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Abstract 
     In this study, four virulence genes were investigated in seven clinical isolates of E. faecalis 

collected from 104 samples by using PCR techniques. Enhanced expression of pheromones (eep) was 

seen to be present in only 2 isolates which were isolated from urine samples, whereas  Enterococcus 

faecalis endocarditis (efaA) was present in five isolates (3 isolated from urine and 2 from wound). 

     Besides, internalin AB (inlAB) was also detected. It was found that inlAB is present in 4 isolates (3 
urine and one from wound). The enterolysin A (enlA)is absent from all isolates. 

     The presence of such virulence genes may promote the ability of this bacteria to cause a disease in 

human. 

 الخلاصة
باستخدام تقنية ال عينة  404من مجموع  E. faecalisفي سبع عزلات من بكتريا جينات في هذه الدراسة, تم التحري عن اربع      

PCR . وقد اظهرت الدراسة بان الجينeep  فقط وهي الادرار. