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Abstract

In this work, we evaluated biofilm formation of Vancomycin Resistant of E.
faecalis and E. faecium (VRE) in different culture media and adhesion sub-
strate, as well as cellular hydrophobicity and presence of virulence genes. For
this, 35 isolates were collected from a public hospital in Recife, Pernambuco,
Brazil and identified by the Matrix-Assisted Laser Desorption Ionization -
Time-of-flight - Mass Spectrometry (MALDI-TOF-MS) technique. Biofilm
formation was analyzed by the Crystal Violet (CV) method and fluorescence
microscopy, cellular hydrophobicity by hydrocarbon interaction and the pres-
ence of gelE, esp and asal genes by Polymerase Chain Reaction (PCR). 12
isolates were identified as E. faecalis and 23 as E. faecium. Most were obtained
in Coronary Units (40.0%) and Intensive Care Unit (31.4%). E. faecium iso-
lates were more resistant to the antibiotics tested than E. faecalis; however, E.
faecalis stood out as a biofilm producer. Regarding the presence and gene
frequency, it was observed that ge/E (54.3%) and esp (54.3%) were the most
prevalent, followed by asal (22.9%). When comparing the gene frequency, it
was observed that ge/E and esp were predominant (48.6% for both species),
while asal was more frequent in E. faecalis (20.0%). The data presented here
are worrying, because they reveal the virulence potential of isolates VRE,
which contributes to the dissemination and persistence of these pathogens in
the hospital environment.
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Virulence Genes

1. Introduction

Enterococcus corresponds to Gram-positive microorganisms, whereupon 49
species are distributed in diverse environments, such as marine waters, plants,
animal intestines, and others [1]. Among identified species, E. faecalis and E.
faecium are those commonly found in the human intestinal tract. However, they
are considered opportunistic pathogens being able to cause urinary tract infec-
tions, bacteremia, endocarditis, and neonatal meningitis [1] [2] [3] [4] [5].

Different factors contribute to the bacteria permanence in the hospital envi-
ronment, mainly resistance [6] and virulence factors [7]. Vancomycin Resistance
in Enterococcus spp. (VRE) was first reported in 1986 and has been associated
with an increased mortality rate in patients suffering from bacteremia [8] [9]
[10]. E. faecium and E. faecalis are the main species of this taxonomic group as-
sociated with resistance to vancomycin. There are reports of this type of resis-
tance in other species of the genus (E. gallinarum, E. casseliflavus, E. avium and
E. raffinosus); however, this resistance profile is less frequent [10] [11].

Virulence factors are related to the invasion of the pathogen in host tissue,
persistence of infection, and biofilm formation potential. The biofilm architec-
ture is influenced by several factors including hydrodynamic conditions, nu-
trient concentration, bacterial motility, and intercellular communication. Bac-
terial adhesion to the formation site is influenced by cell movement, electrostat-
ic, and hydrophobic interactions, also adhesin expression [12] [13].

Over the years, a number of virulence genes have been described for Entero-
coccus, such as: aggregation substance, gelatinase, enterococcal surface protein,
cytolysin, pheromones, and hyaluronidase [14] [16]. Gelatinase is a protein se-
creted by E. faecalis that potentially contributes to the virulence of this species,
as well as the enterococcal adhesion encoded by the esp gene that contributes to
colonization and persistence of E. faecalis during infection of ascending urinary
tract [17]. The aggregation substance, on the other hand, corresponds to a phe-
romone-induced surface protein, which promotes the formation of conjugation
aggregates during bacterial conjugation, contact between cell-cell, and between
cell-host cell [18].

The aim of study was to evaluate and compare resistance profile and biofilm
formation between E. faecalis and E. faecium clinical isolates in different culture
media and adhesion substrate, and also to identify cell hydrophobicity and the

presence of virulence genes.

2. Materials and Methods

2.1. Bacterial Samples

Clinical isolates were obtained according to the protocol established by the hos-
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pitals and approved by the Research and Ethics Committee (CEP) of the Federal
University of Pernambuco (UFPE), by protocol number: 2.581.568. Thirty-five
isolates were collected from sectors of a public hospital in Recife, Pernambuco,
Brazil, in 2018. An E. faecalis isolate obtained from the collection of the De-
partment of Antibiotics of the UFPE (UFPEDA 09) was used as a control. All
isolates were stored in Brain-Heart Infusion (BHI) broth and agar (2°C - 8°C),
and in BHI liquid with 15% glycerol (-20°C). The susceptibility profile of the
isolates was identified using the VITEK 2 Compact automation equipment (Bi-
oMeérieux®) and the interpretation of results was according to criteria recom-
mended by the Clinical Laboratory Standards Institute [19].

2.2. MALDI-TOF Mass Spectrometry

The technique MALDI-TOF-MS was used for taxonomic confirmation of the
isolates. Bacterial colonies were suspended in 300 pL of Milli-Q water and added
with 900 pL of absolute ethanol. The suspensions were centrifuged at 15,600 g
for 2 min. The supernatant was removed, and the pellet was dried in SpeedVac
for 20 min. At the samples were added 50 uL of formic acid (70%) and 50 pL of
acetonitrile. The resulting mixture was homogenized on a vortex stirrer and
centrifuged at 15,600 g for 2 min, and the supernatant transferred to a new mi-
crotube. The matrix prepared with alpha-cyano-4-hydroxycinnamic acid (10
mg/mL), 50% acetonitrile, and 0.3% trifluoroacetic acid was added to the MALDI
plate containing the sample at room temperature (18°C) for crystallization. MS
spectra were acquired in a linear positive mode (acceleration voltage: 20 kV and
detection range - m/z: 2000 - 20,000) using the Flex Control Version 3.0 Pro-
gram in MALDI-TOF Autoflex III Mass Spectrometer (Bruker Daltonics, Bille-
rica, MA, USA). The obtained mass spectra were compared to data obtained
from the MALDI Biotyper Version 3.1 Database.

