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| Abstract: The aim of this study was to determine the relationship between aggregation factor (asa/), enterococcal surface protein (esp), cytolysin (cy/), gela-

tinase (gelE), hyaluronidase (/y/) virulence factors and antibiotic resistance in Enterococci. VITEK 2 ID system was used to identify the isolates and determine
their antibiotic susceptibility. Virulence genes were investigated by polymerase chain reaction. Of the 93 isolates, 62 (66 %) were Enterococcus faecium, 31 (44
%) were Enterococcus faecalis (E. faecialis ). E. faecium isolates were more resistant to ampicillin, ciprofloxacin, linezolid, teicoplanin and vancomycin than E.
faecalis. High-level gentamycin rate were higher in E. faecium than E. faecalis (p <0.05). The most prevalant virulence genes were esp (60.9 %) and asal (25 %)
followed by gelE (22.8 %), cyl (16.3 %) and hyl (8.7 %). Asal, cyl, gelE genes positivity were higer in E. faecalis than E. faecium. Hyl positivity was higher in E.
faecalis than E. faecium isolates. Ampicillin resistance was higher in gelE positive E. faecalis than gelE negative E. faecalis (p <0.05). Ciprofloxacin resistance
was higher in gelE negative E. faecalis than gelE positive E. faecalis (p <0.05). Asa, cyl, hyl, gelE positive E. faecium isolates were more susceptible to teicopla-
nin than the isolates that did not have these genes (p <0.05). Cyl, asa, gelE positive E. faecalis isolates were more susceptible to vancomycin than cy/, asa, gelE
negative E. faecalis isoates (p <0.05). Hyl positive E. faecium isolates were more susceptible to vancomycin than /4yl negative E. faecium isolates (p <0.05). E.
faecalis isolates that have virulence genes were more susceptible to vancomycin (p <0.05). The resistance to antibiotics in E. faecalis should be a concern for the

treatment of infectious disease.
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Introduction Tokat Gaziosmanpasa University between January 2016
and February 2017. Identification of isolates and anti-
Recently Enterococci have received much attention biotic susceptibility were evaluated with the VITEK 2
as a nosocomial infectious agent in patients undergoing ID (bioMérieux, France) automated system according
anti-microbial therapy (1). They are intrinsically resis- to Clinical and Laboratory Standards Institute (8).
tant to many antibiotics. Enterococci are able to acquire
drug resistance either by chromosome, transfer of plas- DNA isolation and analysis of virulence genes by Po-
mid or transposon. Another important feature is the abi- lymerase Chain Reaction
lity to transfer genetic materials to other bacteria (2). DNA isolation was performed according to the sup-
Virulence factors are features or molecules that are plier’s recommendation with MagCore Genomic DNA
produced by pathogens that help these pathogens with Bacterial Kit by Magnesia 16 isolation device (Anatolia
colonization and immunoevasion. The production of Geneworks Turkey). Esp, cyl, asal, gelE, hyl genes were
virulence factors leads to infection. Aggregation factor investigated with Accustart Il PCR ToughMix (Quanta
(asal), enterococcal surface protein (esp) (4), gelati- Biosciences, Inc. Gaithersburg, MD) kit by conventio-
nase (gelE) (3,5), cytolysin (cyl) (6) and hyaluronidase nal polymerase chain reaction (PCR) (Montania 4896
(hyl) (7) are among the enterococcal virulence factors. Anatolia Geneworks /Turkey). The primers were used
The purpose of this study was to determine the rela- according to the previous studies: asal, esp, cyl (9), hyl
tionship between virulence factors and antibiotic resis- (10) ,gelE (11). Amplification for PCR products were
tance in Enterococci isolates. done as follows: initial denaturation step at 95°C for
2 min followed by 4 cycles consisting of denaturation
Materials and Methods (95°C for 20 seconds), annealing (36°C for 4 minutes),
and extension (58°C for 10 seconds), and extension
Bacterial isolates and antimicrobial susceptibility (72°C for 20 seconds) for 45 cycles, final extension step
testing at 72°C for 5 minutes. All PCR results were analyzed
This study included 93 Enterococci (62 E. faecium, on 1% agarose containing 0.5 pg/mL ethidium bromide
31 E. faecalis) from various specimens (wound (49.5 and were subsequently visualized under UV light. The
%), urine (24.7 %), blood (18.3 %), respiratory samples gel images of virulence genes are shown in “Figure 17,

(6.4 %), etc.) sent to the Microbiology Laboratory at
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Figure 1. The gel images of virulence genes.

Statistical analysis

Statistical analysis was performed using commercial
software IBM SPSS Statistics 20 (SPSS Inc., an IBM
Co., Somers, NY).The difference between resistance to
antibiotics and virulence genes was investigated with
independent samples t-test. The statistical significance
level of p was 0.05.

Ethical information

This study was approved by Tokat Gaziosmanpasa
University Clinical Research Ethics Committee (18-
KAEK-185).

Results

Antibiotic resistance rate of Enterococci isolates

Overall, 47.4 % (45/93) of the Enterococci was re-
sistant to vancomycin. Of these, 95.6 % (43/45) were E.
faecium and 4.4 % (2/45) were E. faecalis. High-level
gentamicin resistance (HLGR) in E. faecalis isolates
were 19.4 % and in E. faecium isolates were 48.4 %. E.
faecium isolates were more resistant to ampicillin, ci-
profloxacin, linezolid, teicoplanin and vancomycin than
E. faecalis. Also, high-level gentamycin resistance rate
was higher in E. faecium than E. faecalis (p <0.05). An-
tibiotic resistance rate of Enterococci isolates is shown
in “Table 1”.

Frequency of virulence genes

The virulence genes positivity was esp (60.9 %),
asal (25 %), gelE (22.8 %), cyl (16.3 %) and hyl (8.7
%). The most prevalant virulence genes were esp (60.9
%) and asal (% 25), followed by gelE (22.8 %), cyl
(16.3 %) and Ayl (8.7 %). Asal, cyl, gelE genes positi-
vity was higer in E. faecalis than E. faecium. Also, hyl
genes positivity was higher in E. faecium than E. faeca-

Table 1. Antibiotic susceptibility rate of Enterococci isolates.

Antibiotics Isolates Susceptible (n) %
E. faecium 7 11.3

Ampicillin = E. faecalis 27 87.1
E. faecium 5 8.1

Ciprofloxacin  E. faecalis 18 58.1
E. faecium 54 87.1

Linezolid  E. faecalis 29 93.5
E. faecium 19 30.6

Teicoplanin  E. faecalis 29 93.5
E. faecium 19 30.6

Vancomycin  E. fuecalis 29 93.5

lis (p<0.05).

Association of antibiotic resistance and virulence
genes

Ampicillin resistance was higher in ge/E positive E.
faecalis than gelE negative E. faecalis (p <0.05). No re-
lationship was found between ampicillin resistance and
asal, esp, cyl, hyl genes in any of the isolates (p>0.05).
Ciprofloxacin resistance was higher in ge/E negative E.
faecalis than gelE positive E. faecalis (p <0.05) but no
relationship with other genes (p>0.05). Ciprofloxacin
susceptibility was higher in esp positive E. faecium than
esp negative E. faecium (p <0.05), but no association
was found between ciprofloxacin sensitivity and asal,
cyl, hyl, gelE genes (p>0.05). Asal, cyl, hyl and gelE
positive E. faecium isolates were more susceptible to
teicoplanin than the isolates that do not have these genes
(p <0.05). However, no relationship was found between
teicoplanine resistance and esp (p>0.05). Cyl, asal,
gelE positive E. faecalis isolates were more susceptible
to vancomycin than cy/, asal, gelE negative E. faecalis
isoates (p <0.05). Hyl positive E. faecium isolates were
more susceptible to vancomycin than syl negative E.
faecium isolates (p <0.05). In E. faecium isolates, there
was no association between esp, asal, hyl, gelE genes
and vancomycin resistance (p>0.05). In addition, there
was no relationship between linezolid resistance and
virulence genes (p>0.05).

Discussion

High levels of antimicrobial-resistant Enterococci
remains a global infection control challenge and an
important cause of healthcare-associated infections.
Vancomycin has been used as the agent of choice in
the treatment of Enterococci infections. There has been
an increase of vancomycin resistant Enterococci infec-
tion in recent years. This situation has posed a serious
problem in the treatment of enterococcal infections. In
addition, Enterococci can transfer resistant genes hori-
zontally to other vancomycin-susceptible isolates (12).

