoBe imipenem, meropenem, MNOCTaBEHW Ha
pa3CTosiHME 2 CM OT LIeHTbP A0 LEHTbP, KaKTO U KOM-
OuHMpaH guckoB MeToh C Aauckose ertapenem/clo-
xacillin, imipenem/cloxacillin n guckose, HaToBapeHn
camo c ertapenem u imipenem (Liofilchem s.r.l. —
Italy). Pesyntatute oT deHOTMNHMTE TecToBe Osixa
WHTepnpeTupaHn cnopepq npenopbkute Ha CLSI wn
EUCAST [5, 9, 16]. lNonoxutenHnat Tect Ha Hodge
6e nHTepnpeTupaH KaTo MHAUKATOP 3a NPOAYKUMS Ha
kapbaneHemasa; HanMuMeTo Ha CUHEPru3bM Mexay
boronic acid v imipenem/meropenem — kaTo nHAVKa-
TOp 3a MpoayKuMs Ha cepuH-3aBucuMa kapbaneHe-

masa (knac A, C), a cuHepruambT Mexay boronic acid
1 meropenem/imipenem, 3aegHO C yBENMYEHWE Ha
30HaTa Ha 3agpbXka OKONo AuckoBeTe  ertape-
nem/cloxacillin unn imipenem/cloxacilin = 5 mm B
CpaBHeHMe CbC 30HaTa OKOJO AUCKOBETE, HaToBape-
HM camo C ertapenem u imipenem — KaTo MHOUKaTop
3a AmpC xunepnpoaykums. CuHeprmsmbT Mexay imi-
penem/meropenem wu dipicolinic acid/EDTA 6e nHTep-
npeTvpaH KkaTto WHxubupaHe Ha MmeTano-kapba-
neHemasa.

PE3YNTATU

Mpy BCMYKM M3onaTn AMaMeTbpPbT Ha 30HaTa Ha
3agpbkka 3a imipenem u meropenem 6Gewe < 20
mm, a MIK Ha imipenem 1 meropenem Bapupalle
mexay 4 mg/L n > 16 mg/L. MogndunumpaHusT Tect
Ha Hodge Gelue nonoxuteneH Npu BCUYKN TECTBAHU
nsonatu (gwr. 1). [IBOMHOAMCKOBUTE TECTOBE 3a CU-
HeprnabM ¢ boronic acid u dipicolinic acid naeHTudw-
umpaxa Bemdkn KPC-2 (n = 42) un VIM-1 npogyueHTr
(n = 3), HO ocTaHaxa HeratuBHM 3a OXA-48 npopy-
ueHTa (cpur. 2 u 3). N Tpute n3onata K. pneumoniae,
npoayueHT Ha VIM-1, gemMoHcTpypaxa CUHEPru3bM
mexay imipenem/meropenem n EDTA, kaTto edekTbT
©e no-cnabo nposiBeH B cpaBHeHME C edbekTa Ha cu-
HeprnsbM, AeMoHcTpupaH c dipicolinic acid. MNpu HKUTO
eOVH OT U3NUTBaHWTE M30MaTn He ce YCTaHOBM Mo-
TeHUuMpaHe ¢ guckoseTe ertapenem/cloxacillin n imi-
penem/cloxacillin (yBenuyaBaHe Ha 30HaTa Ha 3af-
pbXKa ¢ > 4 mm) B CpaBHeHWe CbC 30HaTa Ha 3aj-
pBXKa OKOMO AUCKa, CbAbpXall, caMo ertapenem unm
imipenem.

®ur. 1. NMonoxuteneH Tect Ha Hodge: pactex Ha kapbane-
HEM-4YyBCTBUTENHUST MHAMKaTOpeH wam E. coli ATCC25922 B
obnacTTa Ha 3oHaTa Ha MHOKynauusi Ha u3nuTBaHus monat K.
pneumoniae, koeTo BoAu A0 Aedopmauuns Ha 3oHaTa Ha 3aj-
pbXKa OKOMo gucka imipenem
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®ur. 2. EcbekT Ha cMHepru3bLM Mexay AucKoBeTe imipenem
M meropenem W AUCK, HaToBapeH ¢ boronic acid (pa3sctos-
HUE OT LEHTBLP A0 LEHTbP 2 CM): CUHEPTNYHO paslunpsiBaHe
Ha 30HaTa Ha 3apbXka Ha GakTepuarnHus pacTex OKono Auc-
KOBETE imipenem 1 meropenem, npeaussunkaHo ot boronic acid
kaTo MHxnbutop Ha KPC-2 kapbaneHemasaTa, npogyumupaHa ot
n3nuTBaHus usonat K. pneumoniae

