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Abstract

Background: Enterococci are one of the opportunistic pathogenic microorganisms that can cause significant problems for human
and animal health. Enterococcus faecium seems to be more resistant to antibiotics than E. faecalis. It is thought that pathogenic E.
faecium can develop antibiotic resistance very quickly, and the ability to transfer this feature is considered to be an important health
risk.
Objectives: This study aimed to determine the prevalence, biotypes, and in vitro antimicrobial susceptibility of E. faecalis and E.
faecium strains isolated from 267 routine urine and stool samples that were brought to the microbiology laboratory of Regional
Training and Research Hospital of Van, with permission of the patients.
Methods: In the present study, enterococci using species-specific primers to examine E. faecalis and E. faecium multiplex PCR tech-
nique was applied. Biotyping of the isolates was used to identify them as E. faecalis and E. faecium by molecular techniques, and
antibiotic susceptibility of all samples was examined, as well.
Results: The isolates were identified by multiplex PCR using species-specific primers for E. faecalis and E. faecium. Biotyping based
on 13 biochemical tests showed that 72.5%, 12.5%, and 15% of E. faecalis strains were of biotypes I, II, and III, respectively, whereas E.
faecium strains could be divided into biotype I (10%), biotype II (12.5%), biotype III (27.5%), and biotype IV (50%). Additionally, all E.
faecalis strains were found to be susceptible to penicillin G and imipenem. On the other hand, 95% of the E. faecalis strains were
found to be resistant to clindamycin, 77.5% to tetracycline and trimethoprim/sulfamethoxazole, 42.5% to erythromycin, 32.5% to
gentamicin, and 17.5% to ciprofloxacin. Of E. faecium strains, 37.5% were found to be resistant to clindamycin, 32.5% to penicillin
G, 27.5% to erythromycin and imipenem, 20% to ciprofloxacin, 17.5% to tetracycline and trimethoprim/sulfamethoxazole, 15% to
gentamicin, and 5% to vancomycin.
Conclusions: In conclusion, the identification of E. faecalis and E. faecium strains by PCR is reliable and faster than biochemical tests.
Additionally, the results of antimicrobial susceptibility tests may provide important contributions to the clinical approach.
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1. Background

Enterococcus spp. are Gram-positive, facultative, anaer-
obic bacteria and are present as part of the commensal bac-
teria in the intestinal tracts of humans and animals (1, 2).
They are not considered to be pathogenic (3). Some of these
species are also known as the causes of causal diseases in
immunocompromised hosts (4). Bacteria of the genus En-
terococcus are the components of the natural microbiota of
the gastrointestinal tract in both humans and animals. On
the other hand, enterococci are considered opportunistic
pathogens mainly responsible for nosocomial infections
in humans (5), as well as many types of infections in ani-

mals such as mastitis in cattle, diarrhea in swine and cattle,
and septicaemic diseases in poultry (6).

Their ubiquitous nature, resistance to unfavorable en-
vironmental factors, and the capability of the acquisition
of antimicrobial resistance and virulence factors also have
contributed to the increased share of Enterococcus in op-
portunistic infections (5, 7). Furthermore, they have now
become one of the most common nosocomial infections
and are also an emerging threat to public health, as they
are intrinsically resistant to several antimicrobials (8-10).
These species also show different patterns of antimicrobial
resistance, possibly caused by various mechanisms of re-
sistance among them (11). Enterococcus faecium and E. fae-
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calis are major species associated with several enterococ-
cal diseases. Enterococcus faecalis and E. faecium can pro-
duce potential virulence factors that may enhance their
pathogenicity. In other words, they are responsible for
diseases (3, 12). Moreover, E. faecalis and E. faecium have a
highly developed ability to acquire resistance genes from
the same or different species via transferable plasmids or
transposons (13).

Enterococci now account for about 10% of hospital-
acquired bacteremia cases globally, and they are the fourth
and fifth leading causes of sepsis in North America and Eu-
rope, respectively (14). Among the medically important en-
terococci, E. faecium, in particular, has become a leading
cause of nosocomial infections. Enterococcus faecium pop-
ulation analysis has revealed the emergence of a rapidly
evolving lineage referred to as Clade-A1 that includes clonal
complex 17 (CC17), comprising strains associated with hos-
pital infections across five continents. These hospital
strains are resistant to ampicillin, aminoglycosides, and
quinolones, and their genomes contain a high number of
mobile genetic elements and are enriched for genes en-
coding altered carbohydrate utilization and transporter
proteins that distinguish them from community-acquired
and nonpathogenic E. faecium strains (15).