World Health Organization reported vancomycin-
resistant E. faecium as a pathogen with high priority
in its global priority list of antibiotic-resistant bacte-
ria, drawing attention to the paucity of appropriate and
effective treatment options. The percentage for vanco-
mycin resistance in E. faecium was 11.8 % in 2016.
National percentages ranged from 0 to 46.3 %. Howe-
ver, reported cases of resistance to vancomycin have
shown significantly increasing trends fort the last four
years (13)

In this study, consistent with the previous studies, E.
faecium isolates were more resistant to many antibiotics
and had more HLGR than E. faecalis isolates (13-15).
Although the regional differences in vancomycin resis-
tance were observed, the ratio was 6.45-45.1 % (14-18).
In this study, 47.4 % (45/93) of the Enterococci were
resistant to vancomycin. High vancomycin resistance
in our region may be caused by the widespread use of
vancomycin.

Asal contributes conjugation by directing bacterial
aggregation, emerging in close cell contact between
donor and recipient (3). Esp allows E. faecalis iso-
lates to colonize in the urinary tract (4). Heidari et al.
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detected asal was the most frequently detected gene
(100 %) among the isolates followed by esp (94.1 %)
(18). Baylan et al. indicated asal and esp were the
most frequent virulence factors, with the rates of 26.7
% and 25.6 % respectively in urinary samples. They
have also detected that asal gene positive E. faecalis
isolates were more resistant to ciprofloxacin, norfloxa-
cin and levofloxacin than asal gene negative isolates;
esp gene positive E. faecalis isolates were more resis-
tant to doxycycline than esp gene negative isolates (15).
Mete et al. observed the most common virulence genes
were asal gene 45 % and esp gene 32.3 %. The esp
gene level in vancomycin resistant £. faecium isolates
was found to be 24 %, while no esp gene was found in
vancomycin resistant £. faecalis isolates. The existence
of asal was negative in both vancomycin resistant £.
faecium and vancomycin resistant E. faecalis isolates
(16). In this study, consistent with the previous study,
the most common virulence genes were esp 60.9%, fol-
lowed by asal 25 %. Also, asal positivty in isolates
of E. faecalis was significantly higher than E. faecium.
The asal positivity in vancomycin susceptible E. faeca-
lis was significantly higher than resistant isolates. Also,
both vancomycin resistance and susceptible enterococci
isolates have esp and asal genes.

It was determined gelatinase enzymatic activity is a
prerequisite for biofilm formation (19). In previous stu-
dies, gelE positivity varies between 19.6 % and 80.4 %
(14,18,20,21). In this study ge/E gene positivity was ob-
served at 22.8 %, and ampicilin resistance in ge/E gene
positive E. faecalis was significantly higher compared
to isolates that did not contain these genes. In addition,
gelE positive E. faecalis isolates were significantly
more susceptible to ciprofloxacin, teicoplanin and van-
comycin than compared to isolates that did not involve
these genes.

The other virulence factors are cytolysin and hyalu-
roidase. Cytolysin lyses macrophages and neutrophils,
and causes them to escape immunity (6). Hyaluronidase
is a degradative enzyme associated with tissue damage
(7). Heidari et al. indicated cy/ 64.7 % and hyl 51% (8),
and Triveda et al. detected Ayl positivity was 36.85 %
(5). Mete et al. observed cyl positivity was 33.2 %; also,
hyl was found 42.3 % in E. faecalis and 19.3 % in E.
faecium. In addition, they recorded ciprofloxacin resis-
tance in cyl gene positive E. faecalis was significantly
higher compared to isolates that did not contain these
genes. Moreover, /iyl positive E. faecium isolates were
significantly more resistant to vancomycin compared to
isolates that did not have Ayl gene (16).

Baylan et al. observed Ayl activity was higher in E.
faecalis than E. faecium (15). In this study, teicoplanin
susceptibility in ¢yl and hyl genes positive isolates of E.
faecalis was significantly higher compared to isolates
that did not contain these genes. Also, the cy/ positivity
in vancomycin susceptible E. faecalis and hyl positivity
in vancomycin susceptible E. faecium were significant-
ly higher than resistant isolates. Consistent with Baylan
et al.’s study cyl positive E. faecalis and hyl positive E.
faecium isolates were more susceptible to vancomycin
than negative isolates in this study. It is noteworthy that
virulence factors are more prevalent in isolates that are
sensitive to antibiotics. According to Beceiro et al., the
correlation between antibiotic resistance and virulence

follows a Darwinian model. Increased resistance and
virulence finally proceed together to confer the bacteria
with a selected advantage (22).

In conclusion, E. faecium isolates were found to be
more resistant to antibiotics than E. faecalis isolates.
However, E. faecalis isolates that have virulence genes
were more susceptible to vancomycin. Therefore, in
the future, the resistance to vancomycin in E. faecalis
should be a concern for the treatment of infectious di-
sease.
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