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Iexnb ucciaeoBanusi — OLEHUTH BOSMOKHOCTD YIIPABJIEHHs YPOBHEM aHTHOMOTHKOPE3UCTEHTHOCTHU U TIOTPED-
JIeHHeM aHTUMUKPOOHBIX TIPEMAPATOB B CTAIOHAPE HA OCHOBE aHAIN3A HHIEKCA JIEKAPCTBEHHOM YCTONYNBOCTL.

Marepuaibsl 1 MeToibl. B MHOTOIIPO(UIBHOM XUPYPTUUECKOM CTAIMOHAPE HA OCHOBAHUH €JIMHOTO PeecTpa
MUKPOOPraHM3MOB, BKJIIOUAIOLIEro B cebst AaHHbie 0 25581 mramMe, TOJMyYeHHOM OT MAIMEHTOB ¢ HH(EKIel B
OT/IEJICHUSIX PEAHUMATOJIOTUY U TPOMUIIbHBIX OT/IEIEHUSIX, BHEPEHA CUCTEMA IVIAHUPOBAHUS OTPeOJIEHSI aHTU -
6UOTHKOB, pa3pabOTaHbl IIPOTOKOJIbI IMITUPUIECKON aHTUMUKPOOHOIT Teparuu (AMT). B ocHOBY cucTembl mosio-
JKeH aBTOMATHU3UPOBAHHBIN PacyeT MHIEKCA JEKAPCTBEHHON YCTONYNBOCTH HO30KOMHUAIBHBIX MUKPOOPIaHU3MOB.
BelmosrHeHO cpaBHEHME JIAHHBIX, TIOJYYeHHBIX B cJe/yolie neproas: 2012 ro — npenHTepBEHIIMOHHBIN TIepH-
o, 2014 u 2015 rox — UHTEPBEHIIMOHHBIN TEPHO.

Pesyabrarsl. JlocTUrHYTO CHIZKEHNE WH/IEKCA JIEKAPCTBEHHOI ycToitunBoctn Pseudomonas aeruginosa c 0,721
B 2012 roxy 1o 0,596 B 2015 roxny, Acinetobacter baumannii ¢ 0,96 B 2012 roxy 1o 0,889 B 2015 roxy, Klebsiella pneu-
moniae ¢ 0,728 B 2012 roxy o 0,595 B 2015 roxy 3a cueT yMeHbIUIEHUSA aHTUOMOTUKOPE3UCTEHTHOCTH, COKpalile-
Hus norpebienus nedanocnoputos [II—IV nokoseHus 1 aHTHCUHETHOWHBIX KapOalleHEMOB, a TaKKe yBeJude-
HUS TIPUMEHEHUS dpTareHeMa JJis JedeHrs nHbekimii, BosBanubix Klebsiella pneumoniae. Tlpousotiena poct
UHJEKca JIeKapCTBeHHOU yeroituusoctu Escherichia coli ¢ 0,325 B 2012 roxy n0 0,382 8 2015 roy, 4To CBS3aHO ¢
yBeJInueHneM oTpebieHrs 3alUIeHHBIX TIEHUIINHOB 1 11e(haJociopuHOB | IIOKOIeHUsT, IPUMEHSIEMBIX JIJIS
AHTUOMOTUKONPOMUIAKTUKY B aOJOMUHAIBHON XUPYPIUU U YPOJIOTUH, U BO3PACTAHUEM PE3UCTEHTHOCTU BO30Y-
JIATEJIS] K YKa3aHHBIM IPYIIaM aHTUOHOTUKOB.

3akmouenne. QopmMIpoBaiie eMHOTO PEECTPA MIKPOOPTaHI3MOB JIEYeOHOTO YUPEKIEHS], & TAKIKE HCITOJIb-
30BaHKe TAKUX HHCTPYMEHTOB MaTEMATHYECKOTO MOJIEIMPOBAHKS YPOBHS PE3UCTEHTHOCTU BO30YIUTE e, KaK WH-
JIEKC JIEKAPCTBEHHON YCTONUMBOCTH, [O3BOJISIET CBOEBPEMEHHO KOHTPOJIMPOBATh U3MEHEHSI aHTUOMOTUKOPE3UC-
TEHTHOCTU HO30KOMHMAJIBHBIX MUKPOOPTaHM3MOB B OT/EJICHUSAX PEAHUMATOJOTHU U APYTUX TPOGMUIbHBIX
OT/IEJIEHUSIX CTAIIMOHAPA U HA OCHOBAHUU TUX [JAHHBIX YIPABJISATH IIPOIECCOM HA3HAYEHWS] aHTUOMOTUKOB.

Kniouesvte cnosa: peecmp Mukpoopzanusmos; uHOeKc 1eKapcmeenoll Ycmouuueocmu; KOHmpoib U NiaHUPOsa-
Hue aHMUMUKPOOHOT Mepanuu; AaHmubUOMuUKope3UCmenmmuocmy

The purpose of the study is to assess the possibility of managing the antibiotic resistance level and consump-
tion of antimicrobial agents in a hospital based on the analysis of the drug resistance index.

Material and methods. The antibiotic consumption planning system was employed at the multidiscipli-
nary surgical hospital based on the unified Registry of microorganisms (ROM). ROM included data on 25.581
strains obtained from patients with infections admitted to the intensive care units (ICU) and specialized
departments. Protocols of empiric antimicrobial therapy and perioperative antibiotic prevention were devel-
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oped. The ROM-based system allowed automated calculation of drug resistance indices for nosocomial microor-
ganisms. Data obtained during the pre-intervention period (2012) and intervention period, (2014—2015) were
compared.

