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AbstrAct
Introduction: Vancomycin-resistant enterococci (VRE) are important causative agents of healthcare-associated infections. This 
study investigated the prevalence of VRE isolates of clinical specimens from a tertiary hospital in Southern Thailand and their 
biofilm formation and associated virulence factors.
Methods: This retrospective study was conducted from February 2011 to March 2021 at a 1,000-bed tertiary care hospital in 
Songkhla Province in Southern Thailand.
Results: In total, 95 VRE isolates were collected. Urine had the highest VRE prevalence (38%), followed by pus or secretions (23%) 
and the digestive tract (19%). VRE infections were most common in medical (45%) and surgical wards (19%). VRE strains were 
equally resistant (85–100%) to the six classes of antibiotics commonly used in a tertiary care hospital. Biofilms were produced 
by 73% of the multidrug-resistant strains; however, 93% of VRE isolates lacking hyl were highly capable of producing biofilms.
Conclusions: No relationship was observed between virulence genes and biofilm formation. Thus, efforts to establish appropriate 
treatment and control measures are necessary, as distinctive VRE characteristics are relevant to the treatment of enterococcal 
infections in hospitals.
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INtrODUctION

Enterococci are facultative anaerobic gram-positive 
cocci that form pairs or chains and reside in the gastro-
intestinal tract. Although there are many species of en-
terococci, the main species causing human diseases are 
Enterococcus faecalis and Enterococcus faecium. These 
can cause various infections, including urinary tract in-
fections, intra-abdominal infections, bacteremia, and 
endocarditis. Moreover, vancomycin (VAN)-resistant en-
terococci (VRE) are multidrug-resistant organisms that 
cause healthcare-associated infections and increase the 
duration of hospitalization and in-hospital mortalities 
[1, 2].

Several risk factors are associated with hospital-ac-
quired infections, including ventilator placement, inten-

sive care unit admission, urinary catheterization, surgical 
incision, prolonged hospitalization, diabetes, and expo-
sure to antimicrobials, particularly carbapenems, fluo-
roquinolones, ciprofloxacin (CIP), VAN, and piperacillin-
tazobactam (PTZ) [3]. High levels of gentamicin (GM) and 
VAN resistance in E. faecium and E. faecalis have been 
identified as a public health concern [4].

Nine pathogenic genes, namely vanA, vanB, vanC, 
vanD, vanE, vanG, vanL, vanM, and vanN, contribute to 
the regulation of VAN resistance in enterococci [5]. Col-
lectively, vanC2 and vanC3 are known as vanC2/3. VanE 
is involved in VAN resistance, but confers sensitivity to 
teicoplanin. The prevalence of VAN-resistant genes in 
VRE has been reported in different countries. For exam-
ple, in Ireland, the prevalence of vanA is suspected to 
be 52% (43/83) [6]. In addition, vanA from Enterococ-
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cus raffinosus has a prevalence of 58.3% in Bangladesh 
[7], while VanB from Enterococcus gallinarum has been 
identified in India, and its prevalence in China is 3.4% 
[8, 9]. Genes encoding disease severity factors in entero-
cocci, including those encoding gelatinase (gelE), ente-
rococcal surface protein (esp), combination factor (agg), 
hyaluronidase (hyl), and cytolysin (cyl, β-hemolysin), 
significantly promote enterococcal resistance and per-
sistence and induce biofilm formation. For instance, the 
Lorestan Hospital in Iran has a high incidence of biofilm-
forming E. faecium isolates from clinical samples and the 
environment. Moreover, in India, the biofilm generation 
rates for E. faecalis and E. faecium were 27.5 and 17.7%, 
respectively, in 2019 [10].