2.3. Virulence Gene Detection

Genomic DNA from each isolate was extracted using the commercial GenElute
Bacterial Genomic DNA Kit (Sigma-Aldrich/Merck, Darmstadt, Germany),
quantified in NanoVue™ Spectrophotometer (General Eletric, Massachusetts,
EUA), and stored at —20°C. The virulence genes gelE, esp and asal were identi-
fied by PCR following the instructions of the SuperMix® (Thermo Fisher Scien-
tific, Massachusetts, EUA) and the sequence of the primers are listed in Table 1.
The PCR conditions were: Initial denaturation of 94°C for 2 min, 35 cycles of:
94°C for 30 s, 56°C for 30 s and 72°C for 1 min, added to a final extent of 72°C
for 5 min, followed by cooling the samples to 4°C. The amplicons were analyzed
by 1.2% agarose gel electrophoresis and 0.5X TBE buffer and visualized by
SYBR® Green dye on the photodocumentator in UV light. The amplicons were
purified by the Clean-Up PCR Purification Kit (Sigma-Aldrich/Merck,
Darmstadt, Germany) and sequenced by the Automated DNA Sequencer (Ap-

plied Biosystems, Hitashi). The obtained sequences were deposited in GenBank
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Table 1. Primers used to identify virulence genes from Vancomycin-resistant Enterococ-
cus isolates.

Gene Primers (5'->3") Amplicon (pb) Tm (°C)

F: CGAAGTTGGAAAAGGAGGC
gelE 333
R: GGTGAAGAAGTTACTCTGA

F: AGATTTCATCTTTGATTCTTGG
esp 188 56
R: AATTGATTCTTTAGCATCTGG

F: AAGAAAAAGAAGTAGACCAAC
asal 261
R: AAACGGCAAGACAAGTAAATA

with the identification code MN508951, MN508952, MN508953, for the gelE,

esp and asal genes, respectively.

2.4. Cell Surface Hydrophobicity Determination

Bacterial cell surface hydrophobicity was determined according to a method de-
scribed above [20] with modifications. Bacterial strains were grown at 37°C for
24 hours in BHI. Subsequently the growth was diluted 1:50 in 5 mL of fresh me-
dium and was incubated further at 37°C for 4 h. Log-phase bacteria were har-
vested by centrifugation, washed twice with PUM buffer (22.2 g of potassium
phosphate trihydrate, 7.26 g of monobasic potassium phosphate, 1.8 g of urea,
and 0.2 g of magnesium sulfate heptahydrate/liter [pH 7.1]), and absorbance was
adjusted to 1.0 at 400 nm (ODag). Then, 250 pL of n-hexadecane was added to 1
mL of bacterial cell suspension normalized. The mixtures were incubated at
30°C for 10 min, subsequently vortexed vigorously for 2 min, and allowed to
stand for 15 min at room temperature to ensure complete separation of the or-
ganic and aqueous phases. The absorbance of the aqueous layer was measured at
400 nm. The percent of cell surface hydrophobicity was calculated by formula: [1
— (final ODyg/initial OD4g) X 100].

2.5. Biofilm Formation

Biofilm of Enterococcus sp. was determined by CV method [21] with some
modification, under different conditions: Hydrophilic (Glass Test Tube) and Hy-
drophobic (Polystyrene 96-well Microplates) substrates, and two culture media:
BHI and Tryptic Soy Broth (TSB). 160 pL of the culture medium, 20 pL of dis-
tilled water and 20 pL of the adjusted bacterial inoculum 1.5 x 108 CFU/mL were
added to the microtiter plates. In the test tubes, 800 uL of culture medium, 100
uL of distilled water and 100 pL of bacterial inoculum were mixed. For the steril-
ity control of the two substrates, the bacterial inoculum was replaced by distilled
water. After incubation for 24 hours at 37°C, the two substrates were washed
three times with saline (0.9%) to remove planktonic cells, and then incubated at
55°C for biofilm fixation. Subsequently, 200 pL of crystal violet was added to the
plates and 1 mL to the test tubes for 15 minutes. After this period, the plates
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were washed with distilled water and eluted with 100% ethanol to obtain the
optical density reading at a wavelength of 570 nm. From the readings (OD570),
the mean of the absorbance values of each sample (ODs) in comparison with the
absorbance of the sterility control (ODc) were determined. The samples were
classified as strongly (4x ODc < ODs), moderately (2x ODc < ODs < 4x ODc)
and weakly (ODc < ODs < 2x ODc) forming biofilms. Isolates that presented
absorbance values equal to or less than the control were classified as non-biofilm

producers.

2.6. Fluorescence Microscopy Biofilm Analysis

To confirm biofilm formation on the different substrates, the assays were re-
peated using the 6-well polystyrene plate (hydrophobic substrate) and glass co-
verslips (hydrophilic substrate). It was chosen a microorganism that produces
biofilm strongly in hydrophobic and hydrophilic substrates (£. faecalis 19185).
In the hydrophobic substrate, it was added 4 mL of TSB, 0.5 mL of distilled wa-
ter, and 0.5 mL of bacterial inoculum (1.5 x 10° CFU/mL). In the hydrophilic
substrate the coverslips were placed in Petri dishes and 8 mL of TSB, 1 mL of
distilled water, and 1 mL of bacterial inoculum were added. For sterility control,
the bacterial inoculum was replaced by distilled water. Substrates were washed
three times with 0.9% saline to remove planktonic cells. Followed by an addition
of SYBR® Green (Dilution of 20 uL for each 1 mL of milliQ water) and Calcof-
luor White (1:1 with 10% KOH) dyes to analyze the biofilm cells and the poly-
saccharide structure, respectively. The images were obtained by epifluorescence
microscopy (LEICA) on filter 2 (BP 515 - 560) for SYBR® Green and filter 1 (BP
480/401) for Calcofluor White.

2.7. Statistical Analysis

All tests were performed in triplicate, mean and standard deviation were calcu-
lated. Graphs and significance analysis (p < 0.05) were determined using Graph-

Pad Prism version 5.0 software.

3. Results

The taxonomic identity of all isolates was confirmed by the MALDI-TOF-MS
technique. Of the 35 isolates analyzed, 12 (34.3%) corresponded to E. faecalis
and 23 (65.7%) to E. faecium (Table 2). It is possible observed in Table 2 that
identified isolates were obtained from different origins and sectors of a public
hospital in Recife, Pernambuco, Brazil. Most isolates were collected from the
Coronary Units (COU = 40.0%) and the Intensive Care Unit (ICU = 31.4%).
Others were obtained from the medical clinic (14.3%), cardiology (11.4%) and
emergency (2.9%). Regarding the colonization site, it was observed that most
bacteria (71.4%) were isolated from rectal swab. However, other sites of infection
were also reported, but with a lower percentage. 14.3% were collected from

blood, 11.4% from urine, and 2.9% from catheter. E. faecalis was most obtained
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Table 2. General characteristics of E. faecalis and E. faecium isolates.

Biofilm formation

Virulence
genes

Species
Identification Identification  Origin Source
(MALDI-TOF)

Cellular Hydrophobic Hydrophilic
hydrophobicity  substrate Substrate

TSB BHI TSB BHI gelE esp asal

UFPEDA 09 E. faecalis UFPEDA Collection M HFB +++ + - - - -
08850 E. faecalis Blood Medical clinic M HFB + +++ + + - - +
11233 E. faecalis Rectal swab Ccou HFL +++ + + - -
11705 E. faecalis Blood Medical clinic M HFB +++ ++ + ++ - - -
13241 E. faecalis Catheter Cardiology M HFB +++  ++ ++ ++ - -+
17870 E. faecalis Blood ICU HFB +++  ++ ++ ++ - - =
18576 E. faecalis Rectal swab Medical clinic HFL +++  +++ ++ +++ - + +
00640 E. faecalis Rectal swab COU M HFB +++  +H+ ++ ++ - - -
01014 E. faecalis Rectal swab ICU M HFB +++  +++ ++ ++ - - +
04757 E. faecalis Rectal swab ICU M HFB ++ + + + - - -
06430 E. faecalis Blood ICU M HFB +++  ++ ++ - - - 4+
06941 E. faecalis Rectal swab ICU M HFB ++ ++ - + - - +
19185 E. faecalis Rectal swab COouU M HFB +++  +++ ++ + + + +
11170 E. faecium Rectal swab ICU HFL + + - + + + -
10964 E. faecium Rectal swab COuU HFL ++ - - - + + -
11574 E. faecium Rectal swab COuU HFL +++ + - ++ + + -
12455 E. faecium  Rectal swab COU HFL ++ ++ + + + - -
14872 E. faecium Urine ICU M HFB +++ - - + — — —
02089 E. faecium Rectal swab COuU HFL + + - + - - -
03376 E. faecium Rectal swab  Cardiology HFL +++ - ++ - + -
12805 E. faecium Rectal swab ICU HFL ++ + ++ - + + -
15353 E. faecium  Rectal swab COU HFL + + + ++ + o+ -
16184 E. faecium Rectal swab COuU HFL +++ ++ + + + + -
16206 E. faecium  Rectal swab COU HFL - - - ++ + + -
16598 E. faecium Rectal swab COuU HFL + - - + + + -
17281 E. faecium Urine Medical clinic HFL + - - + + + -
18008 E. faecium Rectal swab COou HFL + +++ - + + + -
18300 E. faecium Blood ICU HFL + - + + + + -
00821 E. faecium Rectal swab  Cardiology HFL + + + + + - -
00931 E. faecium  Rectal swab Cou HFL + + + + + o+ 4+
01236 E. faecium Rectal swab ICU HFL + + + + - + -
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Continued
18984 E. faecium Urine Emergency HFL + + - + + + -
15088 E. faecium Urine Medical clinic HFL ++ + - - + + -
11496 E. faecium  Rectal swab ICU HFL - - - + + o+ -
13679 E. faecium  Rectal swab Ccou HFL + +++ + ++ - - -
10800 E. faecium  Rectal swab  Cardiology HFL ++ + ++ - - -

UFPEDA—Department of Antibiotics of Federal University of Pernambuco, ICU—Intensive care unit, COU—Coronary unit,
HFL—hydrophilic, M HFB—Moderately hydrophobic, MFB—Hydrophobic. In biofilm formation: Weak (+), Moderate (++) e
Strong (+++) biofilm producers and no biofilm producers (-). In virulence genes: Presence (+) e Absence (-).

from blood cultures (11.4%) and ICUs (14.3%), while isolates of E. faecium were
more frequent from rectal swab (51.4%) and COUs (31.4%).

Resistance profile showed a higher resistant to ampicillin and penicillin G,
62.9% were resistant to ampicillin, but only one E. faecalis isolate was resistant to
this antibiotic (19185), 77.1% were resistant to penicillin G, mainly in £. faecium
isolates (62.8%). All isolates were resistant to vancomycin, 34.3% were resistant
to daptomycin, and 14.3% were resistant to linezolid (Table 3).

Ability to form biofilm is showed in Table 2 and Figure 1. It was observed
that E. faecium had a lower potential when compared to E. faecalis. All E. faeca-
lis isolates were able to produce biofilm. However, only seven of 23 E. faecium
isolates produced biofilm under the conditions tested. From the investigated
substrates (plate and tube), it was observed that isolates of both species showed
better performance for biofilm production on the hydrophobic surface (Plate =
48.6%) when compared to the hydrophilic surface (Tube = 5.7%). Regarding the
culture media, it was found that in the TSB the isolates had higher formation
potential, regardless of the species analyzed (Figure 1).