Results. Decreases in the drug resistance indices for Pseudomonas aeruginosa from 0.721 in 2012 to 0.596 in
2015, Acinetobacter baumannii from 0.96 in 2012 to 0.889 in 2015, Klebsiella pneumoniae from 0.728 in 2012 to 0.595
in 2015 were achieved due to reduction of antimicrobial resistance, reduced consumption of III—IV generation
cephalosporins and antipseudomonal carbapenems, and more frequent use of ertapenem for treatment of infections
caused by Klebsiella pneumoniae. There was an increase in the drug resistance index of Escherichia coli from 0.325 in
2012 to 0.382 in 2015 due to increased consumption of protected penicillins and first generation cephalosporins for
prevention in abdominal surgery and urology and increased pathogen resistance to these antibiotics.

Conclusion. A development of a unified hospital ROM and application of the drug resistance index for math-
ematical modeling of the pathogens resistance level allows to perform timely monitoring of changes in antibiotic
resistance of nosocomial microorganisms in ICU setting and other hospital departments and proper managing e the
antibiotics prescription.

Key words: register of microorganisms; drug resistance index; monitoring and planning of antimicrobial therapy;
antimicrobial resistance
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BBenenne

[Tporpecc nHGOPMAIMOHHBIX, TEJTEKOMMYHHU-
KAIlMOHHBIX W MEAMIIMHCKUX TEXHOJOTUN OKasal
CyIeCTBEHHOE BJIUsSHUE Ha Pa3BUTUE COBPEMEH-
HBIX HAINPaBJEHUN OPTaHU3AINU OKa3aHUS MeJU-
nnHckoi momomnu [1]. IIpumeHenne HOBBIX WH-
(bopMaITMOHHBIX TEXHOJIOTHI B MEIUIIMHE CBI3aHO
¢ yJIydlIeHueM KauecTBa MeIUITUHCKOH TTOMOTIU U
IOBBIIIEHNEM €€ 9KOHOMUYECKOH 2 (heKTUBHOCTH
[2—4]. Opnum u3 BapuanToB UHGOPMALMOHHOTO
obecrieyeHNs] B MEIUIMHE SIBJSETCS CO3JaHUe
enHbIX (a3 JAaHHBIX, PEryJSIPHBIA aHAJIU3 KOTO-
PBIX 1M03BOJIsIeT 3P (HEKTUBHO YIPABJIATH Jeuel-
HbIM TIpotteccoM. MopmupoBaHue Takol 6asbl gaH-
upix (peectp wmukpoopranusmoB) B OIBY
«HanmonanpHBINT MeIMKO-XUPYPTUUECKUN TIEHTP
um. H. . I[luporosa» Munsapasa Poccuu (masee
— IlenTtp) cTamo OCHOBOU JsT TPOEKTHUPOBAHUS
CHCTEeMbl KOHTPOJISI 32 HasHaYeHWEeM aHTHOHOTH-
KOB M CO3/IaHUs MPOTOKOJOB ammupuieckoirt AMT
(nanee — IIpoTokossr). B ycinoBusax yBeandeHus
4acTOThl MHPEKIIMOHHBIX OCI0XKHeHn |5, 6] u mo-
BCEMECTHOTO POCTa aHTUOUOTHKOPE3UCTEHTHOCTH
OHMITMPUUYECKOE HazHAUYeHHEe aHTUMUKPOOHBIX Ipe-
napatoB (AMII) cranoBuTcst Bce 6Gosiee CIOKHON
3a/1aueil 11T MPaKTUKYIONUX Bpavyel, T03TOMY OcC-
HOBHOI 1es1b10 co3manus [Iporokoios 66110 GHop-
MUPOBAaHUE €JIUHOTO AJTOPUTMA TPUHSTUS pelire-
HUS O Ha3HAuYeHUU ajiekBaTHOU crtapToBoii AMT,
Tak Kak oT 3((hEKTUBHOCTU TOCJHEIHEN 3aBUCUT
ucxo JedeHust OoNbHBIX uHpeknuein [7—14].
Oxaszasnocs, uto BHegpeHue [IpoTokos0B TO3UTHB-
HO MOBJIUAJIO Ha (papMaKOIKOHOMUYECKUe 1ToKa3a-
TEJIW U KauyecTBO JieueHUust OOJbHBIX UH(DEKIei B
entpe [15, 16]. Leaio maHHorOo WCCIETOBAHUS
OBLIT aHAJIM3 MH/EKCa JTeKapCTBEHHON YCTONYNBOC-
™™, Kak kputepus apdexrnsaoctn AMT n nHeT-
PyMeHTa yrpaBJieHus aHTHOMOTHKOPE3UCTEHTHOC
THIO B CTAI[MOHAPE.

Introduction

The progress of information, telecommunica-
tion, and medical technologies has had a significant
impact on the development of modern trends in med-
ical care [1]. The use of new information technolo-
gies in medicine is associated with improved quality
of medical care and its increased cost-effectiveness
[2—4]. Development of unified databases is one of
options of the informational support in medicine,
and their regular analysis permits managing the ther-
apeutic process. Generation of a database, the
Registry of Microorganisms (ROM), at N.I. Pirogov
National Medical Surgical Center, Ministry of
Health of Russia (hereinafter referred to as the
Center) became the basis for designing the antibi-
otics prescription monitoring system and developing
protocols for empiric antimicrobial therapy (AMT
(hereinafter referred to as the Protocols). Since the
frequece of the infectious complications has become
increased [5, 6] and the antibiotic resistance has
become widespread, empirical prescription of antimi-
crobial agents is a challenge for practitioners.
Therefore, the main purpose of the Protocols was to
create a unified algorithm of decision-making on the
appointment of an adequate initial AMT, since treat-
ment outcomes of patients with infection significant-
ly depend on AMT effectiveness [7—14].
Implementation of the Protocols proved to improve
pharmacoeconomic parameters and the quality of
care for patients with infection at the Center [15,
16]. The purpose of this study was to analyze the
drug resistance index (DRI) as a criterion of AMT
efficacy and antibiotic resistance management tool
in a hospital.

