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INTRODUCTION 

Enterococci are common members of the human gastroin-
testinal microbiota. They represent a group of Gram-positive 
facultative anaerobes capable of survival in the presence 
of unfavourable environmental conditions, including high 
salt concentrations and elevated temperatures [1-3]. These 
bacteria are also able to resist chemical stress induced  
by chlorine and alcohol-based disinfectants [4] and quickly 
adapt to a changing environment [5]. The intrinsic properties 
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of enterococci confer the ability to resist host defences and 
to compete in the intestinal tract, which subsequently leads 
to persistence and spread in the environment, hence favour-
ing colonization of new hosts [6].

In spite of the fact that the inherent virulence potential  
of enterococci lags behind that of the more pathogenic strep-
tococci, during the past few decades, they have emerged as 
important healthcare-associated pathogens [1,4]. Indeed, 
enterococci have gained the position of the leading ������oppor-
tunistic pathogens, especially in elderly, multimorbid, 
critically ill and immunocompromised populations [1,2,5]. 
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The increasing significance of enterococci as healthcare-associated pathogens can be 
linked to their limited susceptibility to antibiotics.
In this study, phenotypic and genotypic resistance profiles of 35 [n=18 E. faecium (Efm); 
n=17 E. faecalis (Efs)] invasive isolates cultured from hospitalized patients were analysed. 
Phenotypic identification was verified by the multiplex PCR targeting the 16S rDNA and 
the ddl genes encoding for the Efs and Efm – specific ligases. Antimicrobial susceptibility 
was determined using the disc diffusion method and E-tests. The high-level streptomycin 
resistance (HLSR), high-level gentamicin resistance (HLGR) and glycopeptide resistance 
was verified by amplification of the ant(6)-Ia, aac(6’)-Ie-aph(2’’)-Ia, as well as vanA and 
vanB genes, respectively.
More than 70% of all isolates were cultured from patients in the Intensive Care and 
Internal Medicine Units. Blood was the predominant (77%) site of isolation. All Efm 
isolates were resistant to ampicillin, imipenem, and norfloxacin; 17 isolates demonstrated 
high-level aminoglycoside resistance (HLAR), including 27.7% with HLSR, 38.8% with 
HLGR and 27.7% with both phenotypes. HLAR was also common in Efs (HLSR>70%, 
HLGR>50%), followed by norfloxacin (64.7%) and ampicillin (11.7%) resistance. The 
ant(6)-Ia and aac(6’)-Ie-aph(2’’)-Ia genes were detected in >90% of the HLSR and HLGR 
isolates, respectively. Glycopeptide resistance was detected in 4 (22.2%) Efm isolates and 
mediated by the vanA gene. 19 (54.3%) isolates were multidrug resistant, including 17 
(89.5%) Efm. All isolates were susceptible to linezolid.
The study constitutes a contribution to the analysis of enterococcal antimicrobial resistance 
in Polish hospitals. The monitoring of enterococcal prevalence and antimicrobial 
resistance is crucial to control and prevent infections.
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According to Miller et al. [2], in the timeframe between 
2015 and 2017, enterococci were reported as the second 
leading cause of healthcare-associated infections (HAI) 
overall, including their leading role in the etiology of central 
line-associated bloodstream infections in long-term acute 
care hospitals and in oncology units. Infections of enterococ-
cal etiology typically manifest as urinary tract infections, 
bacteremia, intra-abdominal infections, endocarditis as well 
as skin, soft tissue infections and device infections [2,6,7]. 
Their increasing clinical significance can be ascribed to their 
durable and commensal nature [2,7], but the real challenge 
that overshadows the treatment is a limited susceptibility 
to antibiotics, due to both intrinsic and acquired antibiotic 
resistance [6]. 

Enterococcus faecalis and Enterococcus faecium repre-
sent two most clinically relevant enterococcal species [7,8]. 
They demonstrate intrinsic resistance to cephalosporins, low 
levels of aminoglycosides, clindamycin and trimethoprim-
sulfamethoxazole. In addition, due to a remarkably plastic 
genome, the two species have been able to readily acquire 
resistance to further antimicrobial agents, including high-
level aminoglycoside resistance (HLAR), high-level ampi-
cillin resistance and vancomycin resistance (vancomycin-
resistant enterococci, VRE). The acquired resistance pheno-
types develop as a result of mutation or a horizontal transfer 
of genetic elements harboring resistance determinants [7,9]. 
Moreover, resistance to newer antibiotics, such as daptomy-
cin and oxazolidinones continues to emerge [2,10], with the 
latest threat and therapeutic dilemma being the multidrug-
resistant (MDR) E. faecium [4,5]. E. faecium has been clas-
sified as one of the microbes that “escape” antibiotic treat-
ment, hence, it has been included in the acronym ESKAPE 
(Enterococcus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumanii, Pseudomonas aeru-
ginosa, Enterobacter spp.) among other important MDR 
bacteria involved in HAI [8,11]. 

There have been relatively few literature data raising the 
problem of enterococcal antibiotic resistance in Poland, with 
the most recent reports being by Chmielarczyk et al. (2021) 
[12], Krawczyk et al. (2020) [9], Kamińska et al. (2019) 
[3], Talaga-Ćwiertnia & Bulanda (2018) [11], Talaga et al. 
(2018) [13], and Gawryszewska et al. (2017, 2016) [14,15].

AIM 

The aim of the study was to characterize phenotypic and 
genotypic resistance profiles of 35 invasive enterococcal 
isolates cultured from patients hospitalized in the Provincial 
Specialist Hospital in Lublin, Poland. 

MATERIALS AND METHODS

Phenotypic identification of the isolates, antimicrobial 
susceptibility testing 

The study included 35 clinically significant enterococal 
isolates collected in the Stefan Kardynał Wyszyński Pro-
vincial Specialist Hospital in Lublin, Poland, in the period 
between October 2020 and March 2021 in passive surveil-
lance. The isolates were cultured from 20 male and 15 
female patients (one isolate per patient). The age of patients 

ranged from 45 to 97 years (mean age: 71.5 years). Informa-
tion regarding the patients, as well as the types of clinical 
samples from which enterococci were cultured and hospital 
wards in which the infected patients were hospitalized are 
included in Table 1.

Identification of the isolates to the species level was 
performed in the hospital laboratory using standard micro-
biological methods, including the BD PhoenixTM (Becton 
Dickinson, USA) automatic system. Antimicrobial suscepti-
bility of the isolates was determined using the disc diffusion 
method and E-tests, and interpreted according to recom-
mendations of the European Committee on the Antibiotic 
Susceptibility Testing (EUCAST, v.11.0). The susceptibility 
testing included discs impregnated with ampicillin (2 μg), 
gentamicin (30 μg) (Oxoid, England), imipenem (10 μg), 
norfloxacin (10 μg), linezolid (10 μg), streptomycin (300 
μg), vancomycin (5 μg) and teicoplanin (30 μg) (Becton, 
Dickinson and Company, USA), and E-tests containing 
teicoplanin (0,016-256 mg/L), streptomycin (0,064-1024 
mg/L), gentamicin (0,016-256 mg/L) and vancomycin 
(0,016-256 mg/L) (Liofilchem, Italy).

The HLAR phenotype was subcategorized into the high-
level gentamicin resistance (HLGR) and high-level strepto-
mycin resistance (HLSR). The presence of HLGR and HLSR 
phenotypes was detected using the disc diffusion method, 
and verified using E-tests. According to the EUCAST rec-
ommendations, HLGR is defined if the gentamicin MIC 
value is >128 mg/L or the zone of inhibition around the 
disc with gentamicin is <8 mm, while HLSR is defined if 
the streptomycin MIC value is >512 mg/L or the zone of 
inhibition around the disc with streptomycin is <14 mm. The 
HLGR phenotype is consistent with bacterial resistance to 
all aminoglycosides with the exception of streptomycin and 
is tantamount to the loss of the synergy between aminogly-
cosides and beta-lactams or glycopeptides in the therapy. 
HLSR phenotype is consistent with bacterial resistance to 
streptomycin and is tantamount to the loss of the synergy 
between the drug and beta-lactams or glycopeptides in the 
therapy.

Reference strains represented by E. faecalis ATCC 29212 
(wild type, fully susceptible) and E. faecalis ATCC 51299 
[HLAR, VRE phenotypes; genotype: ant(6)-I, aac(6’) 
aph(2”), vanB] were used as quality controls. 

Molecular identification of the isolates, detection  
of antimicrobial resistance genes

Phenotypic identification of the isolates was verified 
by the multiplex PCR reaction targeting the 16S rDNA 
region (to serve as a positive control for the amplifica-
tion of the DNA sample in the PCR reaction) and the ddl 
genes encoding for the D-Ala:D-Ala ligases specific for  
E. faecalis and E. faecium (ddlE. faecalis and ddl E. faecium, respec-
tively). HLGR was detected by amplification of the aac(6’)-
Ie-aph(2’’)-Ia gene which encodes a bifunctional amino-
glycoside modifying enzyme/AME designated AAC(6’)-
APH(2”)-Ia. HLSR was ascertained by amplification of 
the ant(6)-Ia gene encoding for the monofunctional AME, 
6-nucleotidylotransferase I (ANT(6)-I). Vancomycin resis-
tance was established using primers designed to amplify the 
vanA and vanB genes involved in the modification of the 
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antibiotic binding site and linked to high-level vancomycin 
and teicoplanin resistance and vancomycin resistance only, 
respectively.

Primers used in the molecular analysis were synthesized 
by Genomed (Poland). Total bacterial DNA was prepared 
by a rapid lysis method. Briefly, enterococcal colonies 
grown on the blood agar medium were collected with an 
inoculation loop and suspended in 150 µl of water. The 
solution was incubated at 95°C for 10 minutes, followed 
by 10 min. incubation in an ultrasonic bath. The solution 

was then centrifuged for 5 min. at 
a maximum speed and the superna-
tant was transferred to a new tube. 
Primer sequences and amplifica-
tion conditions used in the PCR 
assays are shown in Table 2.

The multiplex PCR assay for 
the identification of the species was 
performed in a final volume of 25 
µl containing DNA as template, 
0.1 µM of each primer, 0.1 mM of 
dNTPs, 0.625 U of the Taq DNA 
polymerase, 2 µl of the buffer, and 
1.5 mM of MgCl2.

The PCR assays for the vanA, 
vanB, aac(6’)-Ie-aph(2”)-Ia and 
ant(6)-Ia genes were performed in 
a final volume of 20 µl containing 
DNA as template, 0.2 µM of each 
primer, 0.2 mM of dNTPs, 0.5 U of 
the Taq DNA polymerase, 2 µl of 
the buffer and 1.5 mM of MgCl2.

Amplification products were 
analyzed by 2% agarose gel 
electrophoresis.

RESULTS

Phenotypic identification of 
enterococcal isolates to the species 
level using the BD Phoenix system 
was verified by the multiplex PCR 
reaction and confirmed in 34 
(97.1%) out of the 35 analysed 
isolates, as phenotypic and molec-
ular identification gave discrepant 
results for the isolate no. E21. The 
BD Phoenix system identified the 
isolate as E. faecium, whereas the 
PCR reaction gave a positive result 
for the E. faecalis – specific ligase 
(ddlE. faecalis). Hence, the overall 
number of enterococcal isolates 
investigated in the study included 
18 isolates of E. faecium and 17 
isolates of E. faecalis. The repre-
sentative results of the molecular 
identification of the isolates are 
provided in Table 1 and in Figure 1.

The majority of enterococcal 
isolates were isolated from patients hospitalized in the 
Intensive Care Unit/ICU (12 isolates/34.3%) and the Internal 
Medicine Unit/IMU (13 isolates/37.1%). We observed  
a greater prevalence of E. faecium compared to E. faecalis 
in these hospital wards (7 vs. 5 isolates and 9 vs. 4 isolates, 
respectively). E. faecalis was isolated more frequently  
in other hospital wards, including the Alergology and 
Lung Diseases, Cardiology, Nephrology and Surgery Units  
(Table 1).

Table 1. Characterization of enterococcal isolates analysed in the study, including their 
phenotypic and genotypic antibiotic resistance profiles

Patient no. 
(gender, age)

Strain 
no.

Site of 
isolation Hospital ward Molecular 

identification
Phenotypic 

resistance profile
Genotypic resistance 

profile

1. (M, 80) E1 Blood Intensive Care Unit E. faecium AMP, IPM, NOR, 
HLSR * ant(6)-Ia

2. (F,79) E2 Blood Allergology and 
Lung Diseases Unit E. faecalis NOR, HLSR ant(6)-Ia

3. (F, 68) E3 Urine Internal Medicine 
Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia, 

aac(6’)-Ie-aph(2’’)-Ia

4. (F, 78) E4 Blood Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

5. (F, 61) E5 Blood Intensive Care Unit E. faecium AMP, IPM, NOR, 
HLSR * ant(6)-Ia

6. (F, 68) E6 Blood Intensive Care Unit E. faecium AMP, IPM, NOR, 
HLSR * ant(6)-Ia

7. (M, 69) E7 Urine Internal Medicine 
Unit E. faecalis AMP, NOR, HLSR, 

HLGR *
ant(6)-Ia,

 aac(6’)-Ie-aph(2’’)-Ia

8. (M, 63) E8 Blood Nephrology Unit E. faecium AMP, IPM, NOR, 
HLSR * ant(6)-Ia

9. (F, 63) E9 Wound Surgery Unit E. faecalis fully susceptible -
10. (M, 45) E10 Blood Cardiology Unit E. faecalis fully susceptible -
11. (M, 40) E11 Wound Intensive Care Unit E. faecium

