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Abstract---Background: Globally, urinary tract infections (UTIs) 

constitute the most prevalent health issue. UTIs are challenging to 

cure due to the emergence of antibiotics resistant bacterial strains. 
This research aimed to determine the incidence of UTIs, identify the 

causative bacteria, and evaluate antibiotic resistance profile and genes 

in Enterococcus faecalis. Materials and methods: In this study, twenty 

E. faecalis isolates from patients with urinary tract infection were 

identified; phenotypic and genotypic characteristics were investigated 

in Al-Najaf City, Iraq. Results: The data revealed different rates of 

resistance starting with high rate (65%) of isolates which were 
resistant to Nalidixic acid and (60%) of isolates resistant to 

Ciprofloxacin and Tetracycline. then ends with lower resistance which 

were (20%) of isolates have resistance to Imipenem and Fosfomycine. 

At the same respect, all isolates of E. faecalis displayed multi drug 

resistance (MDR). Antibiotics resistance genes bla-tem, emeA and gyrA 

were found in 100%, 95% and 55% of isolates, respectively. However, 
this research explained that none antibiotic was entirely working 

against all isolates. Conclusion: All E. faecalis isolates exhibited multi 

drug resistance (MDR), and the most potent antibiotics were imipenem 

and fosfomycin. The ability of E. faecalis isolates to carry antibiotics 

resistance gene such as (bla-tem, emeA and gyrA).  
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Introduction 

     

Urinary tract infections (UTIs) are the most prevalent bacterial infections that 

often affect all components of the urinary system. It is the second most common 
infection following respiratory tract infections, with a greater susceptibility rate 

among women than men [1]. Urinary tract infection is a frequent infection of the 

urethra, bladder, or kidney. Bacteria may enter the urethra and migrate to the 

bladder, producing an infection. The infection might also spread to the kidneys. 

UTI occur in males as well as women, however they are most common in women 

[2]. Enterococci are gram-positive, facultative anaerobic, non-spore forming, and 
catalase negative bacteria. They appear as single, pairs, or short chains of cocci 

when seen under a microscope. Enterococci classified as lactic acid bacteria. An 

estimated thirty-five species have been named and may be found all throughout 

the nature [3], [4]. The most of enterococcal infections are caused by two species: 

E. faecalis and E. faecium. Both species have intrinsic resistance to common 

antibiotics such cephalosporins, aminoglycosides, clindamycin, and 

trimethoprim-sulfamethoxazole [5].Many infections caused by E. faecalis, 
including urinary tract infections. This pathogen has gained great resistance to 

many antibiotics and possesses a large number of virulence factor genes.[6], [7]. 

Antibiotic resistance mechanisms in multidrug-resistant Enterococci include efflux 

pump overexpression, drug target change, and antimicrobial agent inactivation 

prior to reaching a target site. While bacteria generally employ efflux as a means 

of transporting nutrients, they may also use the same mechanism to expel 
antibiotics [8], [9]. 

      

For effective treatment and control of UTI in a particular area, a good knowledge 

of the antibiotic sensitivity pattern of the causative agents in that area is of 

ultimate importance [10]. The aim of study include investigation the occurrence of 

Enterococcus faecalis in the urinary tract infection as well as determining of their 
resistance to antibiotics and Detection of antibiotics resistance genes such as 

(emeA, gyrA and Bla tem). 

 

Materials and Methods 

 

Bacterial isolates 
        

During November 2021 to the end of January 2022, (20) Enterococcus faecalis 

isolates were collected from urine specimens of patients with urinary tract 

infection from Al-Kawthar health care center in Al-Najaf Al-Ashraf, Iraq. 

Specimens of urine were collected (in sterile containers, midstream urine). 

Identification of Enterococcus faecalis was performed based on a series of 

conventional microbiological tests include colonial morphology on blood agar, 
MacConkey agar, HiCrome™ UTI Agar and other biochemical tests. The 16s rRNA 

gene was targeted by Polymerase chain reaction (PCR) using specific primers[11] , 

and VITEK-2 compact system in order to confirm the identity of isolate. 
 