Materials and Methods

A single-center observational study was conducted in
a 600-bed multidisciplinary surgical hospital. The unified
ROM was developed. The ROM included data on 25,581
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Marepuan u MeTO/bI

OpHOIIEHTPOBOE 0OCEPBAIIMOHHOE UCCIIE[OBAHUE ITPO-
Besin B 600-koeuHOM MHOTOTIPOPUIBLHOM XUPYPrHUYECKOM
craronape. Co3auyn eMHBIN peecTp MIKPOOPTaHI3MOB,
BKJIIOYAIONIHNiT B cebst anubie 0 25581 mramme, MosydeH-
HBIE IIPH MOCEBAX M3 PA3JIMYHBIX 0Y4aroB MH(MEKIUU Y Ta-
IIUEHTOB, TPOXOAUBIINX JIeYeHNE B PEAHUMATOJOTTIECKUX
u npodubabIX oTnenenusax llentpa B mepuoxn ¢ 2011 mo
2015 Tompl.

Ha ocHoBe peecTpa MUKPOOPTaHU3MOB TIOCTIE aHAIN3A
YPOBHsI MUKPOOHOiT pesucreHTHOCTH B LleHTpe cospanu
IIpoTrokosbl ajist unbeKIUil Pa3audHONl JOKATU3AIIH.
Crangaprabiii [IpoTokos BkitouaeT B cebst JOMUHHUPYIO-
IyI0 MUKPOOUOTY IPH ONpeAeJieHHON WH(EKIMT U cTe-
[EHb ee YCTOYUBOCTH K aHTUOHOTHKAM, OI[EHKY (haKTOpOB
PUCKA HAMUKS PE3UCTEHTHBIX BO30YyAUTEIell y nalerTa
M, B 3aBMCUMOCTH OT HaJn4us TakuX (haKTOPOB PHCKA,
mubdepentmpoBantbie cxembl amnupuaeckoir AMT. [Tpu-
Mmep Ttakoro IIporokosa mus unbeKIUi pecnupaTopHOro
TpPaKTa Ipe/cTaBeH Ha puc. 1.

[Ipu cozmanum peecTpa MUKPOOPraHU3MOB B GaKTepH-
oJiornyeckoii raboparopun LleHTpa Nemob3oBaIu METO/IBI
aBTOMATUYECKOU BHIOBON ueHTU(DUKAIUU U OIpe/eie-
HUSI YYBCTBUTEILHOCTH K aHTUOUOTUKAM C IOMOIIbIO GaK-
Teprosornyeckux ananuszaTopo « Walk Away 40» n «Vitek
2» ¢ mpuMeHenneM MexayHapoaHbeix kputepres EUCAST.

Jlist OlleHKU TPEHJ0B aHTUOMOTUKOPE3MCTEHTHOCTH
nocsie BHeapenus [IpoTokosoB 1 aBTOMATU3UPOBAHHOTO
MIPOEKTHPOBAHKS POIECCOB TOTPEOICHIA aHTUOMOTUKOB
HCHOJIb30BAJIN UHIEKC JIEKaPCTBEHHOW YCTONYMBOCTU
(MJ1Y), koTopsIil o6beauHsieT B cebe MHPOPMAIHIo 0 Ya-
CTOTE PE3UCTEHTHOCTH MUKPOOPTaHu3Ma M MOTpebIeHu
AMII, noreniuanbio 9hHEKTUBHBIX B OTHOIIEHUU JIaH-
Horo Bo30yauresst [17]. ITo cBoeit cytu WJIY orpaxkaer
HACKOJIbKO panuoHaabHo npumensiorcs AMIT mpu neue-
Huu uHGEKIUN oIpeiesieHHoi aTrosnorun. [Ipu nHnekce
paBHOM 0 MHUKDOODPraHW3M CUUTAETCS YYBCTBUTEIBHBIM
KO BceM ToTeHIManbHO addexktuBHbiM AMII, ecam wH-
JieKkce paBeH 1, Bo3OyAuTeb yCTONYMB KO BCeM MMEOIIM-
cs B apceHase aHtuOmorukam. MNJIY paccuurtbiBanu B
JIBYX BapUaHTax:

— agantupoBanubiii MJIY = antubuotrukopeswuc-
TEHTHOCTh AHAJIU3MPYEMOTo Mepuoga X TmoTpedreHue
AMII ananmmsupyeMoro mepuoza;

—  ¢durcupoBanubiii IJIY = aHTUOHOTHKOpE3UC-
TEHTHOCTh AHAJU3UPYEMOro Iepuoia X ImoTpedieHue
AMII cpaBauBaemoro mepuosa.

Pasnuia mexay GUKCHPOBAHHBIM U a/IalITHPOBAH-
HBIM MHJIEKCOM ITOKa3bIBAET, KAKOW BKJIAJ BHECTO M3Me-
HeHue norpebaenust AMII B aHanus3upyeMom epuojie B
YPOBEHb aHTUOUOTUKOPE3UCTEHTHOCTH KOHKPETHOTO MU-
KPOOpraHu3ma.

CpaBHUBaeMbI€ TTEPUOJIBL:

NJTY paccuuran st cieyionux mepuooB:

— 2012 ron (4303 mTamMMa) — TpEMHTEPBEHITNOH-
HBIN TTePUO/I,

— 2014 rox (3613 mrammos) u 2015 rox (4190
IITAMMOB) — WHTEPBEHIIMOHHBII TTEPHO/I.