AMP, IPM, NOR, 
HLSR, HLGR, VA, 

TEC *

ant(6)-Ia,
aac(6’)-Ie-aph(2’’)-Ia,

vanA

12. (M, 47) E12 Blood Intensive Care Unit E. faecium AMP, IPM, NOR, 
HLSR * -

13. (M, 48) E13 Blood Intensive Care Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia,
 aac(6’)-Ie-aph(2’’)-Ia

14. (F, 76) E14 Blood Intensive Care Unit E. faecium AMP, IPM, NOR, 
HLGR, VA, TEC *

aac(6’)-Ie-aph(2’’)-Ia, 
vanA

15. (M, 65) E15 Blood Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

16. (F, 85) E16 Blood Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

17. (F, 86) E17 Blood Internal Medicine 
Unit E. faecium

AMP, IPM, NOR, 
HLSR, HLGR, VA, 

TEC *
ant(6)-Ia, vanA

18. (F, 77) E18 Blood Intensive Care Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia, 
aac(6’)-Ie-aph(2’’)-Ia

19. (F, 76) E19 Urine Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLSR, HLGR *
ant(6)-Ia, 

aac(6’)-Ie-aph(2’’)-Ia

20. (M, 74) E20 Urine Allergology and 
Lung Diseases Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

21. (F, 56) E21 Blood Intensive Care Unit E. faecalis AMP, IPM, NOR, 
HLSR, HLGR *

ant(6)-Ia, 
aac(6’)-Ie-aph(2’’)-Ia

22. (M, 81) E22 Blood Intensive Care Unit E. faecium AMP, IPM, NOR -
23. (M, 97) E23 Blood Internal Medicine 

Unit E. faecium AMP, IPM, NOR, 
HLSR, HLGR * aac(6’)-Ie-aph(2’’)-Ia

24. (M, 75) E24 Blood Allergology and 
Lung Diseases Unit E. faecalis NOR, HLSR ant(6)-Ia

25. (F, 78) E25 Blood Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

26. (M, 91) E26 Blood Cardiology Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia, 
aac(6’)-Ie-aph(2’’)-Ia

27. (M, 73) E27 Blood Internal Medicine 
Unit E. faecalis fully susceptible -

28. (M, 66) E28 Blood Allergology and 
Lung Diseases Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia, 

aac(6’)-Ie-aph(2’’)-Ia

29. (M, 75) E29 Blood Allergology and 
Lung Diseases Unit E. faecalis NOR, HLSR ant(6)-Ia

30. (M, 86) E30 Urine Internal Medicine 
Unit E. faecalis NOR, HLSR, HLGR ant(6)-Ia,

 aac(6’)-Ie-aph(2’’)-Ia

31. (F, 85) E31 Blood Internal Medicine 
Unit E. faecium AMP, IPM, NOR, 

HLGR * aac(6’)-Ie-aph(2’’)-Ia

32. (M, 67) E32 Blood Intensive Care Unit E. faecalis fully susceptible -
33. (F, 80) E33 Urine Internal Medicine 

Unit E. faecium
AMP, IPM, NOR, 

HLSR, HLGR, VA, 
TEC *

ant(6)-Ia
 aac(6’)-Ie-aph(2’’)-Ia,

 vanA

34. (M, 81) E34 Blood Nephrology Unit E. faecalis HLSR, HLGR ant(6)-Ia

35. (M, 66) E35 Blood Intensive Care Unit E. faecalis fully susceptible -
Abbreviations: M – male; F – female; AMP – ampicillin; IPM – imipenem; NOR – norfloxacin; HLSR – high 
level streptomycin resistance; HLGR – high level gentamycin resistance; VA – vancomycin; TEC – teicoplanin;  
* – MDR isolate
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The predominant site of isolation of the bacteria 
was blood (27 isolates/77.1%), followed by urine (6 
isolates/17.1%) and wounds (2 isolates/5.7%) (Table 1). 
The frequency of E. faecium and E. faecalis isolation from 
clinical specimens did not reveal major differences or was 
even equal. The data is as follows: blood – 14 isolates vs. 12, 
urine – 3 isolates vs. 3, wounds – 1 isolate vs. 1, respectively. 

 

 
M – ladder; 2912 – reference E. faecalis strain (ATCC 29212); E8, E11, E12 – 
clinical E. faecium isolates; E9, E10 – clinical E. faecalis isolates

Figure 1. Identification of enterococcal isolates analysed in the 
study using the multiplex PCR assay 

Antimicrobial susceptibility testing results

Phenotypic and genotypic antimicrobial resistance 
profiles of the analysed isolates are shown in Table 1. 

