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eab. YcraHoBUTH (akTOpbl (PEHOTUNMYECKON M TEHOTUIIMYECKON pPEe3MCTEHTHOCTHM HaumboJsiee Ipo-
GJIeMHBIX BO30ynuTesieit MHGEKINY B OTAEIEHNN peaHUMallMi U MHTEHCUBHOM Teparuu.

Marepuan u meroanl. [IpoBeneHO KOMILIEKCHOE oOciaemoBaHue 99 manueHTOB OTAEICHMSI peaHUMa-
MU U MHTEHCUBHOW Tepamuu, U3 MOKPOTHI KOTOPBIX BbIAENEHO 224 KIMHMYECKUX MU30jsTa. 151 M30J4TOB
Klebsiella pneumonia BbITIOJHEHA AETEKIIUSI T€HOB KapOaneHeMa3 METOJO0M IMOJMMepasHOi LEMHON peakuuu
B PEeXUME peaJbHOTO BPEeMEHU W OMNpeAeieHbl MUHUMAaJbHBIE TTOMABISIONINE KOHIEHTPAlUM aHTUOMOTUKOB
JUIST MUKPOOPTaHU3MOB B TUIAHKTOHHO# ¢opme U (popMe OMOTUIEHKM METOAOM JABYKPATHBIX CEPUMHBIX pa3-
BEICHU.

PesyabTaThl. B CTpyKType HCCIIeIOBaHHBIX W30JSTOB 4allle BCTpedaiauch Acinetobacter spp. (32,6%),
Klebsiella pneumonia (33,5%), Pseudomonas aeruginosa (14,7%). 91,4% wzonatoB Klebsiella pneumoniae obnanamm
reHaM# Pe3MCTEHTHOCTH, IIpUYeM B OOJIBIIMHCTBE ClIyuyaeB — reHoM pe3ucTteHTHocTu OXA-48 (80%). Bce uc-
cJeOBaHHbIE M30JISITHI YMEPEHHO WJIM XOPOIIo (hOPMUPOBATU OMOTIEHKY, TIPU 3TOM CPeIu U3YyYeHHBIX MUKPO-
OpPraHM3MOB JlaHHasl CMIOCOOHOCTb HamboJjiee BbipaxeHa y Proteus mirabilis. Bce M301sThl Kak B TJIaHKTOHHOM
dopme, Tak 1 B popMe OUOIUIEHKM OBIIM YYBCTBUTENBbHBI K TUTeUMKINHY (100%), MpOsSIBUB yCTOMYMBOCTH K
KkapbaneHeMaM B 94,7%, k uedanocrnopuHaM — B 100% caydae. s 90% uccienoBaHHBIX M30JISITOB MUHU-
MajibHasl MOAABISIONIAs KOHIEHTPALIMS I TUTEMKIMHA U HUNpodIoKcallMHa B COCTaBe OMOIIJIEHKU HE MEHSI -
€Tcsl, HO BO3pacTaeT B cpeaHeM Juisi MokcudiokcalHa B 1,3 pasza u MeporneHema B 1,2 pasa.

3akmouenne. YCTaHOBICHBI (haKTOPHI (PeHOTUITUIECKON W TeHOTHITUYECKON Pe3nCTeHTHOCTH HauboJee
MPpOOJEMHBIX BO30ymuTeelt MHGEKIMN B OTIACICHUM peaHMMAallUM WM MHTEHCUBHOW Tepanmuu. YCTaHOBIIE-
Ha B3aMMOCBSI3b aHTUOMOTUKOpe3ucTeHTHOCTU Klebsiella pneumonia ¢ npoaykuueii kapbaneHemas. bosblas
yacTh U30JsITOB Klebsiella pneumoniae, pe3auCTEHTHBIX K KapOaleHemMaM M ledanocnoprHaM, MMesa acco-
muauuy reHoB: OXA-48 u CTX-M (37,1%), NDM u CTX-M (2,9%), NDM u OXA-48 (37,1%), CTX-M u
OXA-48 (11,4%). Unentudukanus reHoB pe3UCTEHTHOCTH, OMpPEAeIIONINX CUHTe3 KapbameHeMa3 u 1eda-
JIOCTIOPMHA3, TO3BOJISAET MCKIIOUMTh aHTUOMOTUKHU, paspyllaeMble HJaHHBIMM (DepMeHTaMu, M3 aJrOpuTMOB
aHTUOAKTepUaIbHOI TepaIuu.