IIpu onpenenenun nocroBepruoctu paziauunii 1JIY B
ncce[yeMble MepUObl MPUMEHSIM TOYHBI KPUTEPUN
ODumrepa 171 MEPBUYHBIX JIAHHBIX, WCIOJIb3YEMBIX IIPH
pacyere mH/ieKca. JLOCTOBEPHBIMYM NPUHSINA OTIUYHS TIPU
yposue p<0,05.

strains obtained from patients with infections admitted to
the intensive care units (ICU) and specialized depart-
ments over the period from 2011 to 2015. Protocols of
empiric antimicrobial therapy were developed in the
Center based on the ROM after the analysis of microbial
resistance. A standard Protocol includes dominant micro-
biota in a certain infection and a degree of its antibiotic
resistance; evaluation of risk factors of resistant pathogens,
and differentiated regimens of empirical AMT depending
on presence of the risk factors. An example of this Protocol
for respiratory tract infections is presented in Figure 1.

Methods of automatic species identification and
antibiotic susceptibility testing using bacteriological ana-
lyzers WalkAway 40 and Vitek 2 according to EUCAST
international criteria for antimicrobial susceptibility test-
ing were applied while developing the ROM in the bacte-
riological laboratory of the Center.

The DRI was used to evaluate trends of antibiotic
resistance after implementation of the Protocols and auto-
mated management of antibiotics consumption processes.
The DRI combines information on the incidence of micro-
bial resistance and AMAs consumption which are poten-
tially effective against this pathogen [17]. The DRI
demonstrates how efficiently the AMAs are applied to
treat an infection of a certain etiology. If the index is 0, a
microorganism is considered sensitive to all potentially
effective AMAs; if the index is 1, the pathogen is resistant
to all available antibiotics. The DRI was calculated in two
variants:

— Adapted DRI = antibiotic resistance during the
analyzed period X AMA consumption during the analyzed
period;

—  Fixed DRI = antibiotic resistance during the ana-
lyzed period X AMA consumption during the comparison
period.

The difference between the fixed index and the adapt-
ed one indicates the contribution of AMA consumption
changes to the antibiotic resistance degree of a particular
microorganism during the analyzed period.

Comparison periods:

The DRI was calculated for the following periods:

— 2012 (4,303 strains) — pre-intervention period,

— 2014 (3,613 strains) and 2015 (4,190 strains) —
intervention period.

The significance of differences in the DRIs during the
analyzed period was determined by means of Fisher's exact
test for the raw data used in the calculation of the index.
The difference was considered significant at the P<0.05.

Results and Discussion

Special attention was paid to ESKAPE
(Enterococcus  faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter species)
Gram-negative pathogens in the study of the antibi-
otic resistance degree and calculating the DRI [18],
since infections caused by these microorganisms pre-
sent the greatest difficulties in choosing empiric and
targeted AMT:

Klebsiella pneumoniae CP+ — K. pneumoniae
producing carbapenemases;
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Puc. 1. Cranpaprubiii nporokos smmupuyeckoit AMT undexuuii aprxareibHbIX myTeii.
Fig. 1. A standard Protocol of empirical AMT for respiratory tract infections.

Note. Protocol of empirical AMT in respiratory tract infections

General structure of respiratory tract infection pathogens

Most common pathogens Incidence, % % of strains sensitive to antibiotics

Streptococcus spp. (n=48) 23.5 Linezolid=Vancomycin=Amoxicillin/clavulanate=Ampicillin=I—IV CS 100%;
Fluoroquinolones (Cypro, Levo) 80%; Erythromycin 37.5%

MSSA (n=40) 19.6 Amoxicillin/clavulanate=Piperacillin /tazobactam=Tigecycline=

Ampicillin/sulbactam=Azithromycin=Gentamycin=Imipenem/cilastatin=
Fluoroquinolones=Clindamycin=I—IV CS 100%; Ampicillin 0%

Klebsiella pneumonia (n=31) 15.2 Colistin 100%; Doripenem=Imipenem/cilastatin=Meropenem 96.8;

ESBL + 64.5% Ertapenem 87.1%; Tigecycline 78.5%; Cefoperazone/ sulbactam 58.6%;
Fluoroquinolones (Cypro, Levo, Moxi) 51.6%;
Ticarcillin/clavulanate=Tobramycin 50%;
Amoxicillin/clavulanate=Ampicillin/sulbactam= I—IV CS 35.5%;
Piperacillin/tazobactam 34.6%; Aztreonam 33.3%; Ampicillin 0%

Pseudomonas aeruginosa (n=17) 8.3 Colistin 100%; Amikacin=Tobramycin 64.7%; Gentamycin 62.5%;
Cefoperazone/ sulbactam 52.9%; Doripenem=Fluoroquinolones (Cypro, Levo) 47.1%;
Cefepim=Meropenem 37.5%; Imipenem/cilastatin 32.5%;
I1I CS=Piperacillin /tazobactam 0%

Acinetobacter baumannii/ 7.3 Colistin=Tigecycline 100%; Cefoperazone/ sulbactam 37.5%;

haemolyticus (n=15) Imipenem/cilastatin=Meropenem=Doripenem 18.7%; Ticarcillin/clavulanate 15.3%;
Fluoroquinolones (Cypro, Levo) 11.7%; Amikacin=I11—1V CS 0%

I. Stratification of patients according to the risk of resistant pathogens
Type I Type 11 Type 111
I1. Sampling of biological materials for a bacteriological test
II1. Empirical therapy
Choice: Amoxicillin/clavulanate! Choice: Ertapenem+Colistin® Choice: Meropenem®+Tigecycline’+Colistin®
Alternative: Levofloxain' Alternative: Levofloxain'+Colistin® Alternative: Ciprofloxacin+Amikacin®+Colistin®

' — oral administration should be preferred for patients in a satisfactory and moderately severe state; > — inhalation, 1—2 million TU
bid; * — the drug should be introduced in the form of a prolonged infusion. Loading dose (2 g) is introduced via an iv bolus injection
before the first infusion of the drug. Prolonged infusion of 2 g of meropenem over 3—4 hours follows the loading dose tid; * — NB! The
loading dose is 100 mg, then 50 mg is introduced once every 12 hours; > — inhalation, 1—3 million TU bid; ® — amikacin is introduced
once daily at a dose 15 mg/kg bw (with normal renal function).
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Puc. 2. i3amenenus unmekca jekapcreennoit ycroitunsocru (MJIY).