Enterococcal isolates demonstrated the highest rate of 
resistance against norfloxacin and, consequently, to related 
fluoroquinolones. As many as 29 (82.9%) isolates were nor-
floxacin-resistant, including 18 (100%) E. faecium isolates 
and 11 (64.7%) E. faecalis. According to the EUCAST rec-
ommendations, the disc diffusion test with norfloxacin can 
be used to screen for fluoroquinolone resistance. Ciprofloxa-
cin and levofloxacin susceptibilities can be inferred from the 
norfloxacin susceptibility. However, there are no clinical 
breakpoints for Enterococcus spp. and moxifloxacin, which 

has been used for oral step-
down treatment of endocardi-
tis caused by Enterococcus spp. 
According to the EUCAST, the 
norfloxacin disk diffusion test 
or the moxifloxacin minimum 
inhibitory concentration (MIC) 
epidemiological cutoff value 
(ECOFF) (1 mg/L) can be used 
to screen for resistance mecha-
nisms. When screen negative, 
the isolate should be reported 
“wild type” or “devoid of fluo-
roquinolone resistance mecha-
nisms”, but not as “susceptible 
to moxifloxacin”. 

Aminoglycoside resistance 
also occurred frequently among 

the analysed isolates. The HLSR phenotype was detected in 
22 (62.9%) isolates, including 12 (70.5%) E. faecalis and 10 
(58.8%) E. faecium isolates. In all HLSR-positive enteroco-
cal isolates, the MIC value for the antibiotic exceeded 1024 
mg/l. The HLGR phenotype occurred in 21 (60%) isolates, 
including 12 (66.6%) E. faecium and 9 (52.9%) E. faecalis. 
In all HLGR-positive enterococal isolates, the MIC value 
for the antibiotic exceeded 256 mg/l. As many as 14 (40%) 
isolates were both HLSR and HLGR- positive, including 9 
E. faecalis and 5 E. faecium isolates. 

The HLAR phenotype detection was subsequently 
verified by the PCR detection of the ant(6)-Ia and aac(6’)-
Ie-aph(2’’)-Ia genes encoding for the enzymes involved in 
the enzymatic modification of streptomycin and gentamicin, 
respectively (Figure 2). 

Twenty out of the 22 HLSR isolates (90.9%) and 19 out 
of the 21 HLGR isolates (90.4%) were the ant(6)-Ia and 
aac(6’)-Ie-aph(2’’)-Ia – positive, respectively (Table 1). As 
mentioned above, 40% of the HLAR isolates were both 
HLSR and HLGR – positive, and both resistance genes were 
detectable in 11 (78.5%) of them. 

In the remaining isolates demonstrating HLAR pheno-
typically, but negative for the corresponding genes in the 
PCR assay (isolates no. E12, E17, E23, E34), other molecu-
lar mechanisms were most probably responsible for ami-
noglycoside resistance, including another type of enzyme 
capable of drug modification (HLSR/HLGR) or mutational 
modification of the 30S ribosomal subunit (HLSR). 

Beta-lactam resistance in the analysed isolates was 
verified in terms of ampicillin- and imipenem resistance. 
It should be emphasized that 18 (100%) investigated  
E. faecium isolates were ampicillin resistant, whereas this 
type resistance was observed in only two (11.7%) out of the 17  
E. faecalis. According to the EUCAST, ampicillin suscep-
tibility result is tantamount to susceptibility to ampicillin, 
amoxicillin and piperacillin (with and without beta-lacta-
mase inhibitor). Imipenem resistance was observed in all  
E. faecium isolates and only one E. faecalis. All isolates 
resistant to imipenem were simultaneously resistant to 
ampicillin. 

Glycopeptide resistance was detected in a minority (n=4) 
of the isolates represented alone by E. faecium. The overall 

Table 2. Primer sequences, amplification conditions and sizes of the relevant PCR products used 
in the study

Amplified gene Primer sequence Amplification conditions  
(no. of cycles)

PCR product 
size Reference

ddl E. faecalis
F: 5’-ATCAAGTACAGTTAGTCT-3’
R: 5’-ACGATTCAAAGCTAACTG-3’ PD: 94°C – 5 min (1)

D: 94°C – 30 sec; 
A: 50°C – 90 sec; 
E: 72°C – 60 sec (30)
FE: 72°C – 10 min. (1)