Karouegole crosa: anmubuomuxopesucmenmuocms, Klebsiella pneumoniae, Acinetobacter spp., Pseudomonas
aeruginosa, ghopmuposanue OUONAEHOK, 2€Hbl PE3UCHMEHMHOCMU

Objective. To establish factors of phenotypic and genotypic resistance of the most problematic infectious
agents in the intensive care unit.

Methods. A comprehensive examination of 224 clinical isolates from the sputum of 99 patients in the
intensive care unit was performed. Carbapenemase genes in Klebsiella pneumonia isolates were detected by real-
time polymerase chain reaction and minimum inhibitory concentrations of antibiotics for microorganisms were
determined in planktonic form and biofilm form by the method of double serial dilutions.

Results. In the structure of the studied isolates the most common were Acinetobacter spp. (32.6%),
Kilebsiella pneumonia (33.5%), Pseudomonas aeruginosa (14.7%). 91.4% of Klebsiella pneumoniae isolates
possessed genes of resistance and in most cases — OXA-48 (80%). All the studied isolates moderately or well
formed the biofilm, among the studied microorganisms Proteus mirabilis demonstrated this ability best of all.
All isolates both in plankton form and in the form of biofilm were sensitive to tigecycline (100%) and resistant
to carbapenems in 94.7%, to cephalosporins — in 100% of cases. For 90% of the studied isolates the minimum
inhibitory concentration for tigecycline and ciprofloxacin in the biofilm does not change and increases for
moxifloxacin in 1.3 times, for meropenem — 1.2 times.

Conclusions. The factors of phenotypic and genotypic resistance of the most problematic infectious
agents in the intensive care unit have been established. Most of the carbapenemresistant Klebsiella pneumoniae
isolates (88.5%) had gene associations: OXA-48 and CTX-M (37.1%), NDM and CTX-M (2.9%), NDM and
OXA-48 (37.1%), CTX-M and OXA-48 (11.4%). The identification of resistance genes that determine the
synthesis of carbapenemazes and cefalosporinazes eliminates the antibiotics that are destroyed by these enzymes
from the algorithms of antibacterial therapy.

Keywords: antibiotic resistance, Klebsiella pneumoniae, Acinetobacter spp., Pseudomonas aeruginosa, biofilm
formation, resistance genes
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Brepsbie moydyeHbl JaHHbIE O BBICOKOM YCTOMYMBOCTU MPOOIeMHBIX BO30yauTe el HO30KOMUAIbHOI MUKPOdI0-
DBl B COCTaBe OMOIIEHKU K aHTUOAKTepuaibHBIM IMpernapaTaM: K MeporeHeMy, UMUIIEHEMY, HUNPOGhIOKCALIMHY
B OTIEJIEHUM peaHUMAallM U UHTEHCUBHOM Tepalruu; YCTaHOBJIEHa B3aMMOCBSI3b (DEHOTUITMYECKON aHTMOMOTHUKO-
ycroitunuBocTH Klebsiella pneumoniae ¢ mpomyKimeit kKapoarmeHeMas, KOTopasi OIpeAessieTcsi TeHaMU pe3UCTeHTHOCTH

OXA-48, NDM, CTX-M.
What this paper adds

The data on antibiotic resistance of problematic representatives of nosocomial microflora in the biofilm composition to
meropenem, imipenem, ciprofloxacin in the intensive care unit have been obtained for the first time; the relationship
of phenotypic resistance of Klebsiella pneumoniae and carbapenemase producing has been established, which is
determined by the resistance genes OXA-48, NDM, CTX-M.