Fig. 2. Drug resistance index (DRI) changing.
Note. ASP — Antibiotic Stewardship Program.

Ipumeyanne. ASP — crparterusi KOHTPOJIsT aHTUMUKPOOHOI Teparii; value — 3uadenue; years -rojpl; fixed — dukcuposannbrii; adap-
tive — aganruposanusiit; Contribution to reduce — Bkiaz cHusKeHus; Tesistance — yeroitunBoctu; antibiotic consumption — norpebae-

HUS aHTUOUOTHKOB.

PesyubraThl 1 00CyKAEHUE

IIpr u3y4YeHUU YPOBHS aHTHOHOTHKOPE3HC-
teHTHOCTH u pacuete MJIY ocHoBHOe BHUMaHMe
VACJTUIM  IPaMOTPHUIATENbHBIM — BO30YAUTENSIM
ESKAPE [16], Tak kak nndexiuu, BbI3BaHHble JaH-
HBIME MUKPOOPIaHU3MaMH, BbI3bIBAIOT HAOOJIbIIIIE
TPYAHOCTH TIPY BHIOOPE IMITMPUUYECKON U IleJIeHa-
npaByenHoit AMT:

Klebsiella pneumoniae CP+ — K. pneumoniae,
MPOAYIUPYIOIIas KapbareHeMasbl;

Acinetobacter baumannii MDR — A. baumannii,
00IaIATOIIIN I TTIOJIUPE3UCTEHTHOCTBIO;

Pseudomonas aeruginosa MDR — P. aeruginosa,
obJalaroast oJIUPE3UCTEHTHOCTHIO;

Enterobacteriaceae ESBL* — asnTepobakrepun
(B matnHoM ciy4ae Escherichia coli), nmponytupyioriie
B-TakTaMasbl PaCITUPEHHOTO CIIEKTPA JIEHCTBUS.

Jmnamuka usmenennit IJIY mpencrasiena Ha
puc. 2 u B Tabi. 1—4.

Acinetobacter baumannii MDR — multidrug-
resistant A. baumanni;

Pseudomonas aeruginosa MDR — multidrug-
resistant P. aeruginosa;

Enterobacteriaceae ESBL"™ — Enterobacteriaceae
(in this case, Escherichia coli) producing wide-spectrum
beta-lactamases.

The dynamics of DRI changes is presented in
Fig. 2 and in Tables 1—4.

The P. aeruginosa DRI decreased from 0.721 in
2012 to 0.596 in 2015. Figure 2 a shows that the
decrease in DRI of P. aeruginosa was mainly caused
by reduction of antibiotic resistance and, to a small
extent, by reduction of AMA consumption. These
changes were achieved due to the reduced resistance
to all AMA groups in 2015, as well as to reduced con-
sumption of ineffective IIT—IV generation
cephalosporins, including the inhibitor-protected
cephalosporins. In 2015, increased consumption of
fluoroquinolones, protected penicillins  with
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Ta6mmua 1. Pacuer uniexca aekapcrsenHoii ycroituusocru (UJIY) P. aeruginosa.
Table 1. The calculation of drug resistance index (DRI) P. aeruginosa.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 P. aeruginosa Aminoglycosides 0,55 0,05 0,026 0,721
Fluoroquinolones 0,61 0,42 0,256
Piperacillin / tazobactam 0,97 0 0
Cephalosporins 11 0,97 0,31 0,304
Cefoperazone / sulbactam 0,58 0,07 0,041
Cephalosporins TV 0,71 0,04 0,027
Carbapenem group 2 0,61 0,11 0,067
Colistin 0,00 0,00 0,000
2015 P. aeruginosa Aminoglycosides 0,51)] 0,0 0,012 0,596
Fluoroquinolones 0,57] 0,501 0,287
Piperacillin / tazobactam 0,83) 0,011 0,005
Cephalosporins TIT 0,76 0,25 0,191
Cefoperazone / sulbactam 0,49) 0,02 0,008
Cephalosporins TV 0,60/ 0,00} 0,002
Carbapenem group 2 0,54 0,17 0,091
Colistin 0,00 0,03 0,000

IIpumeuanue. Period — nepuog; Microorganism — mukpoopranusm; Antibiotics — antumnkpo6usie npenaparsi (AMIT);The fre-
quency of resistant isolates — yacrora pesucrenTHbIx u30J10B; The frequency of antibiotic use — yacrora norpebaenust AMIT; Drug
resistance — jiekapctBennast peaucrentHocth; DRI — WJIY; Aminoglycosides — amunorinkosuasl; Fluoroquinolones — dpropxunosio-
uor; Piperacillin/tazobactam — numeparnummmn/Taso6akram; Cephalosporins — nedamnociopunsr; Cefoperazone/sulbactam — nedo-
nepasoH,/cyabbakram; Carbapenem group — kap6Ganeremsr rpymmsi; Colistin — xosuerus (10 ke st taba. 2—4).