An increase in virulence determinants could threat-
en public health. In a VRE outbreak in Saudi Arabia in 
2017, 82.7% of the reported infections were from a uni-
versity hospital [11]. In 2017, VAN-resistant E. faecium 
was reported by the National Antimicrobial Resistance 
Surveillance Center of Thailand, Department of Medi-
cal Sciences. E. faecalis, E. faecium, and other Entero-
coccus spp. infection data from patients in 85 hospitals 
over a 20-year period (2000–2018) showed that these 
infections accounted for 0.7% and expanded to 9.9% of 
VRE cases [12]. Consequently, medical treatment costs 
and mortality rates are high, thereby increasing pressure 
on the economy. However, data on the characterization 
of VRE in tertiary hospitals in Southern Thailand remain 
limited. Therefore, this study aimed to investigate the 
antibiotic susceptibility patterns, biofilm formation, and 
virulence factors in VRE recovered from clinical samples 
to understand the pathogenic potential of these isolates. 
In addition to assisting in narrowing down the available 
options for treatment, knowledge of the prevalence and 
presence of virulence factors, including biofilm produc-
tion, may aid in comprehending the complicated patho-
genesis of VRE. These findings emphasize the impor-
tance of implementing strict infection control measures 
and highlight the role of antimicrobial stewardship of 
endemic infections in the region. 

MEtHODs

Bacterial isolation

This retrospective study was conducted from February 
2011 to March 2021 at a 1,000-bed tertiary care hos-
pital in Songkhla Province in Southern Thailand. Bacte-
rial strains were processed in the Microbiology Unit, 
Department of Pathology, Faculty of Medicine Prince of 
Songkla University following the guidelines of the Clini-
cal and Laboratory Standards Institute (CLSI) [13]. All VRE 
isolates were stored in 20% glycerol at −80 °C before use 

in the experiments. The isolates were identified and 
confirmed using polymerase chain reaction (PCR) with 
specific primers for the amplification of E. faecium ddl, 
as described by Dutka-Malen et al. [14]. Data from this 
study are available in the National Center for Biotech-
nology Information (NCBI) BioProjects database (PRJ-
NA707345 and PRJNA791465).

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using 
the disk diffusion method [13]. The different antibiotic 
disks (BD GmbH, Heidelberg, Germany) used were as fol-
lows: ampicillin (AMP, 10 µg; disk diffusion clinical break-
points: S ≥ 17; I; R ≤ 16), CIP (5 µg; disk diffusion clinical 
breakpoints: S ≥ 21; I = 16–20; R ≤ 15), penicillin (PCN, 10 
µg; disk diffusion clinical breakpoints: S ≥ 15; R ≤ 14), and 
VAN (30 µg; disk diffusion clinical breakpoints: S ≥ 17; I = 
15-16; R ≤ 14).

Patients admitted with prolonged VRE and mixed in-
fections with other bacteria are difficult to treat and are 
associated with a high mortality rate and limited thera-
peutic choices. Therefore, an infectious disease doctor 
decides on the laboratory determinations of pathogen 
susceptibility to antibiotics based on minimum inhibito-
ry concentration (MIC) breakpoints for Enterobacterales 
except for imipenem and meropenem, which are used 
for Pseudomonas infections as defined by CLSI M100 and 
CLSI 2013 for colistin. In addition, the other antibiotic 
susceptibilities of the identified gram-negative bacteria 
were tested against a panel of antibiotics: cefoperazone-
sulbactam (SCF, 75/30 µg; disk diffusion clinical break-
points: S ≥ 21; I = 16–20; R ≤ 15), cefotaxime (30 µg; 
disk diffusion clinical breakpoints: S ≥ 26; I = 23-25; R ≤ 
22), ceftazidime (CAZ, 30 µg; disk diffusion clinical break-
points: S ≥ 21; I = 18-20; R ≤ 17), ceftriaxone (30 µg; disk 
diffusion clinical breakpoints: S ≥ 23; I = 20-22; R ≤ 19), 
colistin (DA, 10 µg; disk diffusion clinical breakpoints: S 
≥ 21; I = 15-20; R ≤ 14), ertapenem (ERT, 10 µg; disk dif-
fusion clinical breakpoints: S ≥ 22; I = 19-21; R ≤ 18), GM 
(120 µg ; disk diffusion clinical breakpoints: S ≥ 10; I = 
7-9; R ≤ 6), imipenem (IMP, 10 µg disk diffusion clinical 
breakpoints: S ≥ 19; I = 16–18; R ≤ 15, according to CLSI 
M100), meropenem (MEM, 10 µg; disk diffusion clinical 
breakpoints: S ≥ 19; I = 16–18; R ≤ 15, according to CLSI 
M100), norfloxacin (NOR, 10 µg; S ≥ 17; I , 13–16; R, ≤ 12 
), and PTZ (100/10 µg; disk diffusion clinical breakpoints: 
S ≥ 21; I = 15-20; R ≤ 14). Antimicrobial susceptibility 
was assessed using inhibition zone diameter. According 
to these criteria, Enterococcus strains were classified as 
sensitive, intermediate, or resistant. 