®ur. 3. EdbekT Ha cMHepru3bMm Mexay AuckoBeTe imipenem
M meropenem u guck, HatoBapeH c dipicolinic acid (pa3cTto-
SIHWe OT LIeHTBhP [0 LIeHThpP 2 CM): NPOCBETNIsSIBAHE Ha 30HaTa
(no-cnab wnu nuncealy, 6akTepuaneH pactex) Mexay AUCKoBe-
Te imipenem u meropenem u Aucka, HatoBapeH ¢ dipicolinic
acid, kato pesyntaT oT MHxubupawoTo gencteme Ha dipicolinic
acid Bbpxy VIM-1 kapbaneHemasara, npogyuupaHa oT TecTBa-
HusA n3onat K. pneumoniae

OBCBXOAHE

K. pneumoniae e BTOpPUAT No 4ecToTa Ha u30-
nvpaHe 6akTtepuaneH Bug OT KMMHUYHW MaTepuanm
B MBAJ1 "CB. MapuHa” — BapHa, B nepnoga 2012-
2014 r. n e cpeq NMbpBUTE ABa Han-4ecTun GakTepu-
anHW MPUYUHUTENS Ha CenTMYHU CbCTOSHMA 3a
cbwmsa nepmogd. MNMpes 2013-2014 r. genbT HA MHO-
XecTBeHopesncTeHTHUTe (ESBLS) MHBa3uMBHU U30-
natn K. pneumoniae gocturHa 81% (Henybnukysa-
HW aaHHKW). B HavyanoTto Ha 2012 r. 6sxa gokasaHu
U MbpBUTE KapbaneHem-pe3vcTeHTHU u3onatn K.
pneumoniae [15]. B nepuoga 2012-2014 r. oTHocu-
TEeNHUAT an Ha Te3u usonatu B GonHuuaTta Ha-
pacHa oT eauHUYHKU nsonatm npes 2012 r. 0o 9.2%
npe3 2014 r., kaTo B xoda Ha enuaemMuosiorMyHo
npoyyBaHe Oe gokaszaHO BbTPEOONHWYHO pasnpo-
CTpaHeHVne Ha kapbaneHeM-pe3ncTeHTeH KIoH K.
pneumoniae B HAKOMKO KMMHUKM Ha bonHuuata [1].

Han-yectnat mexaHmsbM, Meammpall, pe3ncTeH-
THoCTTa Ha K. pneumoniae kbM kapOaneHemHuTe
aHTMBMOTMUM imipenem 1 meropenem, € NPOAYKLUM-
siTa Ha eH3MMKM OT pa3nuyHu knacose (A, B, D). Knu-
HWYHO HaW-BaXKHUTe eH3MMK ¢ kapbaneHemasHa ak-
TmBHOCT OT knac A ca KPC ensumute (Klebsiella
Pneumoniae Carbapenemase) [19]. WaeHTuduum-
paHu ca npegumHo B n3onatu K. pneumoniae u ko-
OvpaT BUCOKO HUBO Ha PE3UCTEHTHOCT HE CaMO KbM
kapbaneHeMu, HO CbLIO W KbM MoBevyeTo OeTa-
nakTamu, BKIMHOUUTENHO LUMPOKOCMEKTbPHUTE Liedha-
nocnopuHu. Mbupeuatr KPC npoagyueHT e KPC-2
nzonat K. pneumoniae, gokasaH npe3 1996 r. B
CAL [27]. MoHacToswem KPC-2 npoayueHTute ca
pa3npocTpaHeHn B CBETOBeH Maliab u naeHtudu-
uMpaHu B MHOrO 4peBHM GakTepuanHui BuMOOBeE, HO
Haii-4yecTto B K. pneumoniae. Mopuusa, Utannsa, N3-
paen n ctpaHun ot JlatuHcka Amepuka (Konymbus,
ApXeHTMHa) ca eHaeMundHu pernoHmn 3a KPC-2 npo-
ayumpawm K. pneumoniae [19].