2. Objectives

In this study, we aimed to demonstrate the biotype pro-
files of E. faecalis and E. faecium strains isolated from stool
and urine samples of humans and determine their in vitro
susceptibility to various antibiotics by the disk diffusion
method. It is thought that the results can be a source for
the diagnosis and treatment protocols in diseases caused
by these factors and give an idea about the steps of resis-
tance.

3. Methods

3.1. Urine and Stool Samples

In this study, we used routine urine and stool sam-
ples brought to the microbiology laboratory of the Van Re-
gional Training and Research Hospital for the diagnosis of
urinary tract or digestive system infections.

3.2. Isolated Bacteria and Reference Strains

In this study, E. faecalis and E. faecium strains were iso-
lated and identified in urine and stool samples. Enterococ-
cus faecalis ATCC 29212, E. faecalis ATCC 51299, and E. faecium
ATCC 19434 reference strains were used for quality control

in molecular diagnosis, biochemical tests, and antimicro-
bial susceptibility tests.

3.3. Bacterial Isolation

For the isolation of E. faecalis and E. faecium strains,
blood agar, Edwards medium, and even Esculin agar were
cultured with the help of sterile swabs from urine and
stool samples, which had been thoroughly homogenized.
The incubation was done at 37°C for 24 - 48 hours under
aerobic conditions. The growth of S-type Esculin-positive
black colonies was evaluated (16).

3.4. DNA Isolation

The DNA isolation of 24 h bacterial cultures separated
as positive controls, and suspicious enterococci was per-
formed using a DNA isolation kit (Thermo GeneJET Ge-
nomic DNA Purification Kit - K0722 Lithuania).

3.5. Primer Design

Primers were verified and designed with the GenBank
database based on specific regions of DNA encoding 16S
and/or 23S rRNA genes. Primer sequences were F: 5 ‘ACT TAT
GTG ACT AAC TTA ACC 3’ and R: 5 ‘TAA TGG TGA ATC TTG GTT
TGG 3’ for E. faecalis and F: 5 ‘GAA AAA ACA ATA GAA GAA TTA
T 3’ and R: 5 ‘TGC TTT TTT GAA TTC TTC TTT A 3’ for E. faecium
(17).

3.6. Amplification

The multiplex PCR technique was applied as reported.
Master mixes (Thermo PCR Mastermix 2x – K0171 Lithuania)
were used for the amplification step. For this purpose, 2
µL bacterial DNA, 1 µL F and R primers, 25 µL mastermix
were pooled and the mixture was completed to 50µL with
PCR grade water. The PCR condition was as follows: Pre-
denaturation for 10 min at 96°C, followed by 35 cycles of
denaturation at 95°C for 45 s, binding at 49°C for 45 s, elon-
gation at 72°C for 60 s, and final elongation at 72°C for 10 s
protocol was applied (17, 18).

3.7. Agarose Gel Electrophoresis

The products obtained at the end of the amplification
stage were run on a 1% agarose gel with positive controls
and examined in the imaging system (Genesis). While eval-
uating the bands, it was investigated whether the isolates
that were E. faecalis-positive and the isolates that were E.
faecium-positive formed the bands of 360 bp and 215 bp, re-
spectively.
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3.8. Biotyping

Despite the known biochemical characteristics of en-
terococci, variations can be observed in the biochemical
features of many field strains. These variations can cause
problems and may lead to wrong identification. Therefore,
it holds great importance to determine the biotyping pro-
files of strains identified by molecular methods. Biotyp-
ing of the isolates identified as E. faecalis and E. faecium by
molecular techniques was conducted by hemolysis tests,
growth in 6.5% NaCl media, hydrolysis of esculin and argi-
nine, H2S production, indole, motility, fermentation of L-
arabinose, arbutin, galactose, trehalose, D-glucose, manni-
tol, D-raffinose, salicin, lactose and sorbitol tests (16, 19, 20).

3.9. Antibiotic Susceptibility Test

The suscepbility of isolates to penicillin-G (10 IU), van-
comycin (30µg), imipenem (10µg), ciprofloxacin (5µg), ri-
fampicin (30 µg), gentamicin (10 µg), tetracycline (30 µg),
erythromycin (15 µg), clindamycin (2 µg) and trimetho-
prim/sulfamethoxazole (SXT) (25 µg) was investigated by
using Kirby-Bauer disc diffusion method. The evaluations
were performed according to CLSI M02-A11 (M100-S23 - The
Application Standards for the Antimicrobial Susceptibility
Tests) (21, 22).