Antimicrobial susceptibility test 
       

The susceptibility of 20 E. faecalis strains to 11 antibiotics were measured. The 

following antimicrobials were tested: Amoxyclav, Fosfomycin, Naldixic acid, 
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Ciprofloxacin, Levofloxacin, Nitrofurantoin, Vancomycin, Rifampin, Imipenem, 

Tetracycline and Doxycycline.  

       
Mueller-Hinton agar (Himedia, India) plates were inoculated using a swab that 

had been immersed in a bacterial suspension standardized to match the turbidity 

of the 0.5 McFarland standard. The surface of the plate was swabbed in three 

directions to ensure a complete distribution of the inoculum over the entire plate. 

The antimicrobial Disks were applied and the plates were inverted for incubation 

at 37 ºC in 18-24 h. After incubation, the plate was examined and a circle zone of 
growth inhibition was seen around the disk. They were translated into 

interpretative categories of susceptible or resistant according to the guidelines of 

Clinical Laboratory Standards Institute (CLSI). 

 

DNA extraction 
    

Total DNA was extracted from colonies grown on agar plates by boiling method 

according to [12] with some modifications. One bacterial colony was took using 

sterile wooden stick from surface of agar plates and suspended in 500µl of 

distilled water. The suspension heated for 15 min at 100 ºC followed by 5 minute 

on ice rapidly. 
 

Gene detection 

     

PCR assay was performed for identification of E.faecalis, Specific 16S rRNA gene 

may be used as target for identification of specific species of bacteria, such as the 

study that used  E. faecalis-specific 16s rRNA gene primers were included as a 

control when the biochemical identification for E. faecalis was doubtful [13], [14]. 
Detection of antibiotics resistance genes include eme A gene (that encode multi-

drug efflux pumps), bla-TEM gene (that encoding for extended-spectrum β- 

lactamase) and gyr A gene (quinolones resistance genes). Table (1) demositrate 

primers used in this study.  

 

Table (1): primers used in this study 
 

Primers Sequence (5’-3’) 
Product    

size(bp) 
References 

16s rRNA 

for 

E.faecalis 

F: TGGCATAAGAGTGAAAGGCGC 

R: GGGGACGTTCAGTTACTAACGT 
290 [13], [14] 

eme A 
F: ACAGAAGAGCTGCAGGAAATG 

R: GACTGACGTCCAAGTTTCCAA 
123 [15] 

gyr A 
F: TTGCTAATGCTAGTCCACGACC 

R: GCGTCAACACTTGCATTGCCGAA 
575 [9] 

bla TEM 
F: ACCCCGTATCATTGGTTT 
R: ACGCATTGCTTTTCCATC 

766 [16] 

 

Results 

       

In the present study, 412 urinary specimens were examined. UTIs are diagnosed 

based on patient’s clinical symptoms, presence of leukocytes, and bacteria in the 
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urine. Of 412 specimens, 110 (26.7%) were positive for significant pyuria, while 

302 (73.3%) were insignificant. gram negative bacteria isolates including E. coli 
(36), followed by (21) Klebsiella ssp., (2) Proteus ssp., and (1) Pseudomonas 
spp..While gram-positive bacteria isolates were (29) Enterococcus spp. include (20) 

isolates of Enterococcus faecalis) followed by (21) Staphylococcus spp. Figure (1) 

show the percentage of bacteria that cause UTI in this study. 
 

 
Figure (1): percentage of bacteria that cause UTI in this study. 

 

Antimicrobial resistance pattern  

     

In this study, a total of 20 isolates of E. faecalis showed a high resistance level to 

many antibiotics, including various resistance rate among tetracycline's 
antibiotics, the resistance rate in tetracycline was 12 (60%), while doxycycline was 

7 (35%). Moreover, Enterococcus faecalis isolated in this study showed resistance 

to vancomycin at 10 (50%) and amoxiclave 11 (55%). At the same respect, the 

results displayed the resistance to nitrofurantoin was six isolates (30%), while 

various rates of resistance was observed with quinolones antibiotics including 

high resistance 13 (65%) by naldixic acid, ciprofloxacin and levofloxacin showed 
resistance rate 12 (60%), 11 (55%) respectively. Furthermore, the degrees of 

resistance for rifampin were 10 (50%). Lastly, this study declared that the most 

potent antibiotic was imipenem and fosfomycin that displayed a highest activity 

against this E.faecalis with low resistance rate 4 (20%) for each one of them. 