Introduction

Despite the fact that infections are not always
the main cause of mortality for patients in intensive
care units (ICU), they are definitely associated with
an increase in the length of hospital stay and the
cost of treatment. Hospital-acquired infections in the
ICU comprise 15—20% of all infectious processes in
the hospital and may further lead to complications
in > 40% of patients in critical condition [1]. The
increase in mortality is associated with the presence
of laboratory-confirmed infections caused by the
group of resistant microorganisms, designated by
the American Society for Infectious Diseases, as
ESKAPE pathogens. These include vancomycin-
resistant enterococci, carbapenem-resistant members
of the Enterobacteriaceae family, colistin-resistant
representatives of Acinetobacter spp., multi-resistant
Pseudomonas aeruginosa and MRSA [1].

Inadequate starting antibiotic therapy leads to
an increase in hospitalization and mortality [2],
additional costs and an increase in resistance [3].
The basis for the administering antimicrobial drugs
is the presence of clinical signs of an infectious
process or the presence of an established pathogen.
In patients with severe bacterial infections, every
hour of delayed administration of effective drugs
is associated with an increase in mortality of 7.6%
in the first 6 hours [4]. However, when prescribing
empirical therapy for severe infections, a dilemma
arises between the need for the widest possible
coverage of potential pathogens to ensure adequate
treatment, on the one hand, and minimization of
antibiotic-resistant strains selection, on the other
hand. The use of carbapenems as a starting empiri-
cal therapy for severe hospital infections during 48
hours before the results of microbiological research
led to the formation and selection of multi-resistant
strains of bacteria and the ineffectiveness of this
group of drugs [5].

The growth of carbapenem-resistant repre-
sentatives of the family Enferobacteriaceae is also

characteristic for the Republic of Belarus. Thus, the
number of carbapenems resistant to K. pneumonia
increased from 11.7% in 2015 to 78.7% in 2017
and is currently a serious threat [6]. The number of
known carbapenemases, which determine resistance
to carbapenems, is constantly increasing, but only
four types are most widely used in hospitals in the
CIS countries: NDM-type, VIM-type, KPC-type,
OXA-48-type. The first two enzymes are metal
beta-lactamases, and the last two are serine beta-
lactamases. Associated with the resistance to most
B-lactam drugs, carbapenemases are an important
marker of extreme antibiotic resistance of K. pneu-
moniae [7].

Also? one of the reasons for the growth of
antibiotic resistance of microorganisms is the
possibility of the existence of most of them in the
form of communities called biofilms (BF). As part
of BF, microorganisms exhibit astonishing resistance
to any influences, including antibiotics [8]. The
antibiotic sensitivity of bacteria in the composition
of biofilms is much lower compared with the
sensitivity of isolates of pure cultures, which in
turn makes the antibiotic unpromising, based on
data obtained in the bacteriological laboratory [9].

Currently, PCR diagnostics is a faster and more
promising method of microbiological identification.
Based on the study of the genetic material of
microorganisms, namely DNA and RNA contained
in the biological material obtained from patients,
PCR diagnostics allows determining the presence
of the pathogen with a minimum amount as soon
as possible, which is especially important in the
ICU. For example, PCR analysis allows detecting
MRSA within a few hours, unlike the traditional
bacteriological method, which requires at least
3-5 days to conduct a study, which is extremely
important for the rapid appointment of the targeted
antibiotic therapy in the ICU [10].

Objective. To establish the factors of phenotypic
and genotypic resistance of the most problematic
pathogens in the intensive care units.
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Methods

The study included 99 patients who were being
treated at the ICU of ME "Vitebsk Regional Clini-
cal Hospital” during 2016-2018. The structure was
dominated by men, comprising 71 people (71.7%);
women - 28 people (28.3%). The average age of men
was 56.0£14.6, women 55.4%16.6 years (Mzo).
Table 1 presents data on the distribution of patients
depending on the nosology.