941 bp [16] 

ddl E .faecium
F: 5’-TAGAGACATTGAATATGCC-3’
R: 5’-TCGAATGTGCTACAATC-3’ 550 bp [16]

16S F: 5’-GACTACCNGGGTATCTAATCC-3’
R: 5’-AGAGTTTGATCCTGGCTNAG-3’ 800 bp [17]

vanA F: 5’-GGGAAAACGACAATTGC-3’
R: 5’-GTACAATGCGGCCGTTA-3’

PD: 94°C – 2 min (1)
D: 94°C – 1 min; 
A: 50°C – 1 min; 
E: 72°C – 1 min (30)
FE: 72°C – 10 min. (1)

732 bp [16]

vanB F: 5’-ATGGGAAGCCGATAGTC-3’
R: 5’-GATTTCGTTCCTCGACC-3’

PD: 94°C – 3 min (1)
D: 94°C – 30 sec; 
A: 54°C – 40 sec; 
E: 72°C – 1 min (40)
FE: 72°C – 10 min. (1)

635 bp [16]

aac(6’)-Ie-
aph(2”)-Ia

F:5’-CAGGAATTTATCGAAAATGGTAGAAAAG-3’
R:5’-CACAATCGACTAAAGAGTACCAATC-3’

PD: 95°C – 7 min (1)
D: 95°C – 1 min; 
A: 55°C – 1 min; 
E: 72°C – 1 min (33)
FE: 72°C – 10 min. (1)

369 bp [18]

ant(6)-Ia F:5’-CGGGAGAATGGGAGACTTTG-3’
R:5’-CTGTGGCTCCACAATCTGAT-3’ 563 bp [19]

Abbreviations: PD – preliminary denaturation; D – denaturation; A – annealing; E – extension; FE – final extension
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resistance rate of VRE in E. faecium was 22.2%. The VRE 
isolates were resistant both to vancomycin and teicoplanin 
as assessed using the disc diffusion method and E-tests. The 
MIC values for vancomycin and teicoplanin were ≥256 mg/l 
and 12-64 mg/l, respectively. The isolates were positive for 
the vanA gene (Figure 3). Figure 4 summarizes the anti-
biotic resistance profiles of the analysed E. faecium and  
E. faecalis isolates.

We identified 19 (54.3%) MDR isolates, defined by their 
resistance to at least one drug belonging to at least three 
distinct groups of antibiotics (Table 1). Fourteen (73.7%) 
MDR isolates were cultured from blood, followed by 4 
isolates (21.1%) cultured from urine and 1 isolate (5.3%) 
cultured from wound. As many as 17 (89.5%) out of the 19 
MDR isolates were represented by E. faecium, and three 
(15.8%) among them remained susceptible to linezolid 
alone.

 

 

M – ladder; Lanes 1, 3, 6, 8 – ant(6)-Ia – positive isolates; Lanes 2, 4, 5, 7, 
– aac(6’)-aph(2’’) – positive isolates

Figure 2. The PCR detection of the ant(6)-Ia and aac(6’)-aph(2’’) 
genes mediating high-level streptomycin and gentamicin 
resistance, respectively 

 

 
M – ladder; E11, E17, E14 – vanA – positive isolates; E1, E9 - vanA – 
negative isolates

Figure 3. Detection using the PCR of the vanA gene mediating 
glycopeptide resistance in enterococci 
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Figure 4. The overall numbers of E. faecalis and E. faecium isolates 
demonstrating resistance to the tested antimicrobial agents

DISCUSSION

Our results add further evidence to an increasing problem 
of antibiotic resistance among enterococci in Polish hospi-
tals, with particular emphasis on MDR E. faecium, which 
accounted for 94.4% of the overall number of the analysed 
isolates belonging to this species. More than 70% of the 
patients infected with enterococci included in the study were 
hospitalized in the ICU and the IMU, and the predominant 
site (77%) of enterococcal isolation was blood. Bacteremia 
and abdominal infections (which are frequent sources of bac-
teremia/septicaemia) represent clinical presentations typical 
for enterococci [14]. The ICU stay, in turn, is considered an 
important risk factor for enterococcal infections [13,14,20]. 
Although during a 5-month collection period nearly an equal 
number of E. faecalis (n=17; 48.5%) and E. faecium (n=18; 
51.4%) was found, we have observed the important role 
of E. faecium as an etiologic agent of HAIs outcompeting  
E. faecalis in two hospital wards in which we simultaneously 
observed the highest rate of enterococcal isolation, namely 
in the ICU and IMU. In spite of E. faecalis predominance 
in hospitals a few decades ago, recent years have witnessed  
a significant change in the epidemiology of enterococal 
infections in the favour of E. faecium [14]. 