 

 
Figure (2): antibiotics resistance among E. faecalis isolates 

      



 

 

3477 

E. feacalis involved in urinary tract infections isolated from patients, showed 

resistance for many antibiotics. In addition, the high number of MDR isolates 

gives rise to concern, were all isolates show resistance to three or more of 

antibiotics used in this study. The emergence of enterococci that are resistant to 
many antibiotics, even newer antibiotics used as a last choice, is alarming and 

causes widespread worry. These are increasingly associated to severe human 

morbidity and mortality because of their various resistance to antimicrobial 

agents [17]. 

 

Distribution of antibiotics resistance genes 
Detection of bla-TEM gene 

     

 The results of PCR amplification of bla-TEM gene were revealed that all 20 

isolates of E. faecalis were positive. Figure (3) demonstrated the distribution of 

bla-TEM gene among the isolates. 

 

 
Figure (3): Electrophoresis diagram of PCR amplified products for extracted DNA 

of 20 isolates of E. faecalis using specific bla-TEM gene primer, lines 1 to 20 show 
positive products at 766 bp. Line M: molecular size DNA marker and products 

migrated at 75 volt for 80 minutes and stained with ethidium bromide 

 

Detection of eme A gene 

       

The results of PCR amplification of eme A gene (that encode multi-drug efflux 
pumps) revealed that most isolates of E. faecalis were positive. The figure (4) 

demonstrated that the results of PCR amplification for eme A gene were present in 

19 (95%) of isolates.  
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Figure (4): Electrophoresis diagram of PCR amplified products for extracted DNA 

of 20 isolates of E. faecalis using specific eme A gene primer show positive 

products at 123 bp. Line M: molecular size DNA marker and products migrated at 

75 volt for 80 minutes and stained with ethidium bromide 

 
Detection of gyr A gene 

       

The results of PCR amplification of gyr A gene (quinolones resistance genes) were 

revealed that gyr A gene were obvious in an amount reaching 11 (55%) positive 

product. Figure (5) demonstrated the distribution of gyr A gene among the 

isolates. 

 

 
Figure (5): Electrophoresis diagram of PCR amplified products for extracted DNA 

of 20 isolates of E. faecalis using specific gyr A gene primer show positive 
products at 575 bp. Line M: molecular size DNA marker and products migrated at 

75 volt for 80 minutes and stained with ethidium bromide 

 

 
Figure (3): percentage of antibiotics resistance gene among E. faecalis isolates 
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Discussion 

        

Enterococcus faecalis is a common cause of nosocomial infection with a significant 

increase in mortality rate over the past 2 decades. The failure of antibiotic therapy 
has led to an increased hospital stay and economic burden in patients [18]. The 

most potent antibiotic against E. faecalis in current study was imipenem with 

resistance rate (20%), that show increased in contrast with other studies 

conducted by [19], [20] that reported the resistance rate of E. faecalis to imipenem 

were (0%) and (15.9%) ,respectively. Also the result show agreement with [21] who 

reported that imipenem provide appropriate activity against E. faecalis. The same 

resistance result to tetracycline was also summarized with isolates of E. faecalis 
in patients with urinary tract infection (61%) [22], and [7] that report (59.5%) of E. 
faecalis was resist to tetracycline antibiotic.  

