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Vancomycin-resistant enterococci (VRE) are highly concerning bacteria listed on the Global Priority List of Antibi-
otic-Resistant Bacteria by the World Health Organization. Their resistance to antibiotics poses a significant threat to 
public health due to environmental pressures. This bacterium can survive and grow in harsh conditions and low-nu-
trient environments, and can easily be transmitted via the fecal-oral route. Water-borne VRE is an environmental and 
health problem. The aim of the present study was to investigate the prevalence of VRE isolates and their antibiotic 
patterns in environmental samples from the Ghale Rudkhan River in Guilan Province, Iran. The water samples were 
collected from the river and tested for the presence of Enterococci using bile esculin azide agar. After collection, the 
samples were identified using biochemical tests and molecular techniques with specific primers for the ddlE. Antibiot-
ic resistance patterns of the isolates were determined using an antibiogram test. Furthermore, molecular identification 
of the vancomycin-resistant isolates was conducted using polymerase chain reaction (PCR) with specific primers for 
the vanA and vanB genes.Out of 263 samples, Enterococci were found in 154 samples (69%) after a confirmatory 
ddlE gene PCR analysis. Among these isolates, 130 (84%) were identified as VRE. The results indicated that nearly 
all of the isolates had vancomycin-resistant genes, with 89 isolates (68.46%) carrying vanA and 111 isolates (85.38%) 
carrying vanB. This study reveals that many of the Enterococcal isolates obtained were resistant to streptomycin, kan-
amycin, gentamicin, and vancomycin. It also found that VRE carrying vanA and vanB genes are present in the Ghale 
Rudkhan River and that the sources of VRE are spread throughout the river basin. The high prevalence and antibiotic 
resistance rate of VRE strains of E. faecalis in water resources in Guilan province are concerning and require attention.
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Introduction
     Antibiotics have been instrumental in sav-

ing countless lives over the last century ( Kandeel 
et al. 2022). However, overuse and misuse of an-
tibiotics have resulted in the development of bac-
teria resistant to antibiotics. This has become a 
significant threat to human health ( Nemattalab et 
al.2022, Rohani et al. 2023). These resistant bac-
teria are responsible for causing around 700,000 
fatalities globally each year ( Zhou et al. 2023). 
Some strains of bacteria are capable of carrying 
resistance genes through plasmids, which can 
then be transmitted between various bacterial 
species. This transmission of genes can lead to a 
decreased susceptibility to commonly used anti-
biotics ( Im et al. 2023). In the case of Enterococ-
ci, these plasmid-mediated genes have contrib-
uted to the emergence of Vancomycin-Resistant 
Enterococci (VRE), which are a major concern 
in clinical settings ( Ferchichi et al. 2021). En-
terococcus faecalis is a gram-positive anaerobic 
bacterium that can be a member of a healthy hu-
man gut and skin microbiome ( Mechmechani 
et al.2022, Da Silva et al.2022) and a hospi-
tal-adapted multidrug-resistant opportunistic no-
socomial pathogen ( Tatta et al. 2023). E. faecalis 
leads to life-threatening systemic infections such 
as endocarditis, meningitis, surgical wounds, ab-
dominal and pelvic infections, and urinary tract 
infections, and can be linked to periprosthetic 
joint infections ( Voit  et al.2022, Ali et al. 2022,  
Zhou et al. 2023). E. faecalis is known to devel-
op resistance to various antibacterial agents, in-
cluding vancomycin, daptomycin, and linezolid. 
This resistance may be attributed to its thick cell 
wall ( Zhou et al. 2023). Enterococci, especial-
ly multidrug-resistant and vancomycin-resistant 
ones, are major causes of nosocomial infections 
in immunocompromised patients ( Zheng et al. 
2009). These bacteria can transfer antimicrobial 
resistance genes to other pathogenic organisms 
in the human gut, posing a threat to public health 
( Mirzaie et al. 2023).