It should be emphasized that all E. faecium isolates 
included in the study were resistant to ampicillin, imipenem 
and norfloxacin, which, unfortunately, is not unusual, 
since according to the epidemiological data and reports 
of other authors, hospital-associated E. faecium is typi-
cally resistant to ampicillin and fluoroquinolones [1,13,14, 
20-22]. Moreover, 17 out of the 18 isolates demonstrated 
HLAR, including 27.7% with the HLSR and 38.8% with 
the HLGR; an additional 27.7% of the isolates were both 
HLSR and HLGR. HLAR was also common in E. faecalis 
(HLSR>70%, HLGR>50%), which is in accordance with 
previous reports [14]. The average rate of HLAR in Poland 
(data from 2017) is 53% for invasive E. faecium and 41%  
for E. faecalis [23]. The HLAR phenotype is usually 
mediated by AMEs, among which the AAC(6’)-APH(2’)-Ia 
bifunctional enzyme (encoded by the aac(6’)-Ie-aph(2’’)-Ia 
gene) with acetyltransferase and phosphotransferase activity 
is considered predominant [24]. This enzyme modifies 
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essentially all clinically available aminoglycosides, except 
streptomycin, which, in turn, eliminates the therapeutic use 
of all aminoglycosides other than streptomycin, including 
their combinations with beta-lactams/glycopeptides. The 
ANT(6)-I nucleotidyltransferase encoded by the ant(6’)-
Ia frequently mediates HLSR [18,19]. The presence of the 
two genes was confirmed in the overwhelming majority 
(90%) of the HLAR isolates analysed in the study. Interest-
ingly, 40% of the HLAR isolates (9/52.9% E. faecalis and 
5/27.7% E. faecium) were both HLSR and HLGR – positive, 
with the two aforementioned resistance genes detectable 
in 11 (78.5%). The multiple aminoglycoside resistance 
genes were also frequently harboured by the enterococcal 
isolates studied by Kobayahi et al. [19], including 37.6%  
of E. faecium isolates carrying both the ant(6)-Ia and 
aac(6’)-aph(2’’). For the HLAR isolates found in our study 
to be negative for the ant(6)-Ia or the aac(6’)-aph(2’’) genes, 
two possible explanations should be taken into account. 
They include the possibility of mutation in the location  
of the primer annealing as reported previously by Vakulenko 
et al. [18] or the production of a different type of an enzyme 
capable of drug inactivation (HLSR/HLGR). Of note, alter-
native enzymes mediating aminoglycoside resistance have 
been described [18,19]. Finally, another plausible mecha-
nism mediating HLSR could be a mutational modification 
of the 30S ribosomal subunit [19].

The leading conclusion drawn from the results pre-
sented above is that there is a limited spectrum of avail-
able therapeutic options especially against E. faecium. 
This observation is in line with other reports. In the study  
of Talaga et al. [13] analysing enterococcal strains from four 
Polish hospitals, fluoroquinolone resistance ranged between 
33.3% up to 96%. The authors also observed that ampicil-
lin- and vancomycin resistance was demonstrated by all  
E. faecium isolates from the two hospitals, including 87.3% 
of the isolates presenting the HLAR phenotype. Most of the  
E. faecium isolates were MDR. All E. faecalis isolates, in 
turn, were susceptible to ampicillin, vancomycin, teico-
planin, linezolid and tygecycline. Data from Poland and 
other European countries indicate higher mortality rates due 
to infections caused by E. faecium than E. faecalis, which 
can be at least partially linked to higher resistance rates 
observed in this species [14]. 

Glycopeptides and oxazolidinones, in turn, seemed to 
be associated with the highest probability of therapeutic 
success against enterococci in the study presented here. 
All E. faecium and E. faecalis isolates remained sensi-
tive to linezolid, whereas all E. faecalis and 77.8% of all  
E. faecium were susceptible to vancomycin and teicoplanin. 
Glycopeptide resistance was detected in four (22.2%)  
E. faecium isolates and was classified as the VanA phenotype 
due to the amplification of the vanA gene. Gawryszewska et 
al. [14] analysed 259 enterococcal isolates collected from 
30 hospitals in Poland and also found that all isolates were 
linezolid sensitive, whereas vancomycin resistance mediated 
by vanA or vanB was detected in 7.1% of all E. faecium. 
Nevertheless, data provided by Talaga-Ćwiertnia et al. [11] 
indicate that resistance against vancomycin in E. faecium 
isolates has been on the systematic rise in Poland reaching 
the rate of 25.2% in 2016. 