     

A high resistance rate to vancomycin drug this may be occur because efflux 

pump, vancomycin-resistant associated genes or the misuse of this medicine in 

the country and therefore is supposed to be the last route of treatment for 
Enterococcal infections. This is in contrast to other studies reported by [6], [23], 

[24] that were 4%, 0% and 0%, respectively. This study show resistance to 

Amoxicillin/clavulanic acid at resistance rate (55%), more than results in other 

study [25] that reported the resistance rate to Amoxicillin/clavulanic acid were 

(33.3%) In this study, fosfomycin resembles the second most active antibiotic 

against E. faecalis with 20% resistance, more than the result in other study [26] 
that was 0%. 

      

Rifampicin prevents transcription of mRNA by binding to the β-subunit of the 

Enterococcal DNA-dependent RNA polymerase [27]. Resistance to these drugs is 

common in this study, showed that (50%) of isolates were resist rifampicin, which 

lower than the studies [6] and [28] that reported (72%) and (85.7%) resistance 
rates, respectively. High resistance rate of E. faecalis to nalidixic acid antibiotic in 

this study that was (65%),  that show agreement with many studies [9], [29], [30] 

that report high resistance rate to nalidixic acid antibiotic 100%, 96% and 61.9%, 

respectively. 

      

The rate of ciprofloxacin resistance E. faecalis in this study was (60%). Previous 
researches were observed different rate of resistance to ciprofloxacin drug, in 

other study [23] E. faecalis isolates revealed that (23.6%) was resistance to 

ciprofloxacin while other study [28] revealed that (85.7%) was resistant.  

Levofloxacin antibacterial in present study approved effect against E. faecalis 

isolates more than ciprofloxacin, at resistance rate (55%), that show agreement 

with study [31] which reported the resistance rate to levofloxacin were (55%). And 

show disagreement with study [15] that reported (0%) of E. faecalis resist to 

levofloxacin, this may be occur because the isolation of E. faecalis  from other 
source. 

     

The mobile genetic elements act as reservoir for acquirement and dissemination of 

drug resistance factors among E. faecalis strains. Diverse plasmids have been 

described in E. faecalis which some of these encode important resistance gene 

including vancomycin, aminoglycosides, erythromycin and multi drug resistance 
[32].  In this study, we investigated the prevalence frequency of antibiotics 
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resistance genes among clinical isolates of E. faecalis. From this study, we report 

bla-tem that codes for extended-spectrum β-lactamase as the most prevalent 

antibiotics resistance genes among our isolates. The result in this study show the 

presence of bla-TEM gene in high percentage (100%) of E. faecalis isolates, in 

contrast with other study that conducted by [11] that reported the bla-TEM gene 

correlated with the origin of E. faecalis, were (53.3%) of the nosocomial infections 
isolates possessed this gene and (30%) of the endodontic isolates. Other study 

conducted by [33] reported (70%) of enterococcus have bla-TEM gene. 

      

Other major antibiotics resistance gene is emeA was distributed (95%) among E. 
faecalis isolates. E. faecalis shows high levels of resistance to many antimicrobial 

agents, presumably due to the presence of efflux pumps [34]. this study show the 

presence of eme A gene in percentage (95%) of E. faecalis isolates higher than 

results reported by [33] that include (55%) of isolates were harboring this gene. 
While other studies reported that the gene emeA was present in all isolates [35], 

[36]. 

     

Fluoroquinolones frequently used to treat E. faecalis UTIs and the emergence of 

fluoroquinolone-resistant E. faecalis strains have recently been reported in several 

countries. Resistance is mediated through chromosomes and/or plasmid by 

various mechanisms, including mutations in the structural genes targeted by 
fluoroquinolones, gyrA and gyrB coding for DNA gyrase, or parC and parE coding 

for topoisomerase IV, gyrA gene mutation is more important in fluoroquinolone 

resistance [35]. The result in this study show the presence of gyr A gene in 

percentage (55%) of E. faecalis isolates less than results reported by [9] that 

revealed (94.1%) of isolates were harboring this gene. While other study reported 

that the gene gyrA was no present in all isolates [28]. 

 
Conclusion 

     

All E. faecalis isolates exhibited multi drug resistance (MDR), and the most potent 

antibiotics were imipenem and fosfomycin. The ability of E. faecalis isolates to 

carry antibiotics resistance gene such as (bla-tem, emeA and gyrA). 