Han-BaxxHuTe cemencrtBa kapbaneHemasn oOT
knac B eHaumn (metano-6eta-nakramasn, MBLS),
noeHTnduumpaHn B cemencTtBo Enterobacteria-
ceae, ca IMP n VIM (Verona integron-encoded
MBLS) eH3nmuTe, 3aeHO C HAackopo nosisunara ce
NDM rpyna (New Delhi metallo beta lactamase).
bpuna e eHOeMUYeH perroH Mno OTHOLUEHME Ha
VIM-1 npogyumpawm Enterobacteriaceae, kato Ta-
3u kapbaneHemasa e pasnpocTpaHeHa kakTo B K.
pneumoniae, Taka U B ApyrM BMAOBE OT TOBa Cce-
mencteo (E. coli, C. freundii, M. morganii, Serratia
spp., K. oxytoca) [17, 24]. lNoHacTodwem egHa OT
KMMHWYHO HaW-3HauMMuTe kapbaneHemasu ce OTHa-
CA KbM TO3M KINac €H3UMW — HACcKopo oTKpuTaTa
NDM-1 B nsonatu K. pneumoniae u E. coli [20, 28].
Makuctan, NHousa v Wpu NaHka ce npuemar 3a pe-
3epBoapu Ha NDM npoayumpaiwim Enterobacteria-
ceae. bankaHckuAT pernoH, ApabckuaT nonyocTpos
n CeBepHa AdpuUKa CbLUO Ca BaXHWU U3TOUHWULM Ha
npoAdyLeHTU Ha To3n Tun kapbaneHemasa [19].

M3BecTHM oLLe KaTo okcauunuHasu, kapoaneHem-
xvgponuavpawmTe knac D 6Gera-nakramasu npute-
XaBaT cnaba kapbaneHemMasHa aKTMBHOCT W MO npa-
BWIIO HE Ce acoummpart C BUCOKO HMBO Ha PE3NCTEHT-
HOCT KbM kapbaneHemu. OkcauunuHasute c kapba-
nMeHemasHa akTMBHOCT Ca XxapakTepHu 3a Aci-
netobacter baumannii, Ho OXA-48 kapbaneHemasaTa
N HEVHWUTE OepuBaTh ca MAEHTUMULMPaAHM B M30naTu
OT ceMencTBO Enterobacteriaceae, BKkMo4MTENHO Ta-
KvMBa, nNpuunHsaBawM BbTpebonHuyHn envagemun (K.
pneumoniae, E. coli, E. cloacae) [6, 26]. Typuusa un
ctpaHu oT CeBepHa Adpuka ca rnmaBHM pe3epBoapu
Ha Tasu kapbaneHemasa, HO eH3VMbT € [IoKasaH U B
MHOrO €BPOMencKkn CTpanu [23].