3.10. Statistical Analysis

A statistical anlaysis was carried out using the cluster
variable method in the Minitab package program (Demo
Ver-16).

4. Results

4.1. Bacterial Isolation and Identification

Preliminary identification of Enterococcus spp. was
based on phenotypic characteristics, such as esculin pos-
itive, brown-black S type colony-forming, Gram-positive,
single, double, or chain-shaped catalase-negative cocci. A
total of 187 Enterococcus spp. including 119 (67.2%) from 177
urine samples and 68 (75.5%) from 90 stool samples were
isolated and identified.

4.2. Identification of Enterococcal Isolates by Multiplex PCR

In the identification of isolates using the PCR tech-
nique with species-specific primers, 30 (25.2%) of urine
originated Enterococcus strains were identified as E. faecalis
and eight (6.7%) as E. faecium. Besides, 10 (14.7%) of the stool
originated isolates were identified as E. faecalis and 32 (47%)
as E. faecium (Figure 1).

Figure 1. Agarose gel image of the analysis of enterococci by the multiplex PCR
method (M: PCR ranger 100 bp DNA marker; A: Enterococcus faecalis positive control;
B: E. faecium positive control; 1: E. faecalis positive stool specimen; 2: E. faecium posi-
tive stool specimen; 3: E. faecalis positive urine specimen; 4: E. faecium positive urine
specimen; 5: negative control).

4.3. Biotyping of Enterococcus Strains

The biochemical test results of E. faecium and E. faecalis
isolates that identified by multiplex PCR, were presented
in Table 1. While all the strains of E. faecium and E. faecalis
were found to be positive for esculin, 45% of E. faecalis iso-
lates and 20% of E. faecium isolates were β-hemolytic. Be-
sides, 92.5% of E. faecalis and 60% of E. faecium cultures were
found to be positive for growth in 6.5% NaCl media. The
biochemical properties of the isolates were analyzed statis-
tically by using the cluster variable method. Three biotype
profiles were found in E. faecalis strains and four biotype
profiles in E. faecium strains (Table 2, Figures 2 and 3). Of the
E. faecalis strains, 72.5% were determined as biotype I, 12.5%
as biotype II, and 15% as biotype III. Moreover, 10% of E. fae-
cium strains were determined as biotype I, 12.5% as biotype
II, 27.5% as biotype III, and 50% as biotype IV (Table 2).

4.4. Antimicrobial Susceptibility Test Results

All the E. faecalis strains examined by the disk diffu-
sion method were susceptible to imipenem and penicillin
G while no vancomycin-resistant isolate was determined.
Of them, 95% were found to be resistant to clindamycin
and 77.5% to tetracycline and SXT. Of the studied E. faecium
types, 95% were found to be susceptible to vancomycin and
67.5% to penicillin G (Table 3, Figures 4 and 5).

5. Discussion

In the present study, the isolates were identified by
multiplex PCR with species-specific primers for E. faecalis
and E. faecium. Out of 187 isolates, 30 (25.2%) and 10 (14.7%)
were identified to be E. faecalis in urine and stool samples,
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Table 1. Biochemical Test Results of Enterococcus faecalis and E. faecium Isolates

Tests
Positive Reactions (%)

Enterococcus faecalis Enterococcus faecium

β-hemolysis 18 (45) 8 (20)

α-hemolysis 0 2 (5)

γ-hemolysis 22 (55) 30 (75)

Growth in 6.5% NaCl 37 (92.5) 24 (60)

Esculin hydrolysis 40 (100) 40 (100)

Arginin hydrolysis 40 (100) 40 (100)

H2S 0 0

Indol 0 0

Motility 0 0

L-Arabinose 34 (85) 40 (100)

Arbutin 40 (100) 40 (100)

Galactose 40 (100) 40 (100)

Glucose 40 (100) 40 (100)

Lactose 40 (100) 40 (100)

Mannitol 35 (87.5) 0

Raffinose 0 9 (22.5)

Salicin 40 (100) 40 (100)

Sorbitol 40 (100) 36 (90)

Trehalose 40 (100) 40 (100)

Table 2. Distribution of Biotype Profiles of Enterococcus faecalis and E. faecium Iso-
lates

Biotypes
Number of Biotypes (%)

E. faecalis E. faecium

Biotype-I 29 (72.5) 4 (10)

Biotype-II 5 (12.5) 5 (12.5)

Biotype-III 6 (15) 11 (27.5)

Biotype-IV - 20 (50)

respectively, whereas eight (6.7%) isolates from stool sam-
ples and 32 (47%) isolates from urine samples were identi-
fied as E. faecium. In a study, out of 280 enterococcal iso-
lates, 175 isolates were identified as E. faecalis, 67 as E. fae-
cium, and 38 as Enterococcus spp. (23). In another study,
the prevalence of E. faecalis and E. faecium isolates were re-
ported 76% and 55.5%, respectively (24).