The first-line treatment for systemic Entero-
coccal infections is glycopeptide antibiotics, pri-
marily vancomycin (Van) and teicoplanin (Tei) ( 
Mwikuma et al.2023). The use of glycopeptide 

antibiotics, especially vancomycin, has increased 
significantly in medical institutions. Unfortu-
nately, this has led to the emergence of vanco-
mycin-resistant enterococci (VRE) ( Nishiyama 
et al.2017). These enterococci can coexist in the 
same area, and it’s possible that they can share 
antibiotic-resistance genes with other members 
of microbial communities in natural environ-
ments such as soil and water ( Taylor et al. 2012). 
Vancomycin-resistant enterococci strains (VRE) 
have five resistance genes that produce products 
responsible for resistance to glycopeptide antibi-
otics. Among these five genes, vanA and vanB are 
more common, especially in E. faecalis and E. 
faecium. Strains with vanA gene are resistant to 
both vancomycin and tycoplanin, whereas strains 
with vanB gene are resistant only to vancomycin 
but sensitive to Teicoplanin( Honarm et al.2012, 
Moosavian et al.2018).Since vancomycin is the 
preferred medication for treating multi-drug re-
sistant Enterococci, therefore, understanding 
the epidemiology of VRE in the environment is 
crucial and is essential to determine the antibi-
otic resistance pattern of VRE isolates to com-
bat the spread of these strains ( Kalantari et al. 
2022). When enterococci resistant to clinically 
important antimicrobials are present in aquatic 
environments close to human communities, the 
risk of opportunistic infection by these bacteria 
increases both in medical institutions and in the 
general community. In this regard, in the present 
study, we investigated the prevalence of vanco-
mycin-resistant isolates and their antibiotic-re-
sistant patterns in the environmental samples 
from the Ghale Rudkhan River in Guilan Prov-
ince, Iran.
Material and Methods
Study Design and Samples 

     In this study, river water samples were col-
lected from the Ghalerudkhan River which flows 
through Fouman City. Sampling has been per-
formed five times from ten sites of the river and 
a total of 50 samples in 5 months. Water sam-
ples were collected in sterile polyethylene bottles 
stored on ice in a coolbox and transported to the 
microbiology laboratory immediately for water 
and microbial quality analysis. The experiments 
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were conducted within 5 hours after sampling. 
Temperature and pH were also determined using 
a thermometer (PDQ 400; Comark Thermom-
eters, London, England), and a pH meter (Gen 
wey, London, England) respectively.
Enumeration and isolation of bacteria

     The study involved analyzing water sam-
ples from the river to detect the presence of E. 
faecalis bacteria. The samples were subjected to 
a Most Probable Number (MPN) assay, which 
determined the concentration of E. faecalis in 
the sample. Dilutions of the sample were incu-
bated in tubes containing Azide Dextrose broth 
and were then placed on Bile Esculin agar. After 
incubation, colonies with brown halos were iden-
tified as E. faecalis. The tubes were incubated for 
24 to 48 hours at 35°C ± 0.5°C ( Nishiyama et 
al.2015). 
Antimicrobial Susceptibility Testing

     For the determination of antibiotic suscep-
tibility, the Kirby-Bauer disk diffusion method 
was used on Mueller-Hinton agar according to 
CLSI guidelines. Standard antimicrobial drugs 
(Mast, UK), including erythromycin (15 µg), 
vancomycin (30 µg), gentamicin (120 µg), am-
picillin (10 µg), kanamycin (30 µg), streptomy-
cin (30 µg), amikacin (30 µg), ciprofloxacin (5 
µg), and chloramphenicol (30 µg) were used for 
this aim. To standardize antibiotic susceptibility 
testing, a control sample of E. faecalis (ATCC 

10541) was used ( Hsueh et al. 2012, Humphries 
et al. 2021).
Chromosomal and Plasmid DNA Extraction

     All chromosomal DNA of E. faecalis strains 
were extracted using a high pure DNA template 
preparation kit (Roche, Germany) according to 
the manufacturer’s instructions to determine the 
frequency of vanA and vanB genes.
Amplification of vanA and vanB Genes by 
PCR