All patients had single and bilateral polyseg-
mental or lobar pneumonia. 16 (16.2%) patients
had an out-of-hospital pneumonia, the rest had
hypostatic pneumonia. Of these, 59 (59.6%) patients
with pneumonia were on artificial lung ventilation
(ALV). On average, pneumonia developed at 4.6
[1.5-9.9] (Me [LQ-UQ]) day, while 64.1% of cases
were early pneumonias that developed on the 5th
day after hospitalization, 35.9 % — late ones. The
severity of the patient's condition was assessed ac-
cording to the SAPS II scale during the first 24
hours after admission to the ICU.

Phenotypic and genotypic features of 224
isolates obtained from the sputum were studied.
The sputum was taken on an empty stomach
in the morning to sterile tubes, and in patients
on mechanical ventilation, by aspiration from
the tracheobronchial tree. Microorganisms were
identified according to application instruction No.
075-0210 “Microbiological methods for the study
of biological material”, approved by the Ministry
of Health of the Republic of Belarus on March
13, 2010 [11].

Microbial biofilms were studied using previ-
ously developed methods [12]. The ability of the
obtained isolates to form the biofilm within 2

Table 1

Distribution of patients depending on the nosology

Nosology Number

of patients (%)

Traumatic brain injury 10 (10.1%)
Sepsis 4 (4.0%)
Pneumonia 17 (17.2%)
Chronic obstructive lung disease 3(3.0%)
Acute cerebrovascular accident 19 (19.2%)
Severe concomitant injury 8 (8.1%)
Acute arterial circulatory disorders 1(1.0%)
Myasthenia 2 (2.0%)
Aneurysm 1(1.0%)
Acute infectious lung destruction 5(5.1%)
Pancreatitis 12 (12.1%)
Cholelithiasis 1(1.0%)
Peritonitis 5(5.1%)
Soft tissue infection 8 (8.1%)
Brain infection 2 (2.0%)
Acute intestinal obstruction 1 (1.0%)
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days was determined, as well as the mass of the
formed microbial film with the method using a
96-well polystyrene plate. According to the data
obtained on the spectrophotometer, the average
optical density of the experimental samples was
calculated and the weight of the microbial bio-
film, expressed in mg/well, then using the table
the ability of the microorganism to form BF such
as low, moderate or high was determined. The
determination of the MIC value of antibiotics
was carried out by dilution in Muller-Hinton agar
[12]. The sensitivity of the isolate to antibiotics
was evaluated in accordance with the recommen-
dations of the European Committee for testing
antimicrobial resistance [13].

Part of the isolates was determined by real-time
PCR method. To determine DNA of Streptococ-
cus spp., Escherichia coli, Enterococcus faecalis,
Enterobacter spp., Enterococcus faecium, Klebsiella
spp., Proteus spp., Staphylococcus aureus, Serratia
spp., Pseudomonas aeruginosa, the reagent kit “Sep-
toskrin” (Russia) was used. To determine Litekh
the resistance genes for carbapenems (VIM, NDM,
0OXA-48, KPC) and cephalosporins (CTX-M),
“Fluoropol-RV” reagent kits in the “OneStep”
configuration were used. The result was evaluated
in the Bio Rad CFX Manager 3.0 program. In case
of accidental contamination of the sample, the con-
centration of the genetic material of the pathogen
was minimal and was located at the lower limit of
the method sensitivity.

Statistics

The obtained results were statistically
processed using Microsoft Excel 2007, Statistica
(Version 10, StatSoft Inc., USA, license No.
STA999K347156W). The normal distribution
was determined using the Shapiro-Wilk test.
In a distribution close to normal, parametric
methods of statistical analysis were used; the
values of the analyzed parameters in the groups
were presented as mean values and standard
deviations. For the distribution different from
normal, non-parametric methods of statistical
analysis were used; the results are presented as
a median indicating the lower 25th and upper
75th quartiles. The reliability of the intergroup
figures of the mean values was evaluated by
the Mann-Whitney test. When calculating the
statistical reliability of the compared values, we
assumed a significance level of p < 0.05. To study
the relationship between quantitative variables
when the distribution is different from normal,
Spearman’s rank correlation was used. The
significance level of p<0.05 meant a significant
correlation between the signs.
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Results