Ta6auua 2. Pacuer unjexca jekapcrBeHnoii ycroitunoctu (UJIY) A. baumannii.
Table 2. The calculation of drug resistance index (DR)I A. baumannii.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 A. baumannii Aminoglycosides 0,87 0,05 0,040 0,96
Fluoroquinolones 0,99 0,41 0,411
Piperacillin / tazobactam 1,0 0,0 0,0
Cephalosporins 11 0,99 0,31 0,307
Cefoperazone / sulbactam 0,77 0,07 0,054
Cephalosporins TV 0,99 0,04 0,037
Carbapenem group 2 0,97 0,108 0,105
Tigecycline 0,55 0,01 0,006
Colistin 0,00 0,00 0,000
2015 A. baumannii Aminoglycosides 0,94 0,02221 0,021 0,889
Fluoroquinolones 0,94) 0,491 0,462
Piperacillin / tazobactam 0,91) 0,01 0,005
Cephalosporins 11 0,97) 0,25 0,238
Cefoperazone / sulbactam 0,75 0,02 0,012
Cephalosporins TV 0,95 0,00) 0,003
Carbapenem group 2 0,90) 0,161 0,147
Tigecycline 0,02 0,025 0,001
Colistin 0,00 0,026 0,000

Ipumeuanue. Tigecycline — turennkaun (1o ke s Tabu. 3, 4).

WNJTY P. aeruginosa canznics c 0,721 8 2012 ro-
ay 1o 0,596 B 2015 roxy. V3 pucynka 2 a Buzano, 410
ocHOBHOI BkJaj B ymenbluenue VJIY nua P. aerugi-
70Sa BHECJIO UMEHHO CHIKEHME aHTHOMOTUKOPE3UC-
TEHTHOCTW W B HE3HAUYUTETHHON CTEIIEHU COKpare-
Hue norpebmernss AMII.

JlaHHble W3MEHEHUsI JOCTUTHYTHI Ojaromapst
YMEHBIIEHUIO YPOBHS PE3UCTEHTHOCTH KO BCEM
rpymmam AMII B 2015 roxy, a Tak:ke 3a CUeT CHYKe-
Hus norpebiaenns ManodpdEKTUBHBIX 11edaIocIio-
putos IT11—IV mokoJjieHUs1, B TOM 4nCjie HHTHOUTOP-
samuiieHapx  nedanocnopuaos. B 2015 roxy

antipseudomonal activity, "big" carbapenems and
colistin was registered, but it did not cause an
increase in the resistance of P. aeruginosa to these
groups of drugs (Table 1).

Similar changes in the DRI were achieved for
A. baumannii. Introduction of ATCS also con-
tributed to the DRI decrease from 0.96 in 2012 to
0.889 in 2015 (see Fig. 2 b). It is apparent that the
index decrease was due to both the decreased antibi-
otic resistance of A. baumannii and the decreased
consumption of inefficient antibiotics. Analysis of
the structure of these changes (see Table 2) shows
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Ta6muua 3. Pacuer uniexca gekapersenHoii ycroitunsocru (UJIY) K. pneumoniae.
Table 3. The calculation of drug resistance index (DRI) K. pneumoniae.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 K. pneumoniae Aminoglycosides 0,510 0,033 0,017 0,728
Fluoroquinolones 0,770 0,294 0,226
Aminopenicillins 0,980 0,034 0,034
Inhibitor-protected Penicillins 0,780 0,160 0,125
Cephalosporins T 0,880 0,093 0,082
Cephalosporins IIT 0,800 0,220 0,176
Cefoperazone / sulbactam 0,720 0,049 0,035
Cephalosporins TV 0,800 0,027 0,021
Carbapenem group 1 0,260 0,004 0,001
Carbapenem group 2 0,120 0,076 0,009
Tigecycline 0,170 0,008 0,001
Colistin 0,000 0,001 0,000
2015 K. pneumoniae Aminoglycosides 0,35) 0,01) 0,004 0,595
Fluoroquinolones 0,61) 0,27) 0,165
Aminopenicillins 1,00 0,01) 0,015
Inhibitor-protected Penicillins 0,68 0,281 0,193
Cephalosporins T 0,79 0,141 0,108
Cephalosporins IIT 0,66 0,14) 0,089
Cefoperazone / sulbactam 0,52) 0,01) 0,005
Cephalosporins TV 0,66 0,00) 0,001
Carbapenem group 1 0,24 0,0071 0,002
Carbapenem group 2 0,09) 0,017 0,004
Tigecycline 0,13) 0,091 0,008
Colistin 0,01 0,014% 0,002

IMpumevanue. Aminopenicillins — amunonenunununer; Inhibitor-protected Penicillins — samuiennpie meHunmaInHbl (TO Ke s

Tabi. 4).

[IPOM30IIE POCT MOTpebJIeHUsT (DTOPXUHOIOHOB, 3a-
MIUIIEHHBIX TTEHWITUITUHOB ¢ aHTHCUHETHOWHOM
AKTUBHOCTBIO, «O0JIBIITNX> KapOalleHEMOB U KOJIHC-
TUHA, OJTHAKO 3TO HE BBI3BAJIO POCTA YCTOWUUBOCTH
P. aeruginosa x ykasaHHBIM TPYIIIaM IIPeNapaToB
(tabu. 1).

[Toxoxue namenenus: MJIY momyunnu nnsa
A. baumannii. B pesynprate Buenpenuss CKAT takixe
nocturayTo ero cHmkenne ¢ 0,96 8 2012 roxy 1o 0,889
B 2015 toxmy (cm. puc. 2 b). Tlpu aTOoM BHIHO, Y4TO
YMEeHbBIIIEHNe WHIEKCA TPOU3OIIIO B PABHON CTEMEHN
3a CYET YMEHBIIEHMs AaHTHOUOTUKOPE3UCTEHTHOCTH
A. baumannii v coxpaItieHnsT MUCIIOJb30BAaHNS MaJo-
3(hdEKTUBHBIX aHTUOHOTHKOB. AHAJIM3 CTPYKTYPBI
JIAHHBIX M3MeHeHui (cMm. TabJ1. 2) 1mokasaj, 4To CHU-
JKeHue Pe3ucTeHTHOCTU A. baumannii KOCHYJIOCh BCEX
rpyn AMII 3a uckioyenueM aMUHOITIMKO3UIOB.