     PCR analysis was performed to detect 
vancomycin-resistant genes (vanA and vanB) 
using specific primers (Table 1). The PCR reac-
tions were conducted in a final volume of 25 µL, 
which contained 200 µM of nucleoside triphos-
phate, 10 pmol of each primer, 1 µg of extracted 
DNA, and one unit of Taq DNA polymerase. The 
amplification process involved pre-incubation at 
94ºC for five minutes, followed by 30 cycles of 
denaturation at 94ºC for 60 seconds, annealing 
at 63ºC for 60 seconds, extension at 72ºC for 60 
seconds, and a final extension at 72 ºC for 10 
minutes. The PCR products of vanA and vanB 
genes were confirmed by electrophoresis analy-
sis on a 1.5% agarose gel containing DNA-safe 
stain. The DNAs were visualized under UV light, 
and a 100-bp DNA ladder (Takara, Otsu, Japan) 
was used as the molecular size marker ( Erbas et 
al. 2016).

Table 1. Primer Sequences Used for the Amplification of vanA and vanB Genes

Table 2. Antibiotic susceptibility among E. faecalis isolates
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2.6. Statistical Analysis
The analysis was conducted using SPSS ver-

sion 21.0. The significance of differences was 
determined using Fisher’s exact tests. The statis-
tically significant difference was considered at P 
< 0.05.
3. Results
3.1. Bacterial Counts and Water Quality of the 
Ghale Rudkhan River

A total of 150 water samples, including 
ground and surface water, were collected from 
the village communities. The samples were taken 
from Ghale Rudkhan River and the pH and tem-
perature of the water were measured. Based on 
differences in their colonial morphologies, 263 
potential Enterococcus isolates were obtained. 
All isolates were identified as Gram-positive En-
terococcus and also met the preliminary identi-
fication criteria for Enterococcus species. How-
ever, only confirmatory ddl gene PCR analysis 
revealed 69% as E. faecalis isolates.
3.2. Antimicrobial Susceptibility of E. faecalis 
isolates

In total, 181 E. faecalis isolates were obtained 
from 263 Enterococcus isolates. Among these 
isolates, the highest resistance rate was observed 
against Streptomycin (96.68 %), while the low-
est rate was against Ampicillin (14.36 %). The 
results of antibiotic susceptibility testing are pre-
sented in Table 2.
3.3. Determination of Vancomycin-Resistant 
Genes

The study examined 130 Enterococcal iso-
lates obtained from mEI agar or Van-mEI agar 
to determine the presence of vancomycin-re-
sistant genes (vanA, vanB) using PCR analysis. 
The results showed that almost all of the isolates 
carried the vancomycin-resistant genes; with 89 
isolates (68.46%) carrying vanA and 111 isolates 
(85.38%) carrying vanB. 

In five isolates of vancomycin-resistant E. 
faecalis, neither of the two vancomycin-resistant 
genes was detected, that it may be the presence of 
other vancomycin-resistant genes such as vanD 
and vanE or their variants.
Discussion

New and improved methods for monitoring 

microbial pollution in freshwater recreational 
areas are being developed to provide faster and 
more reliable results ( Saleem et al. 2023). Riv-
ers that flow through areas with varying degrees 
of human activity may contain harmful microor-
ganisms, including drug-resistant (MDR) ones, 
which can pose a risk to public health. Therefore, 
it is important to monitor these waters for safe-
ty purposes. The presence of fecal Enterococci 
and E. coli, also known as FIB (fecal indicator 
bacteria), are reliable indicators of water quality 
( Gotkowska-Płachta et al. 2023).

E. faecalis is a bacteria found in the intestines 
of healthy individuals that can survive in differ-
ent environments such as soil, water, and food 
products ( Cattoir et al. 2022). It can cause se-
rious illness in people with weakened immune 
systems and has become resistant to many anti-
biotics ( Elashiry et al. 2023). MDR Enterococci 
pose a significant threat in today’s world as they 
are resistant to most of the latest antibiotics avail-
able to doctors in critical situations ( Rana et al. 
2023, Vase et al. 2023). 