 

References 
 

1. A. Aghdam et al., “Cellular and Molecular Biology: Foreword,” Cell. Mol. Biol., 
vol. 51, no. 1, p. 1, 2017. 

2. A. C. Anderson, H. Andisha, E. Hellwig, D. Jonas, K. Vach, and A. Al-Ahmad, 

“Antibiotic resistance genes and antibiotic susceptibility of oral enterococcus 

faecalis isolates compared to isolates from hospitalized patients and food,” 

Adv. Exp. Med. Biol., vol. 1057, pp. 47–62, 2017, doi: 
10.1007/5584_2017_53. 

3. A. Yilema et al., “Isolation of enterococci, their antimicrobial susceptibility 

patterns and associated factors among patients attending at the University of 

Gondar Teaching Hospital,” BMC Infect. Dis., vol. 17, no. 1, pp. 1–8, 2017, 

doi: 10.1186/s12879-017-2363-3. 

4. E. Aun et al., “Molecular Characterization of Enterococcus Isolates From 
Different Sources in Estonia Reveals Potential Transmission of Resistance 

Genes Among Different Reservoirs,” Front. Microbiol., vol. 12, no. March, pp. 



 

 

3481 

1–13, 2021, doi: 10.3389/fmicb.2021.601490. 

5. F. Yang et al., “Short communication: Antimicrobial resistance and virulence 

genes of Enterococcus faecalis isolated from subclinical bovine mastitis cases 

in China,” J. Dairy Sci., vol. 102, no. 1, pp. 140–144, 2019, doi: 
10.3168/jds.2018-14576. 

6. H. M. Khalid, “MOLECULAR DETECTION OF VIRULENCE FACTORS OF 

ENTEROCOCCUS FAECALIS ISOLATED FROM URINE SAMPLES IN DUHOK 

CITY, KURDISTAN REGION/IRAQ.,” J. Univ. Zakho, vol. 4, no. 1, pp. 63–72, 

2016. 

7. H. Yi, L. Zhang, Y. Tuo, X. Han, and M. Du, “A novel method for rapid 
detection of class IIa bacteriocin-producing lactic acid bacteria,” Food Control, 

vol. 21, no. 4, pp. 426–430, 2010, doi: 10.1016/j.foodcont.2009.07.002. 

8. J. Li et al., “Molecular characterization of antimicrobial resistance and 

virulence factors of Enterococcus faecalis from ducks at slaughterhouses,” 

Poult. Sci., vol. 101, no. 4, p. 101646, 2022, doi: 10.1016/j.psj.2021.101646. 

9. K. A. Al-yassery, “Study of Antibiotic Susceptibility and Virulence 

Determinants among Enterococcus faecalis Isolated from Patients with 
Significant Bacteriuria in Najaf.” University of Kufa, 2011. 

10. K. Gupta, L. Grigoryan, and B. Trautner, “In the clinic® urinary tract 

infection,” Ann. Intern. Med., vol. 167, no. 7, pp. ITC49–ITC64, 2017, doi: 

10.7326/AITC201710030. 

11. K. H. Khdir and K. Mustafa, “Molecular and Bacteriological Study of 

Enterococcus faecalis Isolated from Different Clinical Sources,” Zanco J. Pure 
Appl. Sci., vol. 32, no. 2, 2020, doi: 10.21271/zjpas.32.2.17. 

12. L. Baldassarri et al., “Enterococcus spp. produces slime and survives in rat 

peritoneal macrophages,” Med. Microbiol. Immunol., vol. 190, no. 3, pp. 113–

120, 2001, doi: 10.1007/s00430-001-0096-8. 

13. L. M. Deshpande, T. R. Fritsche, G. J. Moet, D. J. Biedenbach, and R. N. 

Jones, “Antimicrobial resistance and molecular epidemiology of vancomycin-

resistant enterococci from North America and Europe: a report from the 

SENTRY antimicrobial surveillance program,” Diagn. Microbiol. Infect. Dis., 
vol. 58, no. 2, pp. 163–170, 2007, doi: 10.1016/j.diagmicrobio.2006.12.022. 