CHuskenne norpebeHus 1edasocnopuHoB
[TI—IV noxosiennst 1 aMUHOTIINKO3UI0B BHECJIO OC-
HOBHOU BkJaaj B ymenbienue MJIY B 2015 romy.
[Tpu 3TOM MOBBIIIIEHUE TTOTPEOJIEHUST TUTEIMKINHA 1
KOJINCTHHA, aHTHOMOTHKOB, Hambosee shdekTuB-
HBIX B OTHOIIEHUN A. baumannii, 3aKOHOMEPHO He
MPUBENIO K YBEJTUYEHUIO PE3UCTEHTHOCTH JAHHOTO
MUKPOOPTaHU3MA.

Buezpperne CKAT naubosee adexTuBHO oTpa-
sunock Ha cHwkennu WJIY K. pneumoniae, manexc
camsuiicst ¢ 0,728 8 2012 romy 0 0,595 B 2015 roxy (cm.
puc. 2 ¢). OCHOBHOI BKJIA/l B IOCTUTHYTbIe MI3MEHEHUST
BHECJIO COKpallleHne aHTHOMOTUKOPE3UCTEHTHOCTH,

that decreased resistance of A. baumannii has
occurred in relation to all groups of AMA, except
aminoglycosides. Reduced consumption of II1—-IV
generation cephalosporins and aminoglycosides had
the greatest contribution in the DRI decrease in
2015. At the same time, increased consumption of
tigecycline and colistin, the most effective antibi-
otics against A. baumannii, as it had been expected,
did not increase the resistance of this microorganism.

Introduction of ATCS had the greatest effect
on the DRI reduction for K. pneumoniae, the index
dropped from 0.728 in 2012 to 0.595 in 2015 (Fig. 2
¢). The achieved changes were rather due to the
decrease in antibiotic resistance than the reduced
consumption of AMA potentially effective against
this bacterium. There was a significant decrease in
resistance of K. pneumoniae to all AMA groups
except aminopenicillins. As for the types of AMA,
there was a significant decrease in the use of III—IV
generation cephalosporins and group 2 carbapenems,
whereas the use of aminoglycosides, fluoro-
quinolones and aminopenicillins decreased insignifi-
cantly. On the contrary, the consumption of protect-
ed penicillins and generation I cephalosporins
(mainly because they were included in many regi-
mens of perioperative antibiotic prophylaxis), as well
as ertapenem, tigecycline and colistin, highly active
drugs against K. pneumoniae with low potential for
antibiotic resistance, increased (see Table 3). Of
course, the reduced consumption of antipseudomon-
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Tabmmua 4. Pacuer unexca jgekapersenHoii ycroituusocru (UJIY) E. coli.
Table 4. The calculation of drug resistance index (DRI) E. coli.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 E. coli Aminoglycosides 0,180 0,033 0,006 0,325
Fluoroquinolones 0,350 0,294 0,103
Aminopenicillins 0,700 0,034 0,024
Inhibitor-protected Penicillins 0,330 0,160 0,053
Cephalosporins T 0,490 0,093 0,046
Cephalosporins TIT 0,350 0,220 0,077
Cefoperazone / sulbactam 0,120 0,049 0,006
Cephalosporins TV 0,350 0,027 0,009
Carbapenem group 1 0,000 0,004 0,000
Carbapenem group 2 0,000 0,076 0,000
Tigecycline 0,250 0,008 0,002
Colistin 0,000 0,001 0,000
2015 E. coli Aminoglycosides 0,2 0,01 0,0024 0,382
Fluoroquinolones 0,37¢ 0,27 0,1002
Aminopenicillins 0,67 0,01 0,0098
Inhibitor-protected Penicillins 0,461 0,281 0,1305
Cephalosporins T 0,611 0,141 0,0837
Cephalosporins TIT 0,39 0,14 0,0527
Cefoperazone / sulbactam 0,14 0,01) 0,0013
Cephalosporins TV 0,391 0,00 0,0008
Carbapenem group 1 0,01 0,017 0,0002
Carbapenem group 2 0,00 0,09 0,0000
Tigecycline 0,01 0,014 0,0001
Colistin 0,01 0,015 0,0001

Hekesln yMeHbInenne norpebiaenuss AMII, moreHim-
aIbHO 3((MEKTUBHBIX B OTHOILIEHUM JaHHOU OakTte-
pun. OTMEUYEHO 3HAYNTENBHO CHUKEHIE YCTOHUNBO-
ctu K. pneumoniae xo Bcem tpynmam AMII 3a
UCKJIIOYEHUEM aMUHOIIEHUITUJINHOB, B CTPYKTYpe
norpebsernss AMII cyIecTBeHHO COKPATUJIOCh HC-
nonb3oBanue 1edanocmoputos [II—1V rerneparun u
KapOarieHeMOB 2 TPYIIIIBI, MOTpebIeHe aMUHOTINKO-
3UJ10B, (PTOPXUHOJIOHOB M aMUHOTIECHUIIUJJIMHOB
YMEHBITUJIOCHh HecylecTBeHHo. HarpoTus, moBbicH-
JIACh YaCTOTa MCIOJIb30BAHUS 3alIUIICHHBIX TI€HU-
IJITHHOB ¥ TiehasiociopuHoOB | mokoaenns (B OCHOB-
HOM 32 CYeT BKJIIOYEHWS WX BO MHOTHUE CXEMBI
HEePUOTIEPAIIMOHHON aHTHOMOTUKONPOMUIAKTAKHN), a
TaK)Ke apTarieHeMa, TUTEINKINHA U KOJIMCTUHA — TIpe-
apaToB, 00JIAJAOIINX BBICOKOI aKTUBHOCTHIO B OTHO-
menun K. pneumoniae i UMEIOTIINX HU3KWI TIOTEHITAIT
pocTa aHTUOHOTHKOPE3UCTEHTHOCTH (CM. TabJL. 3).