Table 4 shows the general characteristics of the isolates in relation to total
samples, source, origin, biofilm formation, cellular hydrophobicity, and viru-
lence genes (distribution and frequency). From this table, it is possible to com-
pare the resistance profile and virulence potential of each species.

For the following variables, cell hydrophobicity and presence of virulence
genes, E. faecalis and E. faecium also presented distinct profiles. Most isolates of
E. faecalis were moderately hydrophobic (M HFB = 25.7%), while all of E. fae-
cium were hydrophilic (HFL = 62.9%), excepting isolate 14872 which also pre-
sented as M HFB.

In the present study, we also investigated the presence and frequency of viru-
lence genes: gelE, esp and asal. The gelatinase gene, gelE (54.3%), and the Ente-
rococcus surface protein gene, esp (54.3%), were most prevalent. Followed by
the aggregation substance gene, asal (22.9%). E. faecalis showed higher positivi-
ty for the asal gene (20%), followed by gelE (5.7%) and esp (5.7%) genes. In E.
faecium isolates, the frequency of gelE and esp was higher (48.6% for each gene),
followed by asal that was detected in only one isolate (00931), see Table 2.

Only two isolates, one from E. faecalis (19185) and one from E. faecium
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Table 3. Resistance profile of E. faecalis and E. faecium isolates.

AMP PEN G VAN DAP LIN

Identification
RIS MIC RIS MIC RIS MIC RIS MIC RIS MIC

UFPEDA 09 S - S - S - S - S -
08850 S 4 R >8 R 256 * 4 S 2
11233 S 2 S 4 R 96 S 1 S <0.5
11705 S 4 R >8 R 256 S 2 S 2
13241 S 4 R >8 R >32 * 4 S 1
17870 S 2 S 4 R >32 S 2 R >4
18576 S 1 S 4 R >32 S 1 S 1
00640 S 1 S 4 R >32 S 2 S 1
01014 S 2 S 8 R >32 * >4 S 2
04757 S 1 S 4 R >32 S >4 S 2
06430 S 2 R >8 R 96 S 2 S 2
06941 S 2 S 8 R >32 * 4 S 2
19185 R >16 R >8 R >32 S 2 S 2
11170 R >16 R >8 R 96 S 2 R >4
10964 R >16 R >8 R >32 S 2 S 1
11574 R >16 R >8 R >32 S 2 S 1
12455 R >16 R >8 R >32 S 2 S 1
14872 R >16 R :8 R >32 S 1 S <0.5
02089 R >16 R >8 R >32 * >4 S 2
03376 R >16 R >8 R >32 * >4 R >4
12805 R >16 R >8 R >32 * 4 R >4
15353 R >16 R >8 R >32 S 2 S 1
16184 R >16 R >8 R >32 S 2 S 1
16206 R >16 R >8 R >32 S 2 S 2
16598 R >16 R >8 R 256 S 2 S 2
17281 R >16 R >8 R >32 S 2 S 2
18008 R >16 R >8 R >32 * >4 S 1
18300 R >16 R >8 R >32 S 2 S 1
00821 R >16 R >8 R >32 * >4 R >4
00931 R >16 R >8 R >32 * >4 S 1
01236 R >16 R >8 R >32 S 2 S 2
18984 R >16 R >8 R 96 * >4 S <0.5
15088 R >16 R >8 R >32 S 2 S 2

DOI: 10.4236/aim.2023.136019 306 Advances in Microbiology


https://doi.org/10.4236/aim.2023.136019

B. de Azevedo Ramos et al.

Continued
11496 R >16 R >8 R >32 * 4 S 2
13679 S 2 R >8 R >16 S 1 S 2
10800 S 2 S 2 R >32 S 0.5 S 1

UFPEDA—Department of Antibiotics of Federal University of Pernambuco. Antibiotics:
AMP—ampicillin, PEN G—penicillin G, VAN—Vancomycin, DAP—daptomycin, LIN—
linezolid. RIS—Resistance International System, MIC—Minimum inhibitory concentra-
tion (ug/mL). R—resistant, S—susceptible. *Note: When clinical breakpoints for dapto-
mycin were originally set there was insufficient evidence to set a susceptible-resistant
breakpoint. In our study we considered daptomycin resistant with MIC > 4%
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Figure 1. Comparison of biofilm formation between the culture media used. Gray bars represent TSB culture medium and black
bars represent BHI culture medium. (a) Hydrophobic surface. (b) Hydrophilic surface. ***p < 0.005.

(00931) were positive for three genes tested. The other isolates presented differ-
ent genetic profiles. The profile (esp + asal) was identified in only one isolate
(18576) belonging to the species E. faecalis. While the profile (geE + esp) was
detected in 14 isolates of E. faecium. Isolates containing only one gene were also
found, 6 in E. faecalisand 4 in E. faecium (see Table 2).

Interestingly, five isolates, two from E. faecalis (17870, 00640), three from E.
faecium (02089, 13679, 10800), and control 09 did not show any of the genes in-
vestigated. These same samples presented themselves as moderate to strong bio-
film producers in hydrophobic subtracts. On the other hand, eight isolates were
positive for at least two of the three genes investigated and were classified as

weak or non-producer of biofilm (see Table 2).
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Table 4. Frequency of main characteristics of E. faecalis and E. faecium isolated from a
public hospital in Recife, PE, Brazil.

Characteristics E. faecalis E. faecium Total

Total n. (%) 12 (34.3)  23(65.7)  35(100.0)

Source n. (%)

ICU 5(14.3) 6 (17.1) 11 (31.4)
COU 3(8.6) 11 (31.4) 14 (40.0)
Medical Clinic 3(8.6) 2(5.7) 5(14.3)
Emergency 0(0.0) 1(2.9) 1(2.9)

Cardiology 1(2.9) 3 (8.6) 4(11.4)

Origin n. (%)

Rectal swab 7 (20.0) 18 (51.4) 25 (71.4)
Blood 4(11.4) 1(2.9) 5 (14.3)
Urine 0 (0.0) 4(11.4) 4(11.4)
Catheter 1(2.9) 0 (0.0) 1(2.9)

Resistance profile

AMP 1(2.9) 21(60.0) 22 (62.9)
PEN G 5(14.3) 22(62.8)  27(77.1)
VAN 12(343)  23(657)  35(100.0)
DAP 4(11.4) 8(22.9) 12 (34.3)
LIN 1(2.9) 4(11.4) 5(14.3)

Biofilm formation n. (%)

Strong biofilm on hydrophobic substrate 10 (28.6) 7 (20.0) 17 (48.6)

Strong biofilm on hydrophilic substrate 2(5.7) 0 (0.0) 2(5.7)
Strong TSB biofilm 9 (25.7) 4(11.4) 13 (37.1)
Strong BHI biofilm 5(14.3) 4(11.4) 9 (25.7)

Cellular hydrophobicity n. (%)

HFL 2 (5.7) 22 (62.9) 24 (68.6)
M HFB 9 (25.7) 1(2.9) 10 (28.6)
HFB 1(2.9) 0 (0.0) 1(2.9)

Virulence genes n. (%)

gelE 2(5.7) 17 (48.6) 19 (54.3)
esp 2(5.7) 17 (48.6) 19 (54.3)
asal 7 (20.0) 1(2.9) 8 (22.9)

ICU—Intensive care unit, COU—Coronary unit, AMP—ampicillin, PEN G—penicillin
G, VAN—vancomycin, DAP—daptomycin, LIN—linezolid, HFL—hydrophilic, M HFB—
Moderately hydrophobic, MFB—Hydrophobic. TSB—Tripyc Soy Broth media, BHI—
Brain-Heart infusion media.
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To confirm the potential for biofilm formation, 19185 E. faecalis isolate was
selected and analyzed on two substrates (plate and tube) by fluorescence micro-
scopy. The results confirmed that 19185 is a strong biofilm producer, regardless
of the condition tested, be it a hydrophobic substrate (Figure 2(c)) or a hydro-
philic substrate (Figure 2(f)). Figure 2(a) and Figure 2(d) show the microor-
ganisms. Also, in Figure 2(b) and Figure 2(e) it is possible to notice the pro-
duction of extracellular matrix secreted by bacterial cells. The Figure 2(c) and
Figure 2(f) is the overlay of previous images.

4. Discussion

Since 2017, a reduction in hospital infection rates in general has been observed.
However, there is an increase in the number of infections caused by mul-
ti-resistant microorganisms. This phenomenon has been occurring not only in
Brazil, but worldwide. In adult and neonatal ICU, Enterococcus spp. vancomy-
cin resistance are among the microorganisms that cause the most health care-
related infection (HAI) and increase in-patient mortality [22] [23]. According to
the World Health Organization (WHO), E. faecium VRE isolates are more fre-

quent in hospital outbreaks than E. faecalis, since they have a larger gene arsenal

related to resistance and virulence factors [10] [24]. As well as E. faecium is
more resistant to AMP than E. faecalis according by EUCAST and CLSI proto-
cols. It was not different in our study [19] [25].

Figure 2. Analysis of biofilm formation through epifluorescence. E. faecalis strain 19185. Upper line hydrophobic substrate and
lower line hydrophilic substrate. (a) and (d) Images were dyed with Calcofluor White (Filter 1). (b) and (e) Images were dyed with
SYBR Green. (c) Overlay images (a) and (b). (f) Overlay images (d) and (e).
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Collection with rectal swab is indicated by the Agéncia Nacional de Vigilincia
Sanitdria (ANVISA) as a practice of epidemiological surveillance after the patient
was hospitalized, which is a concern, since most isolates of E. faecium of this
study came from this collection, and all isolates were VRE. Enterococci are al-
ready in the normal microbiota, and in this case VRE isolates may be the main
transmission mechanisms within the hospital sectors [26]. This is a worrying
factor for immunocompromised patient. According to a study [27], hospitalized
patients have a high incidence of enterococcal infections, not only due to the vi-
rulence of isolates, but also due to the circulation of health professionals and the
hospital area. This represents a risk environment, which can justify the spread of
species in different sectors of a hospital or from different hospitals as previously
demonstrated [28].

Among the strategies to combat antimicrobial resistance (ADR) are socio-
educational interventions, monitoring access to these drugs and rational pre-
scriptions [29]. According to Pan American Health Organization (PAHO), ADR
surveillance work should be continuous and multidisciplinary [30]. Thus, the
collective effort of the hospital unit investigated in our study and also of local
health agencies could result in a more effective control of ADR.

Regarding of biofilm formation, the composition of the medium is probably
the most important factor that influences the ability of bacteria to produce bio-
film under in vitro conditions. Thus, TSB is the most widely used medium for
the cultivation of Gram-positive biofilms [21]. The relationship between biofilm
formation and cellular hydrophobicity is still difficult to confirm. The determi-
nation of bacterial surface hydrophobicity alone is not a sufficient factor to cha-
racterize biofilm formation. Other factors are needed to stimulate or develop this
ability in microorganisms. Considering that, in enterococcal cells this trait seems
to be no different [20].

The biofilm formation is a multifactorial process related to both gene expres-
sion and interference of environmental factors, which can be aggravated, as these
genes as well as resistance genes can be propagated between species through mo-
bile DNA elements [31]. The presence of virulence genes may be correlated with
biofilm formation, which has been reported over the years [22] [27] [32]. The
prevalence of gelE, esp and agg (other aggregation substance) genes is high when
it comes to clinical isolates [32].