Multidrug-resistant (MDR) strains were defined as 
strains resistant to one or more agents in three or more 
antimicrobial categories; extremely drug-resistant (XDR) 
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strains were those resistant to at least one agent in all 
but two or fewer antimicrobial categories; pandrug-re-
sistant strains were those resistant to all agents in all an-
timicrobial categories [15]. The MICs for AMP- and VAN-
resistant strains were ≥16 and ≥8 µg/mL, respectively.

Molecular detection of resistance and viru-
lence genes

DNA extraction was performed according to the manu-
facturer’s instructions using a GF-1 Bacterial DNA Extrac-
tion kit (Vivantis Technologies, Selangor Darul Ehsan, 
Malaysia). Virulence and VAN-resistant genes were de-
tected using specific primers (Table S1) [14-19]. PCR am-
plification was performed as follows: initial denaturation 
for 3 min at 94 °C; followed by 35 amplification cycles 
for 1 min at 94 °C, 1 min at 54 °C, and 1 min at 72 °C; 
and a final extension for 5 min at 72 °C. A 100-bp DNA 
ladder (GeneDireX, München, Germany) was used as a 
molecular-size marker.

E. faecalis ATCC51299 and E. faecium ATCC700221 
were used as positive controls for vanB and vanA, re-
spectively. The PCR product was sent for sequencing (1st 
BASE DNA Sequencing Services, Selangor Darul Ehsan, 
Malaysia), and sequence similarity was determined us-
ing the Basic Local Alignment Search Tool (BLAST) of the 
NCBI database. All datasets were submitted to the NCBI 
Sequence Read Archive (BioProject no. PRJNA707345 
and PRJNA791465).

Biofilm formation assay

Biofilm formation assays were conducted following pre-
vious guidelines [20-21]. Initially, purified Enterococcus 
colonies were resuspended in 10 mL tryptic soy broth 
(TSB; HI Media, Mumbai, India) and incubated for 18–
20 h at 37 °C. Subsequently, for each strain evaluated, 
20 µL bacterial suspension was added to three wells 
of sterile 96-well polystyrene microtiter plates contain-
ing 180 µL TSB augmented with 2% glucose. E. faecium 
(ATCC700221) was used as a positive control, and TSB 
broth (200 μL) was used as the negative control. The mi-
crotiter plates were incubated at 37 °C for 24 h, washed 
with sterile phosphate-buffered solution (PBS), dried at 
approximately 28–32 °C, and stained with 1% crystal vio-
let for 30 min. The wells were dried after being washed 
twice with sterile deionized water. Crystal violet dye 
was resuspended in 150 mL of 99% ethanol after being 
bound to adherent cells. The optical density (OD) of the 
solutions in the respective wells was measured at 570 
nm using a microtiter plate reader (Thermo Fisher Scien-
tific, Waltham, MA, USA). Each assay was performed in 
triplicate. Biofilm formation was categorized as negative, 
weak, moderate, or strong. The mean OD value over 
three standard deviations (SD) of the negative control 

was applied to define the cut-off value (ODc): ODc = av-
erage OD of the negative control plus (3 SD of the nega-
tive control). Each Enterococcus isolate was categorized 
as follows: OD < ODc = non-biofilm producer (category 
0); ODc < OD < 2 ODc = weak biofilm producer (category 
1); 2 ODc < OD < 4 ODc = moderate biofilm producer 
(category 2); and OD > 4 ODc = strong biofilm producer 
(category 3).