BesyciioBHO, cokpaiiieHe oTpedIeHrst aHTH-
CUHETHOIHBIX KapOarneHeMOoB JJist JieueHust MHpeK-
Ui, BeisBaHHOU Enterobacteriaceae, u yBesnuenue
WCTIOJIb30BAHUS JIJIST ATUX 1eJieil apTarnenemMa 1mo3u-
TUBHO OTPA3WJIOCh HA CHWKEHUM PE3UCTEHTHOCTH
HeepMEHTUPYIOMIMX TPAMOTPUIATEIBHBIX OaKTe-
puii (em. puc. 2 a, b).

EnvHCTBEHHBIM MUKDPOOPTaHU3MOM, JIJIST KOTO-
poro otMeTnH oBbienne MJIY, kak hukcupoBan-
HOrO, Tak M aJalTHPOBAHHOrO, oKasanach E. coli.
Anarrruposanubsiii IJIY Bospoc ¢ 0,325 B 2012 roxy
1o 0,382 B 2015 rozy, GUKCHMPOBAHHDIN HHIEKC OKa-
3aJICsl HECKOJIBKO HIDKE aallTUPOBAHHOTO W COCTa-
Bt 0,372 (em. puc. 2 d). Poct jekapcTBeHHOI yc-

al carbapenems for the treatment of infections caused
by Enterobacteriaceae, and an increase in the use
ertapenem for this purpose positively affected the
decrease of resistance of non-fermenting Gram-nega-
tive bacteria (see Fig. 2 a, b).

E. coli was the only microorganism, whose fixed
and adapted DRI increased. The adapted DRI
increased from 0.325 in 2012 to 0.382 in 2015, the
fixed index was slightly lower that the adapted one
and was equal to 0.372 (see Fig. 2, d). The growth of
drug resistance of E. coli is associated primarily with
the growth of resistance to the protected penicillins
and generation I cephalosporins, as well as with an
increase in the consumption of these AMA groups (see
Table 4), which were mainly used for perioperative
antibiotic prophylaxis in abdominal interventions in
general surgery, gynecology and in the urinary tract
operations. Analysis of the ROM demonstrated that
approximately 50% of the strains of E. coli were iden-
tified in patients in general surgery and urology units.
Thus, a revision of perioperative antibiotic prophylax-
is regimens in the mentioned units may be one way to
constrain the growth of antibiotic resistance of E. coli
at this stage, with the replacement of protected peni-
cillins and cefazolin by antibiotics less affecting the
resistance of E. coli, perhaps, by aminoglycosides, fluo-
roquinolones and generation IT cephalosporins.

Conclusion

A development of a unified hospital ROM and
application of the drug resistance index for mathe-
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toitunBocTH E. coli cBsi3aH, B TIEPBYIO OU€PE/Ib, C POC-
TOM PE3UCTEHTHOCTU K 3al[UIIEHHBIM eHUIINLIN-
HaM U 1edanocriopuHaM | MoKoeHus, a Takke ¢ yBe-
JmdeHneM MOTpeOeHns yKazauusix Tpymn AMIT
(cM. Tabu. 4), KOTOpble NPUMEHSIUCH B OCHOBHOM
JUISE IEPUOTIEPAIIHOHHOM aHTHOHOTHKOPOMIIAKTH-
KM 1Ipyu a0JJOMUHAIBHBIX BMEIIATEIbCTBAX B 0011eit
XUPYPruy, THHEKOJIOTUH ¥ TIPU OTI€PAINsAX Ha Move-
BBIBOJSATINX My TsX. [[pw ananmse peecTpa MUKPOOP-
rannamMoB lleHTpa BHISIBIEHO, YTO OKOJI0 50% TITam-
MOB E. coli GbLiv BbIJI€JIEHBI Y TAIIMEHTOB OT/ACJICHUI
o011ell XUPYPruK U ypoJoruu. TakuM o6pasoMm, o1-
HUM U3 MyTeil cAepKIUBaHUSA POCTa aHTUOMOTHKOPE-
sucrerrtHoctu E. coli na gannoM araie MOXKeT ObITh
[IEPECMOTP CXEM MEPUOIIEPALMOHHON aHTUOUOTUKO-
MPOMGUTAKTUKY B YKa3aHHBIX OT/IEJIEHUSIX C 3aMEHO
3aIIUINEHHBIX TTEHUIUIJINHOB U 1leha30oMHa Ha aH-
TUOMOTUKY, 00JIafaloie MEHbIIMM BJUSHUEM Ha
yeroitunBocth E. coli, BO3MOKHO, 3TO MOTYyT ObITh
AMUHOIJIMKO31/1bI, PTOPXMHOJIOHBI U 1edasiocopu-
uol [1 mokoneHus.
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matical modeling of the pathogens resistance level
allows to perform timely monitoring of changes in
antibiotic resistance of nosocomial microorganisms
in ICU setting and other hospital departments and
proper managing of the antibiotics prescription.

3akiouyeHue

DopMupoBanue eIUHOTO peecTpa MUKPOOPTa-
HU3MOB JIe4eOHOTO YUPEKICHUS, a TAK/KE MCIIOIb30-
BaHUE TAaKUX MHCTPYMEHTOB MaTeMaTUIECKOTO Mo/ie-
JIUPOBAHUsI YPOBHSI PE3MCTEHTHOCTH BO30OYAUTENIEH,
kak WJIY, mo3BossieT CcBOEBPEMEHHO KOHTPOIUPO-
BaTh U3MEHEHM aHTUOMOTUKOPE3UCTEHTHOCTH HO30-
KOMUAJIBHBIX MUKPOOPraHM3MOB B CTallOHApe U Ha
OCHOBAHWW 3TUX JTAHHBIX YIIPABJIATH MTPOIECCOM Ha-
3HAaYEHUS AaHTUOUOTUKOB.
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