Manero and Blanch (25) applied 94 different biochem-
ical tests with referenced Enterococcus cultures and 82 clin-
ical isolates, and 76 of these tests could be used to iden-
tify Enterococcus species and 12 of them (D-raffinose, L-
arabinose, sorbose, ribose, methyl-α-D-glucopyranoside,
mannitol, arginine, sucrose, pyrrolidinyl aminopeptidase,

Figure 2. Distribution of biotype profiles and similarities of Enterococcus faecalis
isolates

α-galactose, yellow pigment production, and alkaline
phosphate) could be used safely for the identification of En-
terococcus strains based on species.

Facklam and Collins (26) stated that three different bio-
types were identified according to biochemical features of
206 cultures identified as Enterococcus spp. previously; be-
sides, nine different biotype profiles identified by API-20
kits were reported in their study. Pelicioli Riboldi et al. (27)
also identified eight different biotypes in 55 Enterococcus
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Table 3. In Vitro Antimicrobial Disk Diffusion Test Results of Enterococcus faecium and E. faecalis Isolates

Antimicrobial Agent
Enterococcus faecalis (%) Enterococcus faecium (%)

Susceptible Intermediate Susceptible Intermediate

Penicillin-G 40 (100) 0 27 (67.5) 0

Erythromycin 5 (12.5) 18 (45) 9 (22.5) 20 (50)

Gentamicin 10 (25) 17 (42.5) 34 (85) 0

Tetracycline 6 (15) 3 (7.5) 31 (77.5) 2 (5)

Rifampicin 38 (95) 2 (5) 29 (72.5) 8 (20)

Imipenem 40 (100) 0 28 (70) 1 (2.5)

Vancomycin 39 (97.5) 1 (2.5) 38 (95) 0

Ciprofloxacin 19 (47.5) 14 (35) 18 (45) 14 (35)

Clindamycin 1 (2.5) 1 (2.5) 20 (50) 5 (12.5)

SXT 6 (15) 3 (7.5) 33 (82.5) 0

strains. In the current study, 3 biotype profiles were iden-
tified in E. faecalis strains and 4 biotype profiles were iden-
tified in E. faecium strains according to biochemical char-
acteristics of isolates. Out of 40 E. faecalis strains, 72.5% of
them were identified as biotype I, 12.5% as biotype II and
15% as biotype III, while 10% of E. faecium strains identified
as biotype I, 12.5% biotype II, 27.5% were biotype III and 50%
were biotype IV. It was observed that the findings of the
study are different from the other studies that unlike one
another.

The development of multiple antimicrobial resistance
worldwide has begun to cause serious problems, espe-
cially by nosocomial Enterococcus strains (28-31). The de-
velopment of resistance to antibiotics occurs by the acqui-
sition of plasmids or transposons containing resistance
genes or by mutations. Despite many studies conducted
on antibiotic resistance of Enterococcus species, studies
on pathogenicity mechanisms and virulence factors have
been inadequate (32).

The antibiotic resistance mechanisms in enterococci
can be explained in two ways. Intrinsic resistance is inher-
ently encoded in chromosomes in most or all types of en-
terococci. The observed structural resistance mechanisms
for some antibiotics are typically specific to some types
of Enterococcus species. Acquired resistance is more vari-
able than intrinsic resistance. Enterococci are able to de-
velop resistance to many antibiotics by means of plasmids
or transposons, by this way, tetracyclines have become re-
sistant to macrolides, lincosamides, and chloramphenicol.
They show a high level of aminoglycoside resistance with a
large number of different aminoglycosides by modifying
enzymes. In addition to all these, the resulting plasmid-
based beta-lactam resistance is another problem (1, 5, 28,

33).