In this study, we explored the distribution of 
VRE and the resistance of E. faecalis in the Gha-
le Rodkhan River basin. Our findings indicated 
that enterococci were present throughout the 
basin. This highlights the importance of under-
standing the distribution of VRE and enterococ-
ci resistance to clinical antimicrobials in aquatic 
environments. These insights can help identify 
possible transmission routes for antibiotic-re-
sistant bacteria and reveal bacterial dynamics 
in water environments. The reason we chose to 
investigate these areas is that they are popular 
among both native people and tourists for swim-
ming. Therefore, monitoring microbial load in 
these places is crucial.The results presented in 
this report were from the analysis of data ob-
tained the isolates are showing a relatively high 
resistance level to various antibiotics, including 
vancomycin, kanamycin, streptomycin, erythro-
mycin, amikacin, ampicillin, gentamicin, cipro-
floxacin, and chloramphenicol. The resistance 
to vancomycin is particularly high, with 71.81% 
of the isolates being resistant to it. Almost all 
strains (98.9%) showed resistance to streptomy-
cin. Out of all the antibiotics studied, ampicillin 
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showed the highest antibacterial effect on the iso-
lates, with a resistance rate of 14.36%. The PCR 
analysis result showed almost all of the isolates 
carried the vancomycin-resistant genes, with 89 
isolates (68.46%) carrying vanA and 111 isolates 
(85.38%) carrying vanB. The prevalence and an-
tibiotic resistance patterns of VREs in clinical 
and environmental samples vary across regions 
( Markwart  et al. 2019, Friedman et al. 2019 - 
Wada et al. 2020). In a study similar to the pres-
ent one, Alipour et al. investigated the presence 
of Enterococcus spp, and their antibiotic resist-
ance patterns in samples taken from a river and 
coastal waters in Mazandaran Province, Iran. Out 
of 70 isolated Enterococci, 68.6% and 20% were 
identified as E. faecalis and E. faecium, respec-
tively. The study found a high resistance rate to 
chloramphenicol, ciprofloxacin, and tetracycline 
( Alipour et al. 2014). Zavaryani et al. conducted 
a study to evaluate the susceptibility of 400 Ente-
rococcus species to five antibiotics, which were 
vancomycin, gentamicin, teicoplanin, fosfomy-
cin trometamol, and quinupristin/dalfopristin. 
The results showed that vancomycin and teico-
planin were the most effective antibiotics against 
the clinical Enterococcus isolates, whereas 
quinupristin/dalfopristin was the least effective 
( Zavaryani et al. 2020). In another study, Maza-
heri et al. investigated the prevalence of VREs 
among dried vegetable samples in Tehran, Iran, 

and found that 48% of the isolates were VREs ( 
Mazaheri et al. 2019). In a study by Roberts et al., 
they collected and screened 245 samples for ac-
quired vanA, vanB, and/or intrinsic vanC1 genes, 
including 156 from crows and 89 from the envi-
ronment, to determine the prevalence of VREs. 
Out of all the samples that were tested, 24.5% of 
the crow samples and 55% of the environmen-
tal/cow samples were found to be VRE-positive. 
Also, four strains of vanA E. faecium and multi-
ple strains of vanC1 E. gallinarum were identified 
from crows at three locations. In addition, E. fae-
cium carrying vanA, vanB, and vanC1, and other 
Enterococcus  species carrying vanA and vanC1 
were found in three different environments. All 
of these Enterococcus strains were found to be 
MDR ( Roberts et al. 2019). Rezvani et al. in-
vestigated the incidence and antibiotic resistance 
patterns of Enterococcus spp. in patients with 
gastroenteritis. In the samples tested, Enterococ-
cus spp. was found in 37% of them. The majori-
ty of these samples were identified as E. faecalis 
(91%), while the remaining 9% were identified 
as E. faecium. Among the Enterococcus isolates, 
the prevalence of VREs was relatively low (6%). 
All of the VREs identified belonged to E. faecalis 
( Rezvani et al. 2016). Khanmohammadi et al. 
investigated the prevalence of VRE among fecal 
and clinical samples. The prevalence of VRE in 
fecal samples (52%) was higher than in clinical 
isolates (32%) ( Khanmohammadi et al. 2018).
Conclusion

The prevalence of VREs in the areas under 
study is relatively high, which poses a significant 
epidemiological threat and a risk to public health. 
There is a possibility of horizontal gene transfer 
among the bacteria, which may transmit resistant 
genes from VREs to other bacteria. Therefore, it 
is essential to take necessary measures to identi-
fy the source of the pollution and prevent swim-
ming in areas with high levels of bacterial pollu-
tion until the issue is resolved.
Conflicted of Interest

No conflicts of interest
References

Kandeel M, Sharaf M, Hamad AM, O. Ba-
balghith A, Abdalla M, Arif M, et al. Novel copper 

Figure 1. vanB gene, 2: negative control, 3: vanA gene, 4: 
100 bp DNA Marker, 5: vanA gene, 6: negative control, 7, 
8: vanB gene 



Biotechnological Journal of Environmental Microorganisms(BJEM) 2(8) 2024 395-401

400

oxide bio-nanocrystals to target outer membrane lec-
tin of vancomycin-resistant Enterococcus faecium 
(VREfm): In silico, bioavailability, antimicrobial, and 
anticancer potential. Molecules. 2022;27(22):7957.

Nemattalab M, Rohani M, Evazalipour M, Hesari 
Z. Formulation of Cinnamon (Cinnamomum verum) 
oil loaded solid lipid nanoparticles and evaluation of 
its antibacterial activity against Multi-drug Resistant 
Escherichia coli. BMC Complementary Medicine 
and Therapies. 2022;22(1):1-10.

Rohani M, Nemattalab M, Hedayati M, Ghasemi S, 
Hesari Z. Comparison of chitosan and SLN nano-de-
livery systems for antibacterial effect of cinnamon 
(Cinnamomum verum) oil against MDR K pneumoni-
ae and E coli. Physica Scripta. 2023;98(10):105002.

Zhou H, Yang X, Yang Y, Niu Y, Li J, Fu X, et al. 
Docosahexaenoic acid inhibits pheromone-respon-
sive-plasmid-mediated conjugative transfer of antibi-
otic resistance genes in Enterococcus faecalis. Jour-
nal of Hazardous Materials. 2023;444:130390.

Im EJ, Lee HH-Y, Kim M, Kim M-K. Evalua-
tion of Enterococcal Probiotic Usage and Review 
of Potential Health Benefits, Safety, and Risk of 
Antibiotic-Resistant Strain Emergence. Antibiotics. 
2023;12(8):1327.

Ferchichi M, Sebei K, Boukerb AM, Kar-
ray-Bouraoui N, Chevalier S, Feuilloley MG, et al. 
Enterococcus spp.: Is It a Bad Choice for a Good 
Use—A Conundrum to Solve? Microorganisms. 
2021;9(11):2222.

Mechmechani S, Gharsallaoui A, Fadel A, El Om-
ari K, Khelissa S, Hamze M, Chihib N-E. Microen-
capsulation of carvacrol as an efficient tool to fight 
Pseudomonas aeruginosa and Enterococcus faecalis 
biofilms. Plos one. 2022;17(7):e0270200.

Da Silva RA, Tay WH, Ho FK, Tanoto FR, 
Chong KK, Choo PY, et al. Enterococcus faecalis 
alters endo-lysosomal trafficking to replicate and 
persist within mammalian cells. PLoS pathogens. 
2022;18(4):e1010434.

Tatta ER, Paul S, Kumavath R. Transcriptome 
analysis revealed the synergism of novel rhodethrin 
inhibition on biofilm architecture, antibiotic resist-
ance and quorum sensing in Enterococcus faecalis. 
Gene. 2023;871:147436.

Voit M, Trampuz A, Gonzalez Moreno M. In Vit-
ro Evaluation of Five Newly Isolated Bacteriophag-
es against E. faecalis Biofilm for Their Potential Use 
against Post-Treatment Apical Periodontitis. Pharma-
ceutics. 2022;14(9):1779.

Ali IA, Neelakantan P. Antibiofilm activity of phy-
tochemicals against Enterococcus faecalis: A literature 

review. Phytotherapy Research. 2022;36(7):2824-38.
Zhou X-M, Hu Y-Y, Fang B, Zhou C-H. Ben-

zenesulfonyl thiazoloimines as unique multitarget-
ing antibacterial agents towards Enterococcus fae-
calis. European Journal of Medicinal Chemistry. 
2023;248:115088.