14. L. Shokoohizadeh, A. Ekrami, M. Labibzadeh, L. Ali, and S. M. Alavi, 

“Antimicrobial resistance patterns and virulence factors of enterococci 

isolates in hospitalized burn patients,” BMC Res. Notes, vol. 11, no. 1, Jan. 

2018, doi: 10.1186/s13104-017-3088-5. 

15. M. Choi and S. Choi, “Analysis of Antimicrobial Resistance Pattern and 
Distribution of Multi-drug Efflux Pump Genes and Virulence Genes in 

Enterococcus faecalis Isolated from Retail Meat in Seoul,” J. Food Hyg. Saf., 
vol. 32, no. 2, pp. 135–140, 2017, doi: 10.13103/jfhs.2017.32.2.135. 

16. M. García-Solache and L. B. Rice, “The enterococcus: A model of adaptability 

to its environment,” Clinical Microbiology Reviews, vol. 32, no. 2. American 

Society for Microbiology, Apr. 01, 2019, doi: 10.1128/CMR.00058-18. 
17. M. H. Saha, S. K. Mishra, S. Dash, A. Mishra, and J. Satpathy, “In-vitro 

study of the activity of some medicinal plant leaf extracts on urinary tract 

infection causing bacterial pathogens isolated from indigenous people of 

Bolangir district, Odisha, India,” bioRxiv, 2020, doi: 

10.1101/2020.06.25.172650. 

18. M. O. Ahmed and K. E. Baptiste, “Vancomycin-Resistant Enterococci: A 
Review of Antimicrobial Resistance Mechanisms and Perspectives of Human 



         3482 

and Animal Health,” Microb. Drug Resist., vol. 24, no. 5, pp. 590–606, 2018, 

doi: 10.1089/mdr.2017.0147. 

19. M. Rashidan et al., “Molecular detection of antibiotic resistance genes among 

enterococcus faecalis isolated from fecal and urine samples of patients with 

community-acquired urinary tract infections,” Arch. Pediatr. Infect. Dis., vol. 
4, no. 3, 2016, doi: 10.5812/pedinfect.36262. 

20. M. Shenagari, M. Bakhtiari, A. Mojtahedi, and Z. A. Roushan, “High 

frequency of mutations in gyrA gene associated with quinolones resistance in 

uropathogenic escherichia coli isolates from the north of Iran,” Iran. J. Basic 
Med. Sci., vol. 21, no. 12, pp. 1226–1231, 2018, doi: 

10.22038/ijbms.2018.31285.7539. 

21. N. Khosravi et al., “Detection of fluoroquinolone genes and spread of 
antibiotic resistance profile of Enterococcus strains isolated from clinical 

specimens,” Gene Reports, vol. 19, no. February, 2020, doi: 

10.1016/j.genrep.2020.100636. 

22. N. Mercuro, S. Davis, and M. J. Z. & E. S. Herc, “Combatting resistant 

enterococcal infections: a pharmacotherapy review,” Expert Opin. 
Pharmacother., vol. 19, no. 9, pp. 979–992, 2018, doi: 

10.1080/14656566.2018.1479397. 
23. N. Murugan, J. Malathi, K. L. Therese, and H. N. R. Madhavan, “Application 

of six multiplex PCR’s among 200 clinical isolates of Pseudomonas 

aeruginosa for the detection of 20 drug resistance encoding genes,” 

Kaohsiung J. Med. Sci., vol. 34, no. 2, pp. 79–88, 2018, doi: 

10.1016/j.kjms.2017.09.010. 

24. N. Seguel, M. Quezada-Aguiluz, G. González-Rocha, H. Bello-Toledo, and G. 
Sánchez-Sanhueza, “Antibiotic Resistance of Enterococcus faecalis from 

Persistent Endodontic Infections,” Int. J. Odontostomatol., vol. 14, no. 3, pp. 

448–456, 2020, doi: 10.4067/s0718-381x2020000300448. 