Furthermore, biofilm formation is more related to the presence of gelE gene,
regardless of whether or not isolates present esp and agg genes in E. faecalis spe-
cies. However, studies demonstrated biofilm formation in mutated strains for
the esp gene (Esp-negative) and confirmed that neither esp nor gelE appear to be
necessary to develop this factor in vitro. In addition, also confirm that the pres-
ence of these genes seems to be more related to the successful establishment of
an infection [22] [33]. These data are interesting because they indicate that the
presence or absence of the genes investigated in this study does not seem to be

the primary or only characteristic for biofilm formation in these species. It is
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noteworthy that, the ability to form biofilm contributes to the pathogenicity of
infections, since it enables the mediation of adhesion, colonization, and invasion
of host tissue. Thereby, modulating immunity, producing enzymes, and toxins
that help the installation and increase of severity of infection [13] [14].

It was observed that in Figure 2 it is possible to evidence the formation of
biofilm by fluorescence. For this, we used SYBR Green (capable of intercalating
in the hydrogen bridges of double strand of bacterial DNA) and Calcofluor White
dyes (which binds the p1-6 polysaccharide bonds that are formed in the exopoly-
saccharide matrix or EPS) [34] [35] [36]. The fluorescence technique is widely
used, these dyes together in our work were capable to show the biofilm and prove
that Enterococcusisolates can be able to form biofilm in different surfaces.

In general, the formation of biofilms depends on several factors such as the
types of microorganisms, surfaces and environmental conditions such as pH and
temperature [13]. The biofilm matrix is mainly composed of EPS, but also con-
tains water, lipids, nucleic acids and extracellular proteins, forming a porous ar-
chitecture with channels that allow the passage of nutrients [12]. In addition,
electrostatic and hydrophobic attractive forces, van der Waals interactions, hy-
drogen bonds and covalent bonds, as well as flagella, fimbrial adhesin and poly-
mers are considered for biofilm formation [12] [37]. Biofilms are a suitable mi-
croenvironment for microbial survival, being a protective barrier, including
against antimicrobials [38]. Therefore, studies on the subject are crucial to un-
derstand the functioning of this mechanism in different microorganisms and

help in the development of effective therapies.

5. Conclusion

Our findings show the importance of characterizing virulence factors and bio-
film formation related to clinical isolates of Enterococcus that present resistance
mainly to vancomycin, daptomycin, and linezolid. Also, it demonstrates genetic
and biochemical alternatives, which facilitate the adaptation and survival of En-
terococcus isolates. In addition, the presence and high frequency of gelE, esp and
asal genes are an indicative that monitoring studies in the hospital setting should
occur frequently. These factors increase the spread and severity of infection,
making treatment difficult and increasing rates of infection morbidity and mor-
tality of hospitalized patient.

Acknowledgements

We thank the Centro de Tecnologias Estratégicas do Nordeste (CETENE) for the
support in taxonomic identification, the Laboratorio de Genética e Biologia Ve-
getal (LGBV) for the support in the fluorescence microscopy and Fiocruz Per-
nambuco - Instituto Aggeu Magalhdes (IAM) for the support in the sequencing.

Funding

This work was supported by Conselho Nacional de Desenvolvimento Cientifico

DOI: 10.4236/aim.2023.136019

311 Advances in Microbiology


https://doi.org/10.4236/aim.2023.136019

B. de Azevedo Ramos et al.

e Tecnoldgico (CNPg), No. 09/2018; Coordenacio de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES)| Fundacdo de Amparo a Ciéncia e Tecnologia do
Estado de Pernambuco (FACEPE), No. BCT-0019-2.08/18.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References
[1] Zhong, Z., Zhang, W.Y,, Song, Y.Q., Liu, W.J,, Xu, H.Y., Xi, X.X., et al (2017)

Comparative Genomic Analysis of the Genus Enterococcus. Microbiological Re-
search, 196, 95-105. https://doi.org/10.1016/j.micres.2016.12.009

[2] Amarnania, R. and Rapose, A. (2017) Colon Cancer and Enterococcus Bacteremia Coaf-
fection: A Dangerous Aliance. Journal of Infection and Public Health, 10, 681-684.
https://doi.org/10.1016/j.jiph.2016.09.009

[3] Martinez, L.C., Alvare, C.E.G., Alvarez, M.O., Fuente del Rio, R.L., Velasco, C.G.
and Enciso, B.S. (2018) Meningitis Neonatal Por Enterococcus faecalis. Revista del
Laboratorio Clinico, 11, 101-103. https://doi.org/10.1016/j.labcli.2017.11.007

[4] Olmos, C., Vilacosta, 1., Ferndndez-Pérez, C., Bernal, J.L., Ferrera, C., Garcia-
Arribas, D., et al (2017) The Evolving Nature of Infective Endocarditis in Spain: A
Population-Based Study (2003 to 2014). Journal of the American College of Cardi-
ology; 70, 2795-2804. https://doi.org/10.1016/j.jacc.2017.10.005

[5] Shah, K.J., Cherabuddi, K., Shultz, J., Borgert, S., Ramphal, R. and Klinker, K.P.
(2018) Ampicillin for the Treatment of Complicated Urinary Tract Infections Caused
by Vancomycin-Resistant Enterococcus spp (VRE): A Single-Center University
Hospital Experience. International Journal of Antimicrobial Agents, 51, 57-61.
https://doi.org/10.1016/j.ijantimicag.2017.06.008

[6] Gilmore, M.S., Lebreton, F. and van Schaik, W. (2013) Genomic Transition of En-
terococci from Gut Commensals to Leading Causes of Multidrug-Resistant Hospital
Infection in the Antibiotic Era. Current Opinion in Microbiology; 16, 10-16.
https://doi.org/10.1016/j.mib.2013.01.006

[7]1 Armin, S., Fallah, F., Karimi, A., Rashidan, M., Shirdust, M. and Azimi, L. (2017)
Genotyping, Antimicrobial Resistance and Virulence Factor Gene Profiles of Van-

comycin Resistance Enterococcus faecalis Isolated from Blood Culture. Microbial
Pathogenesis, 109, 300-304. https://doi.org/10.1016/j.micpath.2017.05.039

[8] Uttley, A.H., Collins, C.H., Naidoo, J. and George, R.C. (1988) Vancomycin-Resistant
Enterococci. The Lancet, 331, 57-58.
https://doi.org/10.1016/S0140-6736(88)91037-9

[9] Diaz-Granados, C.A., Zimmer, S.M., Klein, M. and Jernigan, J.A. (2005) Compari-
son of Mortality Associated with Vancomycin-Resistant and Vancomycin-Susceptible

Enterococcal Bloodstream Infections: A Meta-Analysis. Clinical Infectious Diseases,
41, 327-333. https://doi.org/10.1086/430909

[10] World Health Organization (WHO) (2017) Prioritization of Pathogens to Guide
Discovery, Research and Development of New Antibiotics for Drug-Resistant Bac-
terial Infections, Including Tuberculosis. Geneva.