In the studies investigating the resistance of E. fae-
calis strains to antimicrobial agents isolated from various
clinical samples, Berzeg et al. (34) found that E. faecalis
strains were resistant to imipenem while they were resis-
tant to penicillin at 4%, ciprofloxacin at 8%, rifampicin at
40%, and gentamicin at 8%. Aktepe et al. (35) reported
that E. faecalis strains were resistant to imipenem at 51.9%.
Aral et al. (36) stated that 27% of E. faecalis strains were
resistant to ciprofloxacin, 16% to gentamicin, 56% to ery-
thromycin, and all were resistant to clindamycin and SXT
while they were sensitive to imipenem. Iraz et al. (37) re-
ported that E. faecalis strains were resistant to vancomycin
at 4%, ciprofloxacin at 47%, and gentamicin at 42%. Altun
et al. (38) observed that 16% of E. faecalis strains were re-
sistant to penicillin and 44% to gentamicin, while all were
susceptible to vancomycin. Güçkan et al. (39) detected
that E. faecalis strains were resistant to ciprofloxacin at
50%, gentamycin at 44%, tetracycline at 68%, clindamycin
at 95%, and SXT at 100%. Barisic and Punda Polic (40)
found aminoglycoside resistance in 37% of E. faecalis iso-
lates from hospitalized patients. In another study involv-
ing 27 European countries, gentamicin resistance was 20%,
vancomycin at 0.03%, erythromycin at 47%, imipenem at 1%,
and ciprofloxacin resistance was found to be present in 6%
of E. faecalis strains (41).

In this study, all the examined E. faecalis isolates
were found to be susceptible to penicillin, rifampicin,
imipenem, and vancomycin, while 42.5% were resistant
to erythromycin, 32.5% to gentamicin, 77.5% to tetracy-
cline, 17.5% to ciprofloxacin, 95% to clindamycin, and 77.5%
to SXT. In studies conducted on E. faecium, Berzeg et al.
(34) reported that the examined E. faecium types isolated
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Figure 3. Distribution of biotype profiles and similarities of Enterococcus faecium
isolates

from clinical samples were resistant to penicillin at 68%,
imipenem at 27%, and ciprofloxacin, rifampicin, and gen-
tamicin at 68%. Aktepe et al. (35) found that 70% of the
strains were resistant to imipenem. Aral et al. (36) stated
that 94% of the isolates were resistant to imipenem, 69%
to ciprofloxacin, 60% to gentamicin, 99% to clindamycin,
and all were resistant to erythromycin and SXT. Iraz et
al. (37) reported that 23% of the isolates were resistant
to vancomycin, 84% to ciprofloxacin, and 69% to gentam-
icin. Altun et al. (38) expressed that the resistance rates of
the studied cultures were 83% to penicillin, 16.1% to van-
comycin, and 71% to gentamicin. Güçkan et al. (39) de-

termined resistance to ciprofloxacin at 44%, gentamicin at
40%, tetracycline at 60%, clindamycin at 89%, and SXT at
98%. In another study involving 27 European countries,
gentamicin resistance was 22,5%, vancomycin at 2,9%, ery-
thromycin at 74%, imipenem at 41%, and ciprofloxacin re-
sistance was found to be present in 33% of E. faecium strains
(41).

In this study, 32.5% of the examined E. faecium strains
were resistant to penicillin, 27.5% to erythromycin, 15% to
gentamicin, 17.5% to tetracycline, 7.5% to rifampicin, 27.5%
to imipenem, 5% to vancomycin, 20% to ciprofloxacin,
37.5% to clindamycin, and 17.5% to SXT. As observed in
the studies, enterococci have gradually increased resis-
tance to beta-lactam antibiotics as a result of uncon-
scious and long-term irregular use. Besides, E. faecium
strains were found to have a low resistance to tetracy-
cline, while E. faecalis strains were found to be highly re-
sistant. On the other hand, the rates of resistance to
imipenem, ciprofloxacin, gentamicin, clindamycin, and
trimethoprim/sulfamethoxazole were lower than the rates
in isolates from other regions. The high efficacy of these
agents shows that it is still possible to use them in this re-
gion.

5.1. Conclusions

Based on this study, the isolation rates of E. faecalis and
E. faecium strains were found to be lower in Van located
in eastern Turkey than in other regions. Due to the phe-
notypic changes in Enterococcus species, the identification
reliability of epidemiological studies by PCR-based tech-
niques was found to be relatively high. The biochemical
identification of enterococci did not give reliable results,
and the rate of false negativity was significant. Because of
the diversity of field strains, knowing the biotype profiles
could contribute significantly to the reduction of the false
identification rate. Resistance rates of E. faecium and E. fae-
calis to antimicrobial agents were updated in the region.
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Güļsah Tollu and İsmail Hakkı Ekin. Acquisition of data:
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Figure 4. Distribution of in vitro antimicrobial disk diffusion test results of Enterococcus faecalis isolates

Figure 5. Distribution of in vitro antimicrobial disk diffusion test results of Enterococcus faecium isolates
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