25. R. Creti et al., “Survey for virulence determinants among Enterococcus 

faecalis isolated from different sources,” J. Med. Microbiol., vol. 53, no. 1, pp. 

13–20, 2004, doi: 10.1099/jmm.0.05353-0. 

26. R. Sharma, M. Jain, L. Vyas, and A. Singhal, “Hospital and community 
isolates of uropathogens and their antibiotic sensitivity pattern from a 

tertiary care hospital in North West India,” Ann. Med. Health Sci. Res., vol. 4, 

no. 1, p. 51, 2014, doi: 10.4103/2141-9248.126611. 

27. S. Esfahani, R. Ahmadrajabi, H. Mollaei, and F. Saffari, “Co-incidence of type 

II topoisomerase mutations and efflux expression in high fluoroquinolone 

resistant Enterococcus faecalis isolated from urinary tract infections,” Infect. 
Drug Resist., vol. 13, pp. 553–559, 2020, doi: 10.2147/IDR.S237299. 

28. S. Kathirvel et al., “Molecular characterization of Enterococcus faecalis 

isolates from urinary tract infection and interaction between Enterococcus 

faecalis encountered Dendritic (DC) and Natural Killer (NK) cells,” Microb. 
Pathog., vol. 140, no. July 2019, p. 103944, 2020, doi: 

10.1016/j.micpath.2019.103944. 

29. S. M. J. Shiadeh, A. Hashemi, F. Fallah, P. Lak, L. Azimi, and M. Rashidan, 

“Dtection of EfrAb, an ABC multidrug efflux pump in Enterococcus faecalis in 
Tehran, Iran,” Acta Microbiol. Immunol. Hung., vol. 66, no. 1, pp. 57–68, 2019, 

doi: 10.1556/030.65.2018.016. 



 

 

3483 

30. S. Panthee et al., “Complete genome sequence and comparative genomic 

analysis of Enterococcus faecalis EF-2001, a probiotic bacterium,” Genomics, 

vol. 113, no. 3, pp. 1534–1542, 2021, doi: 10.1016/j.ygeno.2021.03.021. 

31. S. Roy and J. W. Rhim, “Preparation of antimicrobial and antioxidant 
gelatin/curcumin composite films for active food packaging application,” 

Colloids Surfaces B Biointerfaces, vol. 188, no. November 2019, p. 110761, 

2020, doi: 10.1016/j.colsurfb.2019.110761. 

32. S. Roy et al., “Drug resistance determinants in clinical isolates of 

Enterococcus faecalis in Bangladesh: Identification of oxazolidinone 

resistance gene optrA in ST59 and ST902 lineages,” Microorganisms, vol. 8, 

no. 8, pp. 1–16, 2020, doi: 10.3390/microorganisms8081240. 
33. T. Gulhan, B. Boynukara, A. Ciftci, M. U. Sogut, and A. Findik, 

“Characterization of Enterococcus faecalis isolates originating from different 

sources for their virulence factors and genes, antibiotic resistance patterns, 

genotypes and biofilm production,” Iran. J. Vet. Res., vol. 16, no. 3, pp. 261–

266, 2015, doi: 10.22099/ijvr.2015.3191. 

34. W. Jia, G. Li, and W. Wang, “Prevalence and antimicrobial resistance of 
Enterococcus species: A hospital-based study in China,” Int. J. Environ. Res. 
Public Health, vol. 11, no. 3, pp. 3424–3442, 2014, doi: 

10.3390/ijerph110303424. 

35. Y. A. Hashem, K. A. Abdelrahman, and R. K. Aziz, “Phenotype–genotype 

correlations and distribution of key virulence factors in enterococcus faecalis 

isolated from patients with urinary tract infections,” Infect. Drug Resist., vol. 

14, pp. 1713–1723, 2021, doi: 10.2147/IDR.S305167. 
36. Z. A. A. Al-Hamdani, “Molecular Screening of Virulence Genes among 

Uropathogenic Enterococcus faecalis Isolated from Patients in Al-Najaf City.” 

University of Kufa, 2020. 