[11] Centers for Disease Control and Prevention (CDCP) (2013) Antibiotic Resistance
Threats in the United States, 2013. Atlanta.

DOI: 10.4236/aim.2023.136019 312 Advances in Microbiology


https://doi.org/10.4236/aim.2023.136019
https://doi.org/10.1016/j.micres.2016.12.009
https://doi.org/10.1016/j.jiph.2016.09.009
https://doi.org/10.1016/j.labcli.2017.11.007
https://doi.org/10.1016/j.jacc.2017.10.005
https://doi.org/10.1016/j.ijantimicag.2017.06.008
https://doi.org/10.1016/j.mib.2013.01.006
https://doi.org/10.1016/j.micpath.2017.05.039
https://doi.org/10.1016/S0140-6736(88)91037-9
https://doi.org/10.1086/430909

B. de Azevedo Ramos et al.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

Flemming, H.C. and Wingender, J. (2010) The Biofilm Matrix. Nature Reviews Mi-
crobiology, 8, 623-633. https://doi.org/10.1038/nrmicro2415

Trentin, D.S., Giordani, R.B. and Macedo, A.J]. (2013) Biofilmes bacterianos
patogénicos: Aspectos geais, importancia clinica e estratégias de combate. Revista,
14, 113-238. https://doi.org/10.31514/rliberato.2013v14n22.p213

Jett, B.D., Huycke, M.M. and Gilmore, M.S. (1994) Virulence of Enterococci. Clini-
cal Microbiology Reviews, 7, 462-478. https://doi.org/10.1128/CMR.7.4.462

Soares, R.O., Fedi, A.C., Reiter, K.C., Caierio, J. and d’Azevedo, P.A. (2014) Corre-
lation between Biofilm Formation and gelE, Esp, and Agg Genes in Enterococcus
spp. Clinical Isolates. Virulence, 5, 634-637. https://doi.org/10.4161/viru.28998

Gulhan, T., Boynukara, B., Ciftci, A., Sogut, M.U. and Findik, A. (2015) Characteri-
zation of Enterococcus faecalis Isolates Originating from Different Sources for Their
Virulence Factors and Genes, Antibiotic Resistance Patterns, Genotypes and Bio-
film Production. Iranian Journal of Veterinary Research, 16, 261-266.

Shankar, N., Baghdayan, A.S. and Gilmore, M.S. (2002) Modulation of Virulence
within a Pathogenicity Island in Vancomycin-Resistant Enterococcus faecalis. Na-
ture, 417, 746-750. https://doi.org/10.1038/nature00802

Upadhyaya, P.M.G., Ravikumar, K.L. and Umapathy, B.L. (2009) Review of Viru-
lence Factors of Enterococcus: An Emerging Nosocomial Pathogen. Indian Journal
of Medical Microbiology, 27, 301-305. https://doi.org/10.4103/0255-0857.55437

Clinical and Laboratory Standards Institute (CLSI) (2018) Performance Standards
for Antimicrobial Susceptibility Testing, 28th Edition. CLSI supplement M100,
Wayne.

Tendolkar, P.M., Baghdayan, A.S., Gilmore, M.S. and Shankar, N. (2004) Entero-
coccal Surface Protein, Esp, Enhances Biofilm Formation by Enterococcus faecalis.
Infection and Immunity, 72, 6032-6039.
https://doi.org/10.1128/T1A1.72.10.6032-6039.2004

Stepanovi, S., Vukovi¢, D., Hola, V., Di Bonaventura, G., Djuki¢, S., Cirkovi¢, 1., et
al (2007) Quantification of Biofilm in Microtiter Plates: Overview of Testing Con-
ditions and Practical Recommendations for Assessment of Biofilm Production by
Staphylococci. APMIS, 115, 891-899.
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x

Dupre, 1., Zanetti, S., Schito, A.M., Fadda, G. and Sechi, L.A. (2003) Incidence of
Virulence Determinants in Clinical Enterococcus faecium and Enterococcus faecalis
Isolates Collected in Sardinia (Italy). Journal of Medical Microbiology; 52, 491-498.
https://doi.org/10.1099/jmm.0.05038-0

Agéncia Nacional de Vigilancia Sanitaria (ANVISA) (2019) Controle de infecgdo
hospitalar: Balango e reflexdes. Ascom/Anvisa.

Cattoir, V. and Giard, J.G. (2014) Antibiotic Resistance in Enterococcus faecium
Clinical Isolates. Expert Review of Anti- Infective Therapy, 12, 239-248.
https://doi.org/10.1586/14787210.2014.870886

European Committee on Antimicrobial Susceptibility Testing (EUCAST) (2018)
Breakpoint Tables for Interpretation of MICs and Zone Diameters.

Agéncia Nacional de Vigilancia Sanitaria (ANVISA) (2004) Procedimentos Labora-
toriais: Requisi¢do do Exame—Analise Microbioldgica. Manual de Microbiologia
Clinica para o Controle de Infec¢do em Servigos de Satude.

Strateva, T., Atanasova, D., Savov, E., Petrova, G. and Mitov, I. (2016) Incidence of
Virulence Determinants in Clinical Enterococcus faecalis and Enterococcus faecium
Isolates Collected in Bulgaria. 7he Brazilian Journal of Infectious Diseases, 20, 127-133.