The average rate of invasive vancomycin resistant  
E. faecium in Poland (data from 2017) is 32% (28-37%) 
and is comparable to the rates observed in Lithuania (36%), 
Slovakia (32%), Hungary (28%), Romania (34%), Serbia 
(35%) and Greece (31%). In the United States and Australia, 
however, up to 50% or more of invasive E. faecium dem-
onstrate resistance to vancomycin - which poses a severe 
public health threat [23]. The vanA gene cluster encoding 
enzymatic machinery altering the terminal peptydoglikan 
precursor’s residues (D-alanyl-D-alanine) critical for anti-
biotic binding, remains the predominant gene mediating 
glycopeptide resistance in enterococci [4,9,11,20,25]. It is 
involved in inducible resistance to vancomycin and teico-
planin, and is typically located on transposones (eg, Tn1546) 
within plasmids [4,25].

It should be mentioned that continuous antibiotic pressure 
is a driving force towards the selection of new resistance 
phenotypes, among which one of the most recent threats in 
the context of enterococcal infections is the emergence of 
resistance against linezolid. All isolates reported here were 
linezolid sensitive. This is important information in view 
of the very disturbing phenomenon associated with a high 
rate of MDR E. faecium detection. The four vancomycin-
resistant E. faecium isolates were simultaneously resistant  
to all other tested drugs, with the exception of linezolid. This 
indicates that oxazolidinones represent an important arma-
mentarium and must be considered the drug of the last resort 
against many MDR enterococci. Unfortunately, resistance 
against this group of chemotherapeutics by the inhibition 
of the elongation of the polypeptide chain in bacterial cells 
has emerged. This can be mediated by mutations in the 23S 
rRNA gene region and ribosomal proteins (L3 and L4), as 
well as by the presence of transmissible, plasmid encoded 
determinants, including the cfr and optrA genes [4,10]. Cfr 
(chloramphenicol-florfenicol resistance) is a methylase able 
to modify the adenine nucleotide of the 23S rRNA, whereas 
the optrA gene encodes a putative ABC transporter medi-
ating efflux and is associated with elevated MICs to oxa-
zolidinones in the absence of known 23S rRNA mutations 
or the cfr gene [4,15]. 

A significant rise in the number of linezolid resistant 
enterococci (LRE) has been reported in Polish hospitals 
since 2012 [15]. Gawryszewska et al. [15] investigated 50 
clinical LRE (including E. faecium – 82% and E. faecalis 
– 16%) collected between 2008-2015 (20 hospital settings 
located in 12 Polish cities) and found that the 23S rRNA 
mutation was the most frequent (94%) mechanism of line-
zolid resistance, whereas the optrA gene was identified in 
two E. faecalis isolates. Krawczyk et al. [9] identified, in 
addition to the 23S rRNA mutation, the cftr gene in 14 out 
of the 19 clinical linezolid-resistant E. faecium isolates. The 
detection of transmissible genetic determinants of linezolid 
resistance such as the optrA and cfr, raises concerns about 
the possible decrease in the effectiveness of linezolid in the 
future. Moreover, the linezolid-resistant E. faecium showed 
high prevalence of vancomycin resistance (90.2%) in the 
study of Gawryszewska et al. [15]; similar observations 
were reported by Krawczyk et al. [9]. It should also be 
mentioned that over 70% of LRE investigated by Gawrysze-
wska et al. [15] were isolated from patients of the ICUs and 
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haematology wards. In these, the highest use of antimicrobi-
als, including linezolid, is reported. Previous administration 
of linezolid and treatment with glycopeptides and possibly 
with carbapenems (imipenems) are considered factors that 
may favour colonization and subsequent development  
of infections with LRE [9]. 

Our study has several limitations, including a limited 
number of the analyzed isolates and the lack of genetic 
investigation regarding the clonality of the isolates. Nev-
ertheless, we consider our results a further contribution to 
the analysis of the epidemiology of the enterococcal HAIs 
and trends in their antimicrobial resistance. The monitoring  
of the prevalence and antimicrobial resistance of Enterococ-
cus species is of the uppermost significance to control and 
prevent infections caused by this group of bacteria.

CONCLUSIONS

Multidrug-resistance in the hospital-associated entero-
cocci is a disturbing phenomenon, particularly in E. faecium. 
Understanding of emergent mechanisms of resistance in 
enterococci can provide insights into the best treatment 
approaches for these opportunistic pathogens and help  
to guide physicians in making rational therapeutic decisions. 
Surveillance of the epidemiologic situation regarding ente-
rococci is crucial to control and prevent infections caused 
by this group of bacteria.
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