The severity of the patient's condition was as-
sessed according to the SAPS II scale during the first
24 hours after admission to the ICU. The level of
neurological status on the Glasgow coma scale owas
13 [8-15] points; systolic blood pressure 123.4+12.3
mmHg.; the number of leukocytes was 13.89£7.6
x10'2 per liter; HR - 84.3£15.6 beats per minute; 59
(59.6%) patients were on artificial lung ventilation;
sodium indicator was 140.3%8.7 mmol/I; potassium —
4.42+1.1 mmol/l; temperature — 37.620.9° C;
diuresis volume was 115.01+48.1 ml/hour; HCO3
indicator was 22.6+1.9 mmol/l, the level of urea
was 15.4%£14.2 mmol/l; 1 (1.0%) of the patients was
diagnosed with cancer. 55 (55.6%) patients died,
while the probability of an unfavorable prognosis
on the SAPS II scale was determined only in 23
(41.8%) of them.

75 isolates (33.5%) of K. pneumoniae was ob-
tained, 73 isolates (32.6%) of Acinetobacter spp., 33
isolates (14.7%) of P. aeruginosa, 22 isolates (9.8%)of
S. aureus, 5 isolates (2.2%) of Enterococcus faecium, 5
isolates (2.2%) of P. mirabilis, 3 isolates (1.3%) of E.
coli, 2 isolates (0.9%) of S. epidermidis, and 1 isolate
(0,4%) of S. haemolyticus. When DNA was isolated
from biological material by PCR, in all cases associa-
tions of microorganisms were isolated, despite the
fact that in 3 cases the absence of microflora growth
was determined by the bacteriological method. The

results are presented in tables 2 and 3.

When studying the ability to form a biofilm,
it was found out that 10 (45) isolates of 5. aureus
formed a biofilm intensively; 12 (54.5%) isolates
formed a biofilm moderately. 58 (76.3%) of
K. pneumoniae isolates intensively formed a biofilm
and 17 (32.7%) had a moderate ability to form a
biofilm. Most isolates of Acinetobacter spp. — 47
(63.5%) also formed a biofilm very well; 26 (35.1%)
isolates formed a biofilm moderately. The number
of P. aeruginosa isolates intensively forming the
biofilm was 21 (63.6%); the remaining part formed
a biofilm in a moderate degree — 14 (42.4%).

When analyzing the results of determining
the mass of the formed microbial biofilm, it was
found out that P. mirabilis (65.9 [65.1-71.8] g/well,;
p <0.05) had the highest ability among the stud-
ied isolates compared with other microorganisms.
P. aeruginosa isolates formed a biofilm weighing
44.7 [23.0-75.1] g / well, S. aureus — 35.4 [20.8-
68.0] g/well, K. pneumoniae — 35.2 [23.7-48.2] g/
well, Acinetobacter spp. — 29.4 [20.4-44.2] g/well.
The results are presented in Fig. 1.

The K. pneumoniae isolates were most sensi-
tive to tigecycline, both in the planktonic form
and in the composition of the biofilm (100% of
the sensitive isolates). 71 (94.7%) isolates in both
planktonic form and biofilm form turned out to be
carbapenem-resistant. The results are presented in
tables 4 and 5.

Table 2

Isolates identified by the bacteriological method and confirmed by polymerase chain reaction

Obtained isolates

The number of isolates identified by the

% PCR confirmed

bacteriological method (%) cases
K. pneumoniae 3(20%) 100%
*Acinetobacter spp. 1(6.7%) was not done
*Acinetobacter spp.+K. pneumoniae 1(6.7%) was not done
P. aeruginosa+K. pneumoniae 3(20%) 100%
S. aureus+K. pneumoniae 2 (13.4%) 100%
No isolates fourd 3(20%) 0%
Note: * identification of Acinetobacter spp. by PCR was not performed because of the lack of reagents.
Table 3

Microbial associations identified by polymerase chain reaction

Obtained isolates

Number (%)

S. aureus-+Streptococcus spp.
K. pneumoniae+E. coli+Streptococcus spp.
K. pneumoniae-+Streptococcus spp.

S. aureus+K. pneumoniae+Streptococcus spp.~+P. aeruginosa

S. aureus+K. pneumoniae+Streptococcus spp.+E. coli

K. pneumoniae+ Proteus spp.~+P. aeruginosa+S. aureus+Streptococcus spp.
K. pneumoniae+FE. coli+P. aeruginosa+S. aureus+ Streptococcus spp.

