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SUMMARY

Introduction/Objective In the era of emerging antibacterial resistance, the major burden of resistant
strains is on hospitalized patients. Although community factors are also important in the spread of
resistance, less attention has been paid to non-healthcare settings.

The aim of the study is to determine the prevalence of vancomycin-resistant enterococci (VRE) in the
outpatient’s urine culture and to perform phenotypic and genotypic characterization of VRE strains.
Methods During an 18-month period, a total of 5,164 Enterococcus spp. strains were isolated from urine
and identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Antimicro-
bial susceptibility testing was performed by disk diffusion method and by gradient test for glycopeptide-
resistant strains. Genotypic characterization of VRE strains was done by multiplex polymerase chain
reaction for the detection of the vancomycin resistance genes.

Results Among the isolated enterococci, 5,060 (98%) were E. faecalis and 104 (2%) were E. faecium. E.
faecalis strains were susceptible to all tested antibiotics except norfloxacin (33% of strains were resistant),
while E. faecium showed high level of resistance to most of the tested agents (91.3% to ampicillin, 77% to
norfloxacin, and 75% to nitrofurantoin), and 26% of strains were resistant to vancomycin and teicoplanin.
VanA gene was detected in all vancomycin resistant E. faecium (VREfm) strains.

Conclusion A high proportion of VREfm was noticed among outpatients in our country. All analyzed
VREfm strains belonged to vanA genotype. Future surveillance studies of VRE are needed to follow up on
this baseline study to monitor any possible changes in abundance and genotype of VRE in this popula-

tion group.
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INTRODUCTION

Enterococcus spp. are not generally regarded as
highly virulent bacterial pathogens. These bac-
teria are part of normal intestinal flora of both
humans and animals, and can cause vast major-
ity of human infections, such as: urinary tract
infections, bacteremia, endocarditis and, less
frequently, infections of other sites (wounds,
bones, meninges, etc.). Enterococcus faecalis is
the most common isolated species of Entero-
coccus spp., but in the last couple of decades,
Enterococcus faecium has caused a substantial
proportion of enterococcal infections, espe-
cially in hospital settings [1, 2].

Enterococci have emerged as important
nosocomial pathogens. The major reason for
this is the trend of increasing antimicrobial
resistance seen in these organisms [2]. One of
the main reasons why these organisms have
survived in the hospital environment is their
intrinsic resistance to commonly used antibiot-
ics and, perhaps more importantly, their ability
to acquire resistance to all currently available
antibiotics, either by mutation or by receipt of
foreign genetic material through the transfer
of plasmids and transposons [3]. In the past
decade, antibiotic resistance has been increas-

ingly identified in the community. Although
community factors are also important in the
spread of resistance, less attention has been
paid to non-healthcare settings [4]. Commu-
nity-acquired infections account for the major-
ity of prescribed antibiotics, very often wide-
spectrum antibiotic therapy, which increases
the rate of multidrug-resistant bacteria, e.g.
multidrug-resistant enterococci strains isolated
from urine culture [5, 6, 7]. The emergence of
vancomycin-resistant enterococci (VRE) in the
community has emphasized the non-existence
of boundaries between hospitals, between peo-
ple and animals, between countries, and prob-
ably between continents [8].

The aim of the study is to determine the
prevalence of vancomycin-resistant enterococci
(VRE) in outpatients’ urine culture and to per-
form phenotypic and genotypic characteriza-
tion of VRE strains.

METHODS
Bacterial strains

From February 2014 to July 2015, a total of
53,348 urine samples were analyzed in our
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laboratory. In accordance with European guideline rec-
ommendations [9], 5,164 clinically significant enterococci
strains were included in this study. If there was more than
one sample per patient, only the first isolated strain was
included. Identification was performed by matrix-assisted
laser desorption/ionization time-of-flight mass spectrom-
etry (MALDI-TOF MS) (Vitek MS°®, bioMerieux, Marcy-
I’Etoile, France).

Antimicrobial susceptibility testing

The antimicrobial susceptibility testing was done by Kir-
by-Bauer disk diffusion method using the following disks
(Bio-Rad Laboratories, Inc., Hercules, CA, USA): ampicil-
lin (2 pg), norfloxacin (10 pg), nitrofurantoin (100 pug),
vancomycin (5 pg), and teicoplanin (30 pg). Minimum
inhibitory concentration (MIC) in glycopeptides resistant
strains was determined by gradient test (E-test, bioM-
erieux) for vancomycin and teicoplanin. The results were
interpreted and quality control was done in accordance
with the European Committee on Antimicrobial Suscep-
tibility Testing (EUCAST) recommendations from 2015
[10, 11].