Microscopic analysis of biofilms

Scanning electron microscopy (SEM) and confocal laser 
scanning microscopy (CLSM) were performed to confirm 
the biofilms formed by the clinical isolates, and their 
phenotypic relationship was confirmed using crystal 
violet staining. SEM was performed as previously de-
scribed [22], with some modifications. Briefly, biofilms 
were formed on glass coverslips coated with TSB broth 
and incubated for 24 h. The coverslips were dried be-
fore rinsing twice with PBS and fixed in 2.5% glutaral-
dehyde for 2 h. Dehydration lasted 30 min and was ac-
complished using a series of ethanol dilutions (either 25, 
50, 75, or 100%). At the end of this process, critical point 
drying was performed before SEM analysis using a JEOL 
JSM 5800LV scanning microscope (JEOL, Tokyo, Japan) to 
acquire biofilm images for qualitative and quantitative 
analyses through biofilm visualization via CLSM.

CLSM analysis of biofilms

CLSM was performed as previously described [23]. Over-
night cultures were adjusted to 5 × 108 CFU/mL with an 
OD of 0.3 at 600 nm. The biofilms on the glass coverslips 
were rinsed thrice with PBS after 24 h. The viability of 
the biofilm cells was evaluated using a LIVE/DEAD Bac-
Light kit (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. To determine the baseline 
threshold for dead cells, the biofilms were treated with 
95% ethanol for 4 h as a negative control. The plates 
were then incubated in the dark for 15 min at approxi-
mately 28–32 °C. After staining, biofilm images were 
captured using an Olympus FluoView FV1000 confocal 
microscope (Olympus, Tokyo, Japan). A 10× water im-
mersion objective (10×/1.2 W) was used to observe bio-
films. Three distinct biofilms were used for each condi-
tion. Images with 512 × 512 resolution were acquired in 
at least four different regions of each surface analyzed. 
Biofilm composition from coverslips to biofilm surfaces 
was investigated using BioFilmAnalyzer, which is freely 
available at https://bitbucket.org/rogex/biofilmanalyz-
er/downloads/ [24].

Ethical statement

This study was approved by the institutional ethics com-
mittee of (blinded for review) (REC-63-129-4-8) and was 

http://rrml.ro/articole/annex/Annex_rrlm-2023-0013.pdf
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conducted per the principles of the Helsinki Declaration. 
Informed consent was waived because the samples were 
obtained during standard diagnostic care.

Statistical analysis

Demographic data are reported as counts with percent-
ages or median values with the interquartile range (IQR). 
SPSS Statistics, version 23 (SPSS inc., Chicago, IL, USA), 
was utilized to analyze all statistical data. The independ-
ent samples t-test was used to compare the values of 
continuous variables between groups. Two-tailed P-val-
ues < 0.05 were considered statistically significant.

rEsULts

Patient characteristics and VRE sources

In total, 95 VRE isolates were obtained from individual 
patients with enterococcal infection from different sam-
ples, including urine (n = 36), pus/secretions (n = 22; 
e.g., pancreatic cyst fluid, peritoneal dialysis fluid, and 
Jackson–Pratt drainage), rectal swabs (n = 18), blood (n 
= 10), tissue (n = 8), and pelvic (n = 1) samples. Of the 95 
VRE isolates, 55 (58%) and 40 (42%) were from women 
and men, respectively, with a female-to-male ratio of 

3:2. Moreover, 50% of the VRE-positive patients were 
aged ≥65 years, with a mean age of 64 years (IQR, 54–63 
years; range, 3 months to 90 years). Of these isolates, 43 
(45%), 18 (19%), and 11 (12%) were from the medical 
and surgical wards and intensive care unit, respective-
ly. Most VRE isolates were isolated from urine (n = 36, 
38%), followed by pus/secretions (n = 22, 23%), rectal 
swabs (n = 18, 19%), and blood (n = 10, 11%). Additional 
epidemiological data are presented in Table 1. 

Antimicrobial susceptibility patterns

The sensitivity of each VRE isolate to several antimicro-
bial classes was evaluated. Of the 95 clinical isolates, 72 
(76%), 64 (67%), 37 (39%), and <10 (<15%) were tested 
for susceptibility to AMP; IMP; PCN; and SCF, DA, NOR, 
CIP, and ERT, respectively. Table 2 presents the antibiotic 
resistance patterns of the 95 VRE isolates and also lists 
the antibiotics used in the study. These isolates exhib-
ited high rates of antibiotic resistance; 100, 98, 91, and 
96% of the isolates were resistant to VAN, CIP, NOR, and 
AMP; IMP; cefoperazone; and CAZ, respectively. Of the 
isolates, 75, 67, and 50% were susceptible to SCF, MEM, 
and ERT, respectively. High-level resistance to VAN (MIC 
≥256 mg/L) was observed in 78 (82%) VRE isolates.

table 1. clinical characteristics of patients with VRe infection recruited between February 2011 and 
March 2021 (n = 95)

Variables
No. of isolates with biofilm phenotype (%)

Strong Medium Strong or 
medium Weak All  

positive
Biofilm  

Negative
n P

Sex 0.878
Male 4 (10) 4 (10) 8 (20) 22 (55) 30 (75) 10 (25) 40 (42)
Female 1 (2) 6 (11) 7 (13) 35 (64) 42 (76) 13 (24) 55 (58)
Age, years 0.097
≤12 0 0 0 1 (25) 1 (25) 3 (75) 4 (4)
13–24 0 0 0 5 (86) 5 (83) 1 (17) 6 (6)
25–64 1 (2) 6 (15) 7 (17) 26 (63) 57 (80) 8 (20) 41 (43)
≥65 4 (9) 4 (9) 8 (18) 25 (57) 33 (75) 11 (25) 44 (46)
Clinical source 0.573
Urine 1 (3) 4 (11) 5 (14) 20 (56) 25 (69) 11 (31) 36 (38)
Pus or secretions 2 (9) 0 2 (9) 14 (64) 16 (73) 6 (27) 22 (23)
Rectal swabs 2 (11) 3 (17) 5 (28) 11 (61) 16 (89) 2 (11) 18 (19)
Blood 0 0 0 9 (90) 9 (90) 1 (10) 10 (11)
Tissue 0 3 (38) 3 (25) 2 (25) 5 (63) 3 (38) 8 (8)
Pelvic 0 0 0 1 (100) 1 (100) 0 1 (1)
Hospital unit 0.910
Medical wards 4 (9) 5 (12) 9 (21) 23 (53) 32 (74) 11 (26) 43 (45)
Gynecology ward 0 2 (25) 2 (25) 4 (50) 6 (75) 2 (25) 8 (8)
Intensive care units 0 1 (9) 1 (9) 7 (64) 8 (73) 3 (27) 11 (12)
Surgical wards 0 0 0 14 (78) 14 (78) 4 (22) 18 (19)
Operating room 1 (10) 2 (20) 3 (30) 6 (60) 9 (90) 1 (10) 10 (11)
Orthopedic ward 0 0 0 1 (50) 1 (50) 1 (50) 2 (2)
Pediatric ward 0 0 0 2 (67) 2 (67) 1 (33) 3 (3)
Total 5 (5) 10 (11) 15 (16) 57 (60) 72 (76) 23 (24) 95 (100)

VRE: Vancomycin-resistant enterococci
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Detection of resistance and virulence factor 
genes in VRE

VanA was detected in all 95 VRE strains; however, vanB, 
vanC, vanD, vanE, and vanF were not detected. Esp and 
hyl were identified in 87 (92%) and 7 (7%) of the isolates, 
respectively. However, none of the isolates harbored gel, 
cyt, cpd, or ebp. Table S1 shows the amplicons of the VRE 
isolates and the distribution of the resistance genes.