KopekTHaTa 1 HaBpeMeHHa naeHTudmkaumnsa Ha
cneunpuyHUTE MexaHusMm Ha kapbaneHemHa pe-
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3ucTeHTHOCT cpen K. pneumoniae e oT 0coGeHo
BaXXHO 3HayeHWe 3a NpoBeX[aHe Ha ajekBaTHa
aHTMOMOTUYHA Tepanusl B criydanTe Ha UHGEKUUS C
TO3M MWKPOOPraHM3bM, KakTo M 3a npegnpuemaHe
Ha Gbp3N MEepKU 3a KOHTPOM C uen npefoTspats-
BaHe AMCEMMHaLMsATa Ha Te3n npobnemHu 3a Te-
panusa 6akTepun B 6GonHu4HaTa cpefa u CBbp3aHo-
TO C TOBa pas3BUTUE Ha BbTPEBOMHUYHN MHADEKLMN
n enugemun. ToBa npaBum HEOOXOOUMO MUKPOOMO-
norunyHata nabopatopusi a € B CbCTOsIHME OBbP30
Oa [okasBa npoaykumsita Ha — kapbaneHewm-
XUAPONU3MpaLy eH3nMn (kato OCHOBEH MeXaHu-
3bM Ha PE3UCTEHTHOCT) cpef NpeacTaBUTENUTE Ha
cemelrictBo Enterobacteriaceae n B 4acTHocT K.
pneumoniae. TpsbBa ga ce vma npegsua, Ye B
MHOro criyyau, koraTo kapbaneHemasaTa e npoay-
umpaHa camocTosiTenHo (6e3 koMOuHaums ¢ npo-
OyKUMSA Ha LuMpokocnekTbpHa 6eTa-nakramasa,
ESBL), MINK cTonHocTMTE MOraT ga ca MHOrO HUC-
KW, OOPWU B rpaHMUMTE Ha YyBCTBUTEMHOCTTA, OCO-
6eHo no OTHOLIEeHWe Ha imipenem u meropenem.
Hanunune Ha kapbaneHemasa mMoxe fa ce nofosu-
pa npu crtonHocty Ha MIK Hag 1 mg/L 3a
imipenem unu Hag 0.5 mg/L 3a ertapenem [20]. 3a
Joka3BaHeTo U ce M3nonseaTt pasnuyHu eHoTun-
HU 1 MOMeKynsipHOreHeTU4YHN MeToan. Moauduum-
paHuAT TecT Ha Hodge Hamupa LUMPOKO Npunoxe-
HMe KaTo (heHOTUMNEH TecT 3a AeTekuus Ha kapba-
neHemasHa akTMBHOCT B HepaspylleHaTa bakrepu-
anHa knetka. To3u TecT ce 6asmpa Ha MHaKTMBaLM-
sTa Ha kapbaneHemMHust aHTMBMOTUK (Mmeropenem,
ertapenem) oOT kapbaneHem-pe3nCTEeHTEH Liam,
KOeTo BOAM A0 MOTEeHUMpaHe Ha pacTexa Ha kap-
©aneHeM-4yBCTBUTENHNSA MHAMKATOPEH Wwam E. coli
B 61130cT 4O meropenem/ertapenem-cbabpKaLLms
OMCK MO XO[a Ha NMUHUSITA Ha MHOKyNaums Ha TecT-
BaHMA 3a kapbaneHemasHa npoaykums wam. [lo-
HacToswem CLSI npenopbyBa moaudumLmpaHms
TecT Ha Hodge kaTo meTop 3a AeTekuusi Ha kapba-
neHem-pesncteHTHM Enterobacteriaceae [5]. Pe-
3ynTaTtuTe OT NPOYyYBaHETO HU BbpXy 46 kapbane-
HeM-pe3ucTeHTHM m3onata K. pneumoniae nokas-
BaT, Ye TeCcTbT Ha Hodge e 4yyBCTBUTENEH METOA U
MOXe [a [okaxe kapbaneHemasHa akTUMBHOCT B
To3n GaktepuaneH Bua. Hawwute pesyntatm ca B
YHUCOH CbC cboOWeHoTo oT C. Seah u KonekTus,
KoMTO mpoy4yBaT 27 m3onarta K. pneumoniae ¢ pas-
NMYHM MexaHW3Mu Ha BeTa-nakrtamHa pPesvCTEeHT-
HocT [25]. B Hawara konekums ot n3onaTtu nuncear
TakmBa, KOUTo da npogyuupat camo ESBL wunn
AmpC 6eTa-naktamasu 1 ga uMmaT HamareHa npo-
HML@eMOCT Ha BbHLWHAaTa KneTbyHa MeMbpaHa,
KOMBUWHaLMA, 3a KOATO HAKOM aBTopu CbobLiaBar,
Yye ce acouumupa ¢ anMBONONOXUTENHN pe3yr-
TaTu nNpu MoauduumpaHmsa Tect Ha Hodge nopagu
cnabarta xugponusa Ha kapbaneHemMHus aHTUBKMo-