Multiplex polymerase chain reaction

Genotypic identification and determination of glycopep-
tide resistance genotype was done by multiplex polymerase
chain reaction (PCR). For identification, detection of the
genes encoding D-alanine-D-alanine ligases specific for
E. faecium (ddl, fmmm) and for E. faecalis (ddl, famh.s) was
performed. For detection of the vancomycin resistance
genes, the attempt was made to identify the commonest
ones, i.e., vanA, vanB, and vanC genotypes (vanCl gene or
vanC2/C3 gene) [12, 13]. E. faecium BM4147 (vanA posi-
tive strain) was used as a positive control strain.

The PCR conditions and the primers used for the geno-
typic characterization of vancomycin resistant strains were
as previously described [14-17]. The following pairs of
primers were used: for ddl, . F (5-GCAAGGCTTCT-
TAGAGA-3’), ddl, fmumR (5-CATCGTGTAAGC-
TAACTTC-3), ddl, ,,,,.F (5-ATCAAGTACAGT-
TAGTCTT-3"), ddl, . ..R (5-ACGATTCAAAGC-
TAACTG-3’), vanAF (5 -GGAAAACGACAATTGC-
TATT-3’), vanAR (5-GTACAATGCGGCCGTTA-3),
VanBF (5-ACTGGCCTACATTCTTACA-3’), VanBR
(5-AGCGTTTAGTTCTTCCGT-3’), vanCIF (5-TCTC-
CAGAATACTCAGTGT-3’), vanCIR (5-ACATGGCAAC-
CAACATAAG-3’), vanC2/C3F (5-CCTCAAAAGGGAT-
CACTAA-3), vanC2/C3R (5-TCTTGATAGGATAAGCC-
GA-3)).

Statistical analysis
The data obtained in this study were analyzed in the SPSS
statistical program (PASW statistics for Windows, Ver-

sion 18.0, SPSS Inc., Chicago, IL, USA) using methods of
descriptive statistics and y* test.
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RESULTS

Among isolated enterococci, 5,060 (98%) strains were E.
faecalis and 104 (2%) strains were E. faecium.

E. faecalis strains were susceptible to all tested antibac-
terial agents, except 33% of strains that were resistant to
norfloxacin, which is used for fluoroquinolones resistance
screening according to EUCAST recommendations (Table
1). Among tested E. faecium strains, 91.3% were resistant to
ampicillin, 77% to norfloxacin, 75% to nitrofurantoin and
26% to vancomycin and teicoplanin, respectively (Table 1).

MIC for vancomycin among all detected vancomycin re-
sistant E. faecium (VREfm) strains was higher than 256 pg/ml
and for teicoplanin it was in the 8-256 pg/ml range (Figure 1).

Out of 27 strains of VREfm subjected to multiplex PCR
for detecting vancomycin resistance genes, all strains were
found to possess the vanA gene (Figure 2).

Table 1. Antibiotic susceptibility of enterococci isolated from the urine
of outpatients

Antibiotics Enterococcus faecalis Enterococcus faecium
(n =5,060) (n=104)
Susceptible | Resistant | Susceptible | Resistant
Ampicillin 5,060 (100%) | 0 (0%) 9 (8 7%) | 95(91.3%)
Nitrofurantoin | 5,060 (100%) | 0 (0%) 6 (25%) 78 (75%)
Norfloxacin 3,390 (67%) | 1,670(33%) | 24 (23%) 80 (77%)
Vancomycin | 5,060 (100%) | 0 (0%) 7 (74%) 27 (26%)
Teicoplanin 5,060 (100%) | 0 (0%) 77 (74%) 27 (26%)
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Figure 1. Glycopeptides MIC Distribution for VREfm strains
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Figure 2. Gel electrophoresis of amplified products by PCR for van-
comycin resistance genes; M — Gene Ruler Low range DNA Ladder
(Thermo Scientific); PC - positive control for vanA gene; NC — negative
control VanA gene; lines 1-4 positive for vanA gene (731 bp), ddl, ..,
D-alanine-D-alanine ligases E.faecium (550 bp)
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Incidence of vanA gene was significantly higher in all
strains of VREfm compared to vanB and vanC genotypes
(p < 0.001).

DISCUSSION

For accurate interpretation of antimicrobial resistance
data, especially for glycopeptides, precise species iden-
tification is necessary. When interpreting the MIC/disk
diffusion results, it is important to ensure that isolate is
not E. casselifalvus or E. gallinarum, species that possess
intrinsic resistance to glycopeptides. Furthermore, despite
the number of studies on antibiotic-resistance in entero-
cocci from Serbian clinical settings, there were no data
about prevalence of VRE in the outpatients’ settings in our
country [18, 19, 20]. The results of the Central Asian and
Eastern European Surveillance of Antimicrobial Resistance
(CAESAR network) [7] showed high level of resistance to
aminopenicillins among E. faecalis and E. faecium (41%
and 94%, respectively). This result may reflect problems
with species identification (comprising E. faecium, which
is commonly resistant to aminopenicillins), rather than
true high resistance in E. faecalis. On the other hand, high
level of VREfm among invasive isolates in Serbia (75%)
may indicate difficulty in distinguishing E. faecium from E.
casseliflavus and E. gallinarum. The application of the latest
methods for identification such as MALDI-TOF MS or
molecular methods, overcomes this problem [21]. There-
fore, MALDI-TOF MS, as the most reliable phenotypic
method for bacterial identification, was used in this study.