Streptococcus spp.+S. aureus+K. pneumoniae
Enterobacter spp.+ Streptococcus spp.

P.aeruginosa+Enterobacter spp.+Serratia spp.+E. coli+S. aureus+Proteus spp.~+Streptococcus spp.+

K. pneumoniae

1(6.7%)
1 (6.7%)
3(20%)
3(20%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
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Fig. 1. The mass of microbial biofilms g/well.

Table 4
The sensitivity of clinical isolates of K. pneumoniae in planktonic form

S, % 1,% R, % MIC,, MIC,,  Geometric mean of MIC Min/Max  Quartiles
Cefepime 0 0 100 172.3* 296.8* 165.2 4/256 256256
Ceftriaxone 0 0 100 144.6* 242.5% 198.3 2/256 256,256
Imipenem 53 0 94.7 269.4 489.1 99.2 4/256 64;256
Meropenem 0 53 947 224.4 398.1 132.7 4/256 128;256
Ciprofloxacin 5.3 0 94.7 2.9 5.1 10.7 0.25/32 4,32
Moxifloxacin 0 0 100 1.3 1.7 21.4 2/256 12;32
Tigecycline 100 0 0 1.4 1.2 0.8 0.25/1 0.75;1

Note: * for antibiotics, the upper limit of MIC,; and MIC,; was not determined; S — antibiotic sensitive isolates; I — antibiotic
moderately sensitive 1solates R — antibiotic non-sensitive 1solates MIC_, — minimum inhibitory concentration for 50% of iso-
lates; MIC,, - minimum 1nh1b1t0ry concentration for 90% of 1s01ates Geometric mean of MIC - geometric mean overwhelming
concentratlon Min/Max— The minimum antibiotic concentration in g / ml at which the isolate is sensitive to the antibiotic.

Table 5
The sensitivity of clinical isolates of K. pneumoniae in the composition of the biofilm

S, % I, % R,% MIC, MIC,, Geometric mean of MIC ~Min/Max  Quartiles
Cefepime 0 0 100 174.8* 301.6* 177.7 4/256 256256
Ceftriaxone 0 0 100 144.6* 242.5* 198.3 2/256 256256
Imipenem 0 53 947 321.8 579.0 51.4 2/256 24;256
Meropenem 0 53 947 87.4 130.3 103.4 4/128 128;128
Ciprofloxacin 5.3 0 94.7 2.8 5.1 12.4 0.25/32 4,32
Moxifloxacin 0 0 100 1.5 2.1 25.7 2/128 16;32
Tigecycline 100 0 0 1.4 1.2 1 0.5/2 1;1

Note: * for antibiotics, the upper limit of MIC,, and MIC,, was not determined; S — antibiotic sensitive isolates; I — antibiotic

moderately sensitive 1s01ates R — antibiotic non-sensitive 1soiates MIC,, — minimum inhibitory concentration for 50% of isolates;
IC,, - minimum mhlbltory concentration for 90% of 1solates Geometric mean of MIC - geometric mean overwhelmmg

concentration; Min/Max— The minimum antibiotic concentration in g / ml at which the isolate is sensitive to the antibiotic.

All 75 (100%) isolates in both forms were sen-
sitive to tigecycline (100%), showing resistance to
carbapenems in 71 cases (94.7%), to cephalospo-
rins — in 75 (100%) cases. For 90% of the studied
IPC isolates for tigecycline and ciprofloxacin in the
composition of biofilm forms does not change, but
increases for moxifloxacin 1.3 times and merope-
nem 1.2 times, which reduces the effectiveness of
antibacterial therapy.