TUK OT LUMPOKOCNEKTbpHaTa beTa-nakramasa (cne-
unanHo CTX-M) mnn AmpC eHsuma [4, 21, 22].
[pyru aBTOpM ycTaHoBABAT hanmMBOOTpULIATENHN
pe3ynTatu ¢ Tecta Ha Hodge npu NDM-1-npoayum-
pawm Enterobacteriaceae [10, 25]. KaTto ce B3eme
nog BHMMaHue akTbT, Ye noHactosiem NDM-1
OeTa-naktamasata e cpef KIMHUYHO Han-3Ha4u-
MuUTe KapbaneHemasu, npoayuupaHu OT CEMENCTBO
Enterobacteriaceae (B 4actHocT K. pneumoniae u
E. coli), npy unsnonssaHeTto Ha mMoauuLmMpaHus
TecT Ha Hodge BuHaru TpsibBa fa ce umat npeasus
Te3n orpaHnyeHns Ha metoaa, ocobeHo B BOnHUY-
HU CTPYKTYypW C BuUcOka wunsonupyemoct Ha NDM
npogyueHTn. 3a HUcKa YyBCTBUTENHOCT Ha Hodge
Tecta npu MBL npogyuumpaium Enterobacteriaceae
cbobuwasaT D. Doyle 1 KONekTuB, KOUTO YCTAHOBS-
BaT 98% 1 93% 4yBCTBUTESTHOCT NpU AETEKUNA Ha
KPC 1 OXA-48 npogyueHTu, Ho easa 12% npu ge-
Tekumnsa Ha MBL npogyueHTw [7].

Mpe3 2013 r. EUCAST ny6nukyBa 1 npenopbysa
dEHOTUMHN KOMBMHUPaHW AUCKOBK MeToam ¢ boronic
acid, dipicolinic acid, EDTA u cloxacillin kato metogn
3a noTBbPXKAaBaHe Ha kapbaneHemMasHa aKTUBHOCT B
Enterobactericeae [9]. ®eHoTMnHaTa Qetekumsa Ha
meTarno-6eta-nakramasute (MBLS) (knac B eHavnmu)
ypes Te3n TectoBe ce 6a3npa Ha cneunUIHOTO UH-
XnbupaHe Ha Te3un eHaumm ot EDTA u dipicolinic acid.
B npaktukata Han-4ecTo ce m3nona3saT OBOMHOAMC-
KOBUMAT TecT 3a cuHeprnabvM (OOTC) n kombuHMpaHu-
at guckoB metog (KOM), B ocHoBaTa Ha KOUTO € cu-
HepruambT Mexay MBL MHXMOUTOpa M OKCUMMUWHO-
uedancrnopuH unm kapbaneHem, EMOHCTPUPaH Ype3
CMHEPrMYHO paslumpsiBaHe 30HaTa Ha 3agpbXka Ha
DakTepuanHus pactex (aedopmaumns Ha 3oHaTa) unm
yBenuyaBaHe Ha AuamMeTbpa 30HaTa Ha 3adpbXKa 3a
ancka aHTMbuoTuk (imipenem, meropenem, ertape-
nem), NOTEHUMpPaH C UHXMOWUTOP B CpPaBHEHWE C aH-
TMBMOTMKa camocToaTenHo. M ggata metoda ce oT-
nn4yaBaT C BMCOKa YyBCTBUTENHOCT, AOPY 3a U3onatu
C HWUCKO HMBO Ha PE3UCTEHTHOCT KbM kapbaneHemmu
[16]. MpenopbkaTa Ha ekcnepTn Ha EUCAST e pas-
nvkata = 5 mm B 30HOBUTE AMaMETPU MEXOY AMCKa
meropenem (10 mg) n gucka meropenem + EDTA
(0.25 M) pa ce uHTepnpeTMpa kaTo CbMHUTEMHa 3a
npogykumst Ha MBL [11]. AHanornyHo, peHoTUnHaTa
petekunst Ha KPC eHsumunTe (knac A) ce 6asvpa Ha
MHXxMbMpaLLmsa ecpekt Ha boronic acid n HelHuTe ae-
puBaTV BBbPXY TO3M TUN eHaumn. Kakto npu MBLS n
TyK MoraT [ja ce Mpunoxart [iBa BapuaHTa 3a JeTek-
unst — OOTC n KOM. Tean TectoBe ce XapaKTepusu-
paT C BMCOKa YyBCTBUTENHOCT Npu aetekumsa Ha KPC
npogyueHTn [13]. MoTeHumanHu npobnemn morat aa
ce NosBAT NpW 130MaTn C HamarneHa YyBCTBUTENHOCT
KbM KapbaneHemu, KOATO € CBbp3aHa C Xunepnpo-
aykumnst Ha AmpC GeTta-naktamasu (LedanocnopuHa-
31) 1 HamareHa NPOHULAEeMOCT Ha BbHLUHATa Memb-
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paHa. TpsibBa ga ce uma npeasud, Ye boronic acid
MOXE 3HauMTENHO Aa MHxMbupa AMpC eHanmuTe [2],
nopaau ToBa €AHOBPEMEHHOTO M3MON3BaHe Ha AMCK
boronic acid n gnck cloxacillin, kato nocnegHWaT npe-
UMYyLLIECTBEHO LLe uHxubupa LedanocnopuHasure, e
nonesHo 3a AudepeHuMpaHe Ha ABaTa Tuna kapba-
neHemasn. B HactoswoTto npoyusaHe OOTC c
boronic acid, dipicolinic acid n EDTA n kombuHupaHu-
AT anckos TecT ¢ cloxacillin gokaszaxa kapbaneHemas-
Ha aKTMBHOCT B MPOYYBaHUTE M30MaTh: NPOAyKLMS Ha
KPC 1 MBL (VIM-1), kaTo eheKTbT Ha CUHEPrM3bM
Oelle egHaKkBO MPOsIBEH M C imipenem, U C Mero-
penem u B ABaTta Buaa npogyueHTu. HeratuBHusaT
KOoMOUWHMpaH TecT ¢ cloxacillin noTebpay nuncarta Ha
AmpC NpoayKumMs N KOPEKTHO MAEHTUdMLMPA n3ona-
TUTE, KOUTO NpoayLmpaxa kapbaneHemasa oT krnac A
(KPC-2).