Antimicrobial resistance data in our study indicates
overall significant level of multidrug-resistant E. faecium
among enterococci in outpatients’ urine culture, with 26%
of VREfm strains. Comparing the results with other studies
[22, 23], where no VREfm was detected, it can be con-
cluded that increasing antibiotics resistance in community
settings is a current trend.

Two principal phenotypes of acquired inducible van-
comycin resistance have been described, VanA and VanB,
encoded by two distinct gene clusters, the vanA and vanB
clusters, respectively, which are carried on transposons
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deHOTMNCKA U reHOTUNCKA KapaKTepu3aLuja eHTEPOKOKA Pe3UCTEHTHUX
Ha BAHKOMMLIUH, U30/10BaHUX M3 YPUHA BaHOONTHUUKMX BoNecHUKa

CHexaHa bpkuh', Mpeppar byrapuh', Oputa Tonanos', iBaHa hirpkosui?

13aBog 3a nabopatopujcky aujarHocTuky ,KoHsunujym’, beorpag, Cpbuija;
2YHnsep3utet y beorpapy, MeanunHcki dakyntet, MIHCTUTYT 3a MuKpobronorujy u umyHonorujy, beorpag, Cpbuja

CAMETAK

Yeoa/Unm Y epy aHTUMUKPOGHE pe3ncTeHuyje Hajeehn 6poj
PEe3VCTEHTHMX COjeBa NOTHYe O XOCMUTANN30BaHNX 6onecHU-
Ka. Mlako cy BaH60NHNYKM GaKTOPU BaXHW Y LIMPEHY Pe3NCTEH-
Lmje, Makbe Naxtbe ce NoKnaka ambynaHTHIM 6onecHuLMMa.
Linmb papa je oppehrBatbe yuectanocT eHeTepoKoKa pesmnc-
TEHTHUX Ha BaHKOMULWH (VRE) y ypUHOKYNTYpY BaHOOTHNYKIX
60necHrKa 1 1xoBa GEHOTUMCKa 1 FEHOTUMNCKa KapaKkTepu-
3aumja.

Metopa Tokom nepuopa of 18 meceun yKynHo 5.164 eHTepoko-
Ka je M30/10BaHO U3 yprHa 1 uaeHTuduKoBaHo metogom MALDI-
TOF MS. OceT/b/BOCT Ha aHTUMUKPOGHe areHce je ogpeheHa
ANcK-andy3noHOM MeTOLOM U E-TECTOM 3a COojeBe pe3nCTEHTHE
Ha rnrKonenTtugHe aHTM6UOTYKe. lfeHoTMnMu3auwja VRE cojeBa
je nsspera myntunnekc PCR metogom.

DOI: https://doi.org/10.2298/SARH160411035B

PesynTatn Mehy 130noBaH1M eHTepoKoKama, E. faecalis ynHn
98% cojeBa, 0CET/bUBYIX Ha BERMHY NCNTVBAHVX aHTNOMOTMKA
13y3eB HopdoKcaLmHa (33% cojesa je 610 PE3UCTEHTHO), AOK
E. faecium unHn 2% cojeBa, Kojv NoKasyjy BUCOK HNBO Pe3NC-
TeHumje Ha BehuHy TecTrpaHux aHTn6moTrKa (91.3% cojeBa
je 610 pe3nCTeHTHO Ha aMNULMAVH, 77% Ha HopdnoKcaLnH
1 75% Ha HUTPOPYPaHTOMH), fOK je 26% cojeBa Pe3UCTEHTHO
Ha BaHKOMULVH 1 TemKornaHuH. Kog cBux cojesa E. faecium
pe3nCTeHTHUX Ha BaHKoMULMH (VREfm) yTBpHeHo je npucyctso
VanA rena.

3ak/byyak Mehy BaHO0HWYKIM 6onecHULIMa Y HaLLOj 3eMibi
yTBphHEH je BUCOK cTeneH ydyecTanocTtn VREfm, wro ykasyje Ha
HEOMNXOZHOCT CTa/IHOT Mpaheka aHTUMMKPOGOHE pe3ncTeHuje
'y OBOj MOMY/ALMOHO]j rpymnu.

KmyuHe peun: VRE; ypuiH; BaHOONHUYKM BonecHuLm

Srp Arh Celok Lek. 2017 May-Jun;145(5-6):285-288