Zheng B, Tomita H, Inoue T, Ike Y. Isolation of 
VanB-type Enterococcus faecalis strains from no-
socomial infections: first report of the isolation and 
identification of the pheromone-responsive plasmids 
pMG2200, encoding VanB-type vancomycin resist-
ance and a Bac41-type bacteriocin, and pMG2201, 
encoding erythromycin resistance and cytolysin 
(Hly/Bac). Antimicrobial Agents and Chemotherapy. 
2009;53(2):735-47.

Mirzaie S, Faghiri I, Askari Badouei M, Madani 
SA. Molecular detection and occurrence of vancomy-
cin resistance genes (van A, B, C1, C2/C3) among 
Enterococcus species isolated from farm ostriches. 
Veterinary Medicine and Science. 2023;9(1):226-33.

Mwikuma G, Kainga H, Kallu SA, Nakajima C, 
Suzuki Y, Hang’ombe BM. Determination of the 
Prevalence and Antimicrobial Resistance of Entero-
coccus faecalis and Enterococcus faecium Associated 
with Poultry in Four Districts in Zambia. Antibiotics. 
2023;12(4):657.

Nishiyama M, Ogura Y, Hayashi T, Suzuki Y. An-
tibiotic resistance profiling and genotyping of vanco-
mycin-resistant enterococci collected from an urban 
river basin in the provincial city of Miyazaki, Japan. 
Water. 2017;9(2):79.

Taylor NG, Verner-Jeffreys DW, Baker-Austin C. 
Aquatic systems: maintaining, mixing and mobilising 
antimicrobial resistance? Trends in ecology & evolu-
tion. 2011;26(6):278-84.

Honarm H, Ghavidel MF, Nikokar I, Taromsari 
MR. Evaluation of a PCR assay to detect Enterococ-
cus faecalis in blood and determine glycopeptides re-
sistance genes: van A and van B. Iranian journal of 
medical sciences. 2012;37(3):194.

Moosavian M, Ghadri H, Samli Z. Molecular 
detection of vanA and vanB genes among vancomy-
cin-resistant enterococci in ICU-hospitalized patients 
in Ahvaz in southwest of Iran. Infection and Drug Re-
sistance. 2018:2269-75.

Kalantari H, Hajizade A, Issazadeh K, Faezi 
Ghasemi M. A Study on the Prevalence of Vanco-
mycin-resistant Enterococci and Their Antibiotic 
Resistance Pattern in Recreational Waters in Guilan 
Province, Iran. Iranian Journal of Medical Microbiol-
ogy. 2022;16(3):251-8.

Nishiyama M, Iguchi A, Suzuki Y. Identification 



Biotechnological Journal of Environmental Microorganisms(BJEM) 2(8) 2024 395-401

401

of Enterococcus faecium and Enterococcus faeca-
lis as vanC-type Vancomycin-Resistant Enterococci 
(VRE) from sewage and river water in the provincial 
city of Miyazaki, Japan. Journal of Environmental 
Science and Health, Part A. 2015;50(1):16-25.

Hsueh P-R, Ko W-C, Wu J-J, Lu J-J, Wang F-D, 
Wu H-Y, et al. Consensus statement on the adher-
ence to Clinical and Laboratory Standards Institute 
(CLSI) Antimicrobial Susceptibility Testing Guide-
lines (CLSI-2010 and CLSI-2010-update) for Entero-
bacteriaceae in clinical microbiology laboratories in 
Taiwan. Journal of Microbiology, Immunology and 
Infection. 2010;43(5):452-5.

Humphries R, Bobenchik AM, Hindler JA, 
Schuetz AN. Overview of changes to the clinical and 
laboratory standards institute performance standards 
for antimicrobial susceptibility testing, M100. Jour-
nal of clinical microbiology. 2021;59(12):10.1128/
jcm. 00213-21.

Erbas G, Parin U, Turkyilmaz S, Ucan N, Ozturk 
M, Kaya O. Distribution of antibiotic resistance genes 
in Enterococcus spp. isolated from mastitis bovine 
milk. Acta Vet Beograd. 2016;66:336-46.