DOI: 10.4236/aim.2023.136019

313 Advances in Microbiology


https://doi.org/10.4236/aim.2023.136019
https://doi.org/10.1038/nrmicro2415
https://doi.org/10.31514/rliberato.2013v14n22.p213
https://doi.org/10.1128/CMR.7.4.462
https://doi.org/10.4161/viru.28998
https://doi.org/10.1038/nature00802
https://doi.org/10.4103/0255-0857.55437
https://doi.org/10.1128/IAI.72.10.6032-6039.2004
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x
https://doi.org/10.1099/jmm.0.05038-0
https://doi.org/10.1586/14787210.2014.870886

B. de Azevedo Ramos et al.

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

(38]

https://doi.org/10.1016/j.bjid.2015.11.011

Lima, A.V.A,, Silva, S.M., Nascimento Junior, J.A.A., Correia, M.D.S., Luz, A.C.,
Leal-Balbino, T.C., et al. (2020) Occurrence and Diversity of Intra- and Interhospit-
al Drug-Resistant and Biofilm-Forming Acinetobacter baumannii and Pseudomo-

nas aeruginosa. Microbial Drug Resistance, 26, 802-814.
https://doi.org/10.1089/mdr.2019.0214

Aratjo, B.C., Melo, R.C., Bortoli, M.C., Bonfim, J.R.A. and Toma, T.S. (2022) Pre-
vention and Control of Antimicrobial Resistance in Primary Health Care: Evidence
for Policies. Ciéncia & Saiide Coletiva, 27, 299-314.
https://doi.org/10.1590/1413-81232022271.22202020

Pan American Health Organization (PAHO) (2019) Biennial Meeting of the Latin
American and the Caribbean Network for Antimicrobial Resistance Surveillance.
Brazil.

Oancea, C., Klare, 1., Witte, W. and Werner, G. (2004) Conjugative Transfer of the
Virulence Gene, Esp, among Isolates of Enterococcus faecium and Enterococcus
faecalis. Journal of Antimicrobial Chemotherapy, 54, 232-235.
https://doi.org/10.1093/jac/dkh249

Medeiros, A.W., Pereira, R.I., Oliveira, D.V., Martins, P.D., d’Azevedo, P.A., Van
der Sand, S., et al (2014) Molecular Detection of Virulence Factors among Food

and Clinical Enterococcus faecalis Strains in South Brazil. Brazilian Journal of Mi-
crobiology, 45, 327-332. https://doi.org/10.1590/S1517-83822014005000031

Di Rosa, R., Creti, R., Venditti, M., D’Amelio, R., Arciola, C.R., Montanaro, L., ef al.
(2006) Relationship between Biofilm Formation, the Enterococcal Surface Protein
(Esp) and Gelatinase in Clinical Isolates of Enterococcus faecalis and Enterococcus
faecium. FEMS Microbiology Letters, 256, 145-150.
https://doi.org/10.1111/j.1574-6968.2006.00112.x

Feng, J., Wang, T., Zhang, S., Shi, W. and Zhang, Y. (2014) An Optimized SYBR
Green I/PI Assay for Rapid Viability Assessment and Antibiotic Susceptibility Test-
ing for Borrelia burgdorferi. PLOS ONE, 9, €e111809.
https://doi.org/10.1371/journal.pone.0111809

Soler-Arango, J., Figoli, C., Muraca, G., Bosch, A. and Brelles-Marifio, G. (2019)
The Pseudomonas aeruginosa Biofilm Matrix and Cells Are Drastically Impacted by
Gas Discharge Plasma Treatment: A Comprehensive Model Explaining Plasma-
Mediated Biofilm Eradication. PLOS ONE, 14, e0216817.
https://doi.org/10.1371/journal.pone.0216817

Silva, S.M., Ramos, B.A., S4, R.A.Q.C., Silva, M.V.D., Correia, M.T.S. and Oliveira,
M.B.M. (2022) Investigation of Factors Related to Biofilm Formation in Providencia
stuartii. Anais da Academia Brasileira de Ciéncias, 94, €20210765.
https://doi.org/10.1590/0001-3765202220210765

Flemming, H.C., Wingender, J., Szewzyk, U., Steinberg, P., Rice, S.A. and Kjelle-
berg, S. (2016) Biofilms: An Emergent Form of Bacterial Life. Nature Reviews Mi-
crobiology, 14, 563-575. https://doi.org/10.1038/nrmicro.2016.94

Maillard, J.Y. and McBain, A. (2019) Biofilm in Healthcare Settings and Their Con-
trol. Letters in Applied Microbiology, 68, 268. https://doi.org/10.1111/lam.13147

DOI: 10.4236/aim.2023.136019

314 Advances in Microbiology


https://doi.org/10.4236/aim.2023.136019
https://doi.org/10.1016/j.bjid.2015.11.011
https://doi.org/10.1089/mdr.2019.0214
https://doi.org/10.1590/1413-81232022271.22202020
https://doi.org/10.1093/jac/dkh249
https://doi.org/10.1590/S1517-83822014005000031
https://doi.org/10.1111/j.1574-6968.2006.00112.x
https://doi.org/10.1371/journal.pone.0111809
https://doi.org/10.1371/journal.pone.0216817
https://doi.org/10.1590/0001-3765202220210765
https://doi.org/10.1038/nrmicro.2016.94
https://doi.org/10.1111/lam.13147

	Virulence Factors and Biofilm Formation in Vancomycin Resistant Enterococcus faecalis and Enterococcus faecium Isolates in Brazil
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Bacterial Samples
	2.2. MALDI-TOF Mass Spectrometry
	2.3. Virulence Gene Detection
	2.4. Cell Surface Hydrophobicity Determination
	2.5. Biofilm Formation
	2.6. Fluorescence Microscopy Biofilm Analysis
	2.7. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Funding
	Conflicts of Interest
	References