Genes associated with biofilm formation and 
their effects

The 95 VRE isolates were classified based on the extent 
of biofilm formation as follows: non-formers (n = 23, 
24%), weak formers (n = 57, 60%), moderate formers (n 
= 10, 11%), and strong formers (n = 5, 7%). Biofilm form-
ers accounted for 76% (n = 72) of all positive isolates, 
73% (n = 69) of MDR-VRE isolates, and 27% (n = 16) of 
XDR-VRE isolates. Regarding the effect of virulence fac-
tor genes, esp+ isolates produced more biofilms than 
those for hyl+ isolates, whereas hyl− isolates produced 
more biofilms than those of esp− isolates; however, no 
significant association was observed between virulence 
factor genes and biofilm formation (Table 3).

Additionally, clinical strains formed more biofilms 
than the ATCC700221 strain (Figure 1). Notably, clinical 
strains harboring esp genes and a strong biofilm pheno-

type had significantly higher biomass than those of the 
ATCC700221 strain and the strain with a weak biofilm 
phenotype (Figure 2).

DIscUssION

This study revealed that the distribution of VRE isolates 
differed according to the infection site. Most clinical iso-
lates were recovered from urine at 38%, which is lower 
than the 69.1% VRE prevalence in urine recorded in Tai-
wan [25]. In the present study, the highest number of 
isolates was from patients hospitalized in a medical ward 
(45%). Differences in the frequency of VRE infections 
have also been reported. For example, Karki et al. [26] re-
ported that VRE infections ranged from 8 to 29% in inpa-
tient wards in Australia. The regional disparities revealed 
in this study highlight that infection control for resistant 
pathogens should be based on local epidemiology.

We found that 73% of VRE strains were MDR, with the 
remaining 27% being XDR isolates. The prevalence of 
MDR-VRE was 1.5-fold higher in female inpatients than 
that in male inpatients, which contrasts with the results 
of a review of nine studies reporting that 59% of the pa-
tients with VRE bloodstream infections were men, with 
a male-to-female prevalence ratio of 1:4 [27]. These dis-
crepancies might be attributed to the differences in the 
study design and population.

table 2. list of antibiotics used in the study of VRe isolates (n = 95) 

Antibiotic n (%)
Susceptibility testing results

P
Sensitive Intermediate Resistant

Aminoglycoside ··
Gentamicin1 20 (21) 7 (35) 0 13 (65)
Beta-lactamase inhibitors >0.999
Ampicillin* 72 (76) 0 0 72 (100)
Penicillin* 37 (39) 0 0 37 (51)
Piperacillin/tazobactam2 12 (13) 0 0 12 (17)
Carbapenems 0.954
Imipenem2 64 (67) 1 (2) 0 63 (98)
Meropenem2 15 (16) 10 (67) 0 5 (33)
Ertapenem2 2 (2) 1 (50) 0 1 (50)
Cephalosporin <0.001
Cefotaxime1 13 (14) 2 (15) 0 11 (85)
Ceftazidime1 14 (15) 2 (14) 0 12 (86)
Ceftriaxone1 12 (13) 2 (17) 0 10 (83)
Cefoperazone1 11 (12) 1 (9) 0 10 (91)
Cefoperazone-sulbactam1 8 (8) 6 (75) 2 (25) 0
Fluoroquinolone >0.999
Ciprofloxacin* 2 (2) 0 0 2 (100)
Norfloxacin2 5 (5) 0 0 5 (100)
Glycopeptide ··
Vancomycin* 95 (100) 0 0 95 (100)
Polymyxin ··
Colistin2 8 (8) 4 (50) 0 4 (50)