Saleem F, Schellhorn HE, Simhon A, Edge TA. 
Same-day Enterococcus qPCR results of recreational 
water quality at two Toronto beaches provide added 
public health protection and reduced beach days lost. 
Canadian Journal of Public Health. 2023;114(4):676-
87.

Gotkowska-Płachta A, Gołaś I. The Importance 
of Enterococci in the Monitoring of Fecal Pollution 
in River Water in Forests and Urban Areas. Water. 
2023;15(21):3708.

Cattoir V. The multifaceted lifestyle of enterococci: 
genetic diversity, ecology and risks for public health. 
Current Opinion in Microbiology. 2022;65:73-80.

Elashiry MM, Bergeron BE, Tay FR. Enterococ-
cus faecalis in secondary apical periodontitis: Mech-
anisms of bacterial survival and disease persistence. 
Microbial Pathogenesis. 2023;183:106337.

Rana ML, Firdous Z, Ferdous FB, Ullah MA, Sid-
dique MP, Rahman MT. Antimicrobial Resistance, 
Biofilm Formation, and Virulence Determinants in 
Enterococcus faecalis Isolated from Cultured and 
Wild Fish. Antibiotics. 2023;12(9):1375.

Vase H, Nemattalab M, Rohani M, Hesari Z. Com-
parison of chitosan and SLN nano-delivery systems 
for antibacterial effect of tea tree (Melaleuca alterni-
folia) oil against P. aeruginosa and S. aureus. Letters 
in Applied Microbiology. 2023;76(11):ovad130.

Markwart R, Willrich N, Haller S, Noll I, Koppe 
U, Werner G, et al. The rise in vancomycin-resistant 

Enterococcus faecium in Germany: data from the Ger-
man Antimicrobial Resistance Surveillance (ARS). 
Antimicrob Resist Infect Control. 2019;8:147.

Friedman M. Antibiotic-resistant bacteria: prev-
alence in food and inactivation by food-compatible 
compounds and plant extracts. J Agric Food Chem. 
2015;63(15):3805-22.

Wada Y, Harun AB, Yean CY, Zaidah AR. Vanco-
mycin-Resistant Enterococci (VRE) in Nigeria: The 
First Systematic Review and Meta-Analysis. Antibi-
otics (Basel). 2020;9(9).

Alipour M, Hajiesmaili R, Talebjannat M, Yahya-
pour Y. Identification and antimicrobial resistance of 
Enterococcus spp. isolated from the river and coast-
al waters in northern Iran. ScientificWorldJournal. 
2014;2014:287458.

Zavaryani SM, Mirnejad R, Piranfar V, Moghadd-
am MM, Sajjadi N, Saeedi S. Assessment of suscepti-
bility to five common antibiotics and their resistance 
pattern in clinical Enterococcus isolates. Iranian jour-
nal of pathology. 2020;15(2):96.

Mazaheri Nezhad Fard R, Soltan Dallal MM, Ab-
baspour M, Rajabi Z. Study of vanA, B, C, D, E genes 
in vancomycin resistant Enterococci isolated from re-
tailed dried vegetables in Tehran, Iran. Int J Enteric 
Pathog. 2019;7(1):9-14.

Roberts MC, No DB, Marzluff JM, Delap JH, 
Turner R. Vancomycin resistant Enterococcus spp. 
from crows and their environment in metropolitan 
Washington State, USA: Is there a correlation be-
tween VRE positive crows and the environment? Vet-
erinary Microbiology. 2016;194:48-54.

Rezvani J, Nasr R, Shamsabadi FT, Eidgahi MRA. 
Frequency of vanA, VanB and VanH variants amongst 
vancomycin-resistant Enterococci isolated from pa-
tients in central region of Iran. Gastroenterology and 
hepatology from bed to bench. 2016;9(4):308.

Khanmohammadi S, Nahaei MR, Rezaee MA, 
Sadeghi J. Frequency of vancomycin resistance 
and vanA gene in enterococci isolated from Tabriz 
Children’s teaching and treatment center. Medical 
Journal of Tabriz University of Medical Sciences. 
2018;40(4):16-23.