The results are presented in Fig. 2.

32 (91.4%) of the investigated K. pneumoniae
clinical isolates possessed one or another resistance
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gene. The OXA-48 gene was most frequently iso-
lated in 20 (80%) cases, 17 (51.4%) of the isolates
had the CTX-M gene and 1 (2.86%) the NDM
gene. 12 (37.14%) immediately had 3 resistance
genes CTX-M, OXA-48, NDM, 1 (2.86%) — NDM
and CTX-M; 12 (37.1%) - NDM and OXA-48; 4
(11.4%) — CTX-M and OXA-48. The results are
presented in tables 6 and 7.

A positive correlation was found out between
the presence of any of the carbapenem resistance
genes and the phenotypic carbapenem resistance of
K. pneumoniae (r = 0.6, p <0.05).
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Fig. 2. The sensitivity of clinical isolates
of K. pneumoniae in planktonic form and in the composition of the biofilm.

Table 6
The presence of resistance genes in K. pneumoniae
Microorganism Total isolates VIM % NDM % 0OXA-48 % CTX-M %
K. pneumoniae 35 0 0 1 2,9 28 80 18 51.4
Note: VIM, NDM, OXA-48, CTX-M — resistance genes.
Table 7
Association of resistance genes in K. pneumoniae
Microorganism  Total NDM % NDM % NDM % CTX-M %
isolates OXA-48 CTX-M CTX-M OXA-48 OXA-48
K. pneumoniae 35 13 37.1 1 2.9 13 37.1 4 11.4
Note: VIM, NDM, OXA-48, CTX-M — resistance genes.
Discussion Conclusions

Enterobacteriacea and Acinetobacter spp. were
most frequently observed, which corresponds
to the data of domestic and foreign authors [1].
K. pneumoniae, being an important representative of
this family, is of great importance in the structure of
nosocomial pathogens. So far, starting therapy for
severe infections has been carbapenems, which has
led in many countries to the rapid spread of antibi-
otic resistance to this group of antibiotics, including
in the Republic of Belarus [6]. The main cause of
resistance was the production of carbapenemases
that inactivate B-lactam antibiotics [14]. At present,
molecular diagnostic methods are actively used,
which allow determining the formation mechanisms
of resistance to antibacterial drugs by the presence
of resistance genes. This allows optimizing the strat-
egy of antibiotic therapy and predicting resistance.
According to the results of the study, 94.7% of
the studied clinical isolates of K. pneumoniae were
also resistant to carbapenems that have 1 or more
resistance genes in their composition. Moreover,
microorganisms in the composition of biofilms have
higher rates of MIC, which makes it difficult for
an antibiotic to penetrate the site of infection [15].
MIC of the studied antibiotics in the composition
of biofilms increased for carbapenems, moxifloxacin
and did not change for tigecycline and ciprofloxacin.

1. In the structure of identified isolates, the
most frequent pathogens in the intensive care unit
were the representatives of K. prneumonia (33.5%)
and Acinetobacter spp. (32.6%). In 91.4% of the
studied clinical isolates of K. pneumoniae, the genes
responsible for antibiotic resistance to carbapenems
and cephalosporins were identified, and OXA-48
was the most frequently isolated gene for resistance
to carbapenems (80%).

2. All the examined isolates formed a biofilm
well or moderately. Among the studied microorgan-
isms in representatives of P. mirabilis, this ability is
most pronounced 65.9 [65.1-71.8] g / well.

3. Microorganisms in the composition of bio-
films become more resistant to antibiotics, which
leads to ineffectiveness from the prescribed antibi-
otic therapy.

4. PCR diagnostics is a promising method of
microbiological identification, which allows geting
results in 4 hours, which is extremely important
for the rapid appointment of rational antibacterial
therapy in the intensive care unit.

5. It had been established that for the treat-
ment of infections, the etiological factor of which
is K. pneumonia resistant to carbapenems, tige-
cyclin can be used based on the microbiological
approach.
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