VRE: Vancomycin-resistant enterococci; * CLSI antibiotics; 1High-level aminoglycoside resistance is interpreted as a positive or negative result based on the indicated cutoff values. The CLSI recommends reading 
gentamicin disk diffusion results at 16 to 18 h, gentamicin broth or agar dilution methods results at 24 h (reincubation required if susceptible at 24 h); 2 non-CLSI antibiotics were tested due to the inhibition zone 
diameter. Please see CLSI M100 document guidelines for further detailed recommendations on testing for each agent.  

http://rrml.ro/articole/annex/Annex_rrlm-2023-0013.pdf
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table 3. Relationship between biofilm-forming capacity and drug susceptibility patterns of VRE infec-
tion, resistance genes, and virulence factors

Type
No. of isolates with biofilm phenotype (%)

Strong Medium Strong or medium Weak All positive Negative Total n P
Pattern 0.218
XDR-VRE 0 4 (15) 4 (15) 18 (69) 22 (85) 4 (15) 26 (27)
MDR-VRE 5 (7) 6 (9) 11 (16) 39 (57) 50 (72) 19 (28) 69 (73)
Total 5 (7) 10 (11) 15 (16) 57 (60) 72 (76) 23 (24) 95 (100)
Resistance genes

vanA 5 (5) 10 (11) 15 (16) 57 (60) 72 (76) 23 (24) 95 (100) -
Virulence factors

esp+ 5 (6) 9 (11) 14 (17) 50 (57) 64 (74) 23 (26) 87 (92) 0.538
esp− 0 1 (13) 1(13) 7 (88) 8 (100) 0 8 (8)
hyl+ 1 (14) 1 (14) 2 (29) 4 (57) 6 (86) 1 (14) 7 (7) 0.431
hyl− 4 (5) 9 (10) 13 (15) 53 (60) 66 (75) 22 (25) 88 (93)

VRE: Vancomycin-resistant enterococci

Fig. 1. Scanning electron microscopy images of vancomycin-resistant enterococci isolates. Enterococ-
cus faecium (a–c) ATCC700221 and Enterococcus faecalis (d–f) ATCC51299. Clinical strain with strong 
biofilm formation (g–i); clinical strain with weak biofilm formation (j–l). Magnification 2,500×, 5,000× , 

and 10,000×; Bars = 10 μm.
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All isolates were resistant to VAN (n = 95) and AMP 
(n = 72). These VRE isolates exhibited 98, 50, and 33% 
susceptibility to IMP, ERT, and MEM, respectively, cor-
responding with previously reported findings [4]. Nota-
bly, the synergistic combination of SCF (cephalosporin 
drugs) and carbapenems may aid in treating enterococ-
cal infections [28]. The extensive use of antibiotics in 
hospitals could result in the rise of antibiotic-resistant 
enterococci in this region. Further studies are warranted 
to determine the rates of resistance to different antibiot-
ics among enterococci and mixed infections with other 
bacteria, and to assess their clinical efficacy. While se-
lecting an antibiotic, it is also important to remember 
that various nations have distinct antibiotic standards. 
Furthermore, regional recommendations and legal re-
strictions should be considered. Importantly, antibiotics 
considered critical should be used with extreme caution 
and never as first-line drugs.

In the present study, vanA was present in all VRE iso-
lates (95, 100%), whereas vanB, vanC, vanD, vanE, and 
vanF were not detected, which is consistent with previ-
ous reports, where the prevalence of vanA in VRE iso-
lates was 90% in the northwest of Iran [29] and 84% in 

Trinidad and Tobago [30]. VanA may be the most clini-
cally important genotype and can confer high levels of 
resistance to VAN and teicoplanin [31].