B konekumsata ot TecTBaHu m3onatu K. pneu-
moniae Tpu npoayumpaxa egHoBpemeHHo KPC-2 u
VIM-1 «kapbaneHemasn, KaTto AeMOHCTpupaxa
edeKkT Ha CUHeprns3bM egHoBpeMeHHO ¢ boronic
acid n dipicolinic acid/EDTA. lNMosiBata Ha n3onatu
K. pneumoniae, KonpoayLeHTU eQHOBPEMEHHO Ha
KPC u MBL eH3uMu, e foKkasaHa B peavua abpxa-
By (Fepmanug, Utanua, Mepums) [13]. Oetekumata
Ha TakuBa mM3onatu Moxe Aa Obae 3aTpyaHsaBaLLa,
Tbi KaTo MpW U3MNON3BaHETO HA UHXMOUTOPHU Tec-
TOBE CaMO C eauH UHXMBUTOp TecToBeTe MoraT aa
ce oTyeTaT KaTo arnmMBo oTpULATENHN 3a egHaTa
wnn n 3a gsete kapbaneHemasn [18]. EUCAST
npenopbyBa M3MOM3BaHETO Ha [OUCKOBE merope-
nem, HaTOBapeH eJHOBPEMEHHO C ABaTa UHXMOU-
Topa (EDTA/dipicolinic acid wn phenylboronic
acid/aminophenylboronic acid) 3a pokasaHe Ha
nsonatu, npogyuupaliM egHoBpeMeHHO kapbane-
Hema3sn oT krnac A n B [9].

Mopagn nuncaTta Ha cneunduydeH MHXMBUTOP
3a knac D kapbaneHemasu, U3MNon3BaHNTe AUCKOBU
MEeTOAM He ycnsxa Aa MAeHTUdUUMpaT eguHCTBe-
Hu1s nsonat K. pneumoniae, npogyueHT Ha OXA-48
kapbaneHemasa. Cnopeg  npenopbkiTe  Ha
EUCAST, wuHgukaTopeH aHTMbuoTtmk 3a OXA-48
npoagykums moxe aa 6bvae temocillin u no-cneumnan-
HO BUCOKOTO HMBO Ha pe3ncTeHocT KbM temocillin
(MK > 32 mg/L) unu 30Ha Ha 3agpbxka < 11 mm.
OXA-48 npogyLeHTUTe LEMOHCTPUpPAT MHOrO BU-
cokn MIK 3a TO3n aHTMOMOTUK, KOETo TpsibBa Aa
ce B3eMe Mnof BHUMaHWe npu oTCbCTBME HA CUHEp-
M3bM CbC CneunduiHMTE NHXNMOUTOPK 3a Knac A 1
knac B kapbaneHemasn. To3n mapkep He e cneum-
dunyeH 3a OXA-48 kapbaneHemasa, Tbh KaTo U
OpYrM MexaHusMuM Ha pPes3UCTEeHTHOCT MoraT fAa
00ycnoBaT TakbB PeHOTUN Ha pe3ncTeHTHOoCT. Mo-
paau nunca Ha cneunduyeH MHxnbutop 3a knac D
kapbaneHemasn (OXA-48) B pyTvHHaTa MpakTuka
TpsbBa ga ce pasynTa Ham-Beye Ha moauduumpa-

HMs Hodge TecT, KOWTO LWe naeHtudpurumpa mnsona-
TU—NPOAYLEHTN HA TO3M TUM EH3UMMU, KAKTO € B KOH-
KpeTHWs cnyyan. Bnocneactene pesyntaTwT TpsioBa
[a ce NoTBbpAM Ype3 MOMEKYNAPHOrEHETUYHN Me-
Togn (PCR, cekBeHupaHe), KOMTO ca HagexaHuTe
MeToaou 3a JdeTekumss Ha ulonatu oT Enterobac-
teriaceae, cycnekTHM 3a TakaBa NpPoayKLuS.

3AKINIOYEHUE

PeHOTUNHUAT MeToa, Oasupaly, ce Ha MHXMOU-
paHe Ha kapbaneHem-xuaponuavpaiLmsi eH3uMm oT
cneunduyeH NHXMbUTop, e ToYeH MeTon 3a VAEH-
TMdMKauua Ha eH3mmuTte oT knac A n B, HO He u
knac D (nopagu nuncata Ha cneumpuyeH UHxnbum-
Top). B Te3n cnyyam B pyTuHHaTa npakTuka Moxe
na 6baoe wsnon3eaH MOAUMUUMPAHUAT TecT Ha
Hodge 3a getekumsa Ha OXA-48 npogyueHtn. de-
HoTunNHUTE MeToamn (Hodge Ttect, OOTC, KOM) 3a
petekuma Ha kapbaneHemasHa akTMBHOCT cpef
pam-oTpuuatenHute Gaktepun ca ocobeHo noa-
XOOSLWM 32 NPUMOXeHMe B KMMHMYHATa MUKPOOKMo-
nornyHa nabopaTopus nopaau fecHOTO TEXHUYeC-
KO M3MbITHEHNE U CXOACTBOTO C LUMPOKO U3Mon3Ba-
HUTe B NpakTMkaTa MeToau 3a geTekumsa Ha ESBLSs.
KomMOMHMpaHOTO npunaraHe B pyTMHHATa npakTuka
Ha MoamduumnpaHmsa Tect Ha Hodge n doeHoTUNHK-
Te meToau, 6asnpaHn Ha cneunduyHoO NHXMBMpaHe
Ha €eH3UMWUTE, € HeckbMa MeToAaMKa M ocurypsisa
OTHOCUTENHO Obp3a geTekumss Ha wusonatute K.
pneumoniae, NnpoayLeHTN Ha kapbaneHemasu, NpsK
pe3yntart, OT KOeTO € nogobpeH KOHTPOM BBbPXY
Bb3HMKBAHETO W pPas3nNpPOCTPaHEHMETO Ha BbTpe-
OONMHUYHUTE WHEKLUUN, NMPUYUHEHN OT TE3U MUK-
poopraHn3aMmu. 3a NoTBbpXOaBaHe Ha pesynTtaTute
OT (DeHOTUMHUTE TECTOBE M 3a TOYHaTa MAeHTUK-
Kauus Ha reHuTe, KogupalliM CbOTBETHUTE kapba-
neHemMasu ce WM3Non3BaT MOMNEKYNAPHOreHETUYHM
TexHukn (PCR, Realtime PCR, xmbpuamnsaumoHHN
TEXHWUKW, CEKBEHUpaHe), KOMTO ce npwunaraT Haun-
Beye B pedepeHTHUTE M HayyHu nabopaTopuu.
BescnopHu npeaMmMmcTBaTa ca 6Gbp3vHaTa U OTnnY-
HaTa 4yBCTBUTENHOCT U CNEUMEUYHOCT Ha Tesun
MeToau.
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