Although E. faecalis is normally less drug-resistant 
than E. faecium, we discovered that biofilm formation 
was more common in VRE isolates than previously de-
scribed for E. faecalis [32]. The prevalence of VRE bio-
films in this study was 76%, which is consistent with the 
80.36% prevalence in Enterococcus isolated from hu-
mans in Poland [33] and greater than the 28% reported 
earlier in northern India [34]. In our study, MDR-VRE iso-
lates were 2.5-fold more likely to produce biofilms than 
XDR-VRE isolates. These clinical isolates carry virulence 
factors involved in biofilm formation, and chronic infec-
tion with these strains typically causes severe disease 
with limited treatment options [35]. The increased prev-
alence of VRE, particularly VAN-resistant E. faecium, in 
various countries has been linked to the emergence and 
spread of vanA- and vanB-positive VRE with virulence 
factors, such as enterococcal surface protein (ESP) (esp), 
cytolysin (cyl), and hyaluronidase (hyl). ESP is a cell wall-
associated protein encoded by esp and was discovered 
on a pathogenicity island in MDR pathogenic E. faecalis 

Fig. 2. Confocal laser scanning microscopy images of Enterococcus faecium ATCC700221 and clinical 
strain biofilms (1VRE and 2VRE). Bio-volume of bacteria biofilms were quantified by Biofilm Analyzer 
software (https://bitbucket.org/rogex/biofilmanalyzer/downloads/). The results shown are the mean 
and standard deviation of three independent experiments. VRE: Vancomycin-resistant enterococci
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and E. faecium strains [36]. Furthermore, ESP aids in the 
colonization and persistence of E. faecalis strains in in-
creasing urinary tract infections and/or endocarditis and 
may contribute to biofilm formation and antimicrobial 
resistance. In the current study, the prevalence of VRE 
carrying esp was 74% (n = 64), which is consistent with 
findings from Brazil, where 70% of 240 enterococci sam-
ples carried esp, with E. faecalis and E. faecium account-
ing for 70.1 and 68.4%, respectively [37]. The expression 
level of esp varies depending on growth conditions, VRE 
strain, and country and is associated with initial connec-
tion and biofilm formation [38].

Notably, some VRE isolates lacking certain virulence 
genes formed biofilms (75–100%). Furthermore, the 
biomass from the clinical specimens was higher than 
that from the ATCC strain and clinical isolates with weak-
biofilm-former phenotypes.

We found a higher-than-usual frequency (approxi-
mately 96%) of biofilm formation, regardless of its 
strength, in VRE clinical isolates recovered from a ter-
tiary hospital in Southern Thailand. This frequency is 
considerably higher than those reported in other devel-
oping countries, where 68% of isolates in Tamil Nadu, 
India [39], and 64.40% of isolates from urinary tract in-
fections in a hospital in Dhaka, Bangladesh, were biofilm 
producers [40]. Moreover, we found that the ability to 
form biofilms did not correlate with the presence of esp, 
which is consistent with previous findings, where biofilm 
formation in Enterococcus isolates was not correlated 
with the presence of gel and esp [11]. Therefore, ESP is 
not crucial for biofilm formation, and more biofilm-asso-
ciated proteins, such as those encoded by gelE and agg, 
might be involved.

This study has some limitations. First, it was conduct-
ed in a single institution, and the sample size of VRE iso-
lates was relatively small. Second, we could not collect 
patient information, including chronic conditions and 
other clinical data. Third, we did not investigate the an-
timicrobial resistance mechanisms or their potential in-
teractions with virulence factor genes, which we intend 
to explore in future studies. Further studies with large 
sample sizes are required to investigate the relationship 
between biofilm production and other risk factors.

cONcLUsIONs

Biofilm production is an important virulence factor 
among MDR enterococcal isolates, and their eradica-
tion is extremely difficult. VAN, beta-lactamase inhibi-
tors, and fluoroquinolones may be ineffective against 
VRE infections in our region. In contrast, MEM and ERT 
are effective against VRE strains, and SCF can be used 
as an alternative to treat enterococcal infections. The 
molecular approach and SEM/CLSM are useful tools for 

detecting resistance and virulence genes and biofilm 
formation and should be used more regularly. With the 
considerable interest in Enterococcus as a potent patho-
gen, identifying factors associated with invasiveness and 
systemic diseases has become essential, and further in-
vestigation is required. Although we did not find a rela-
tionship between the presence of virulence genes and 
biofilm formation, awareness about VRE infections and 
vigilance in hospitals is necessary to control and prevent 
their spread to the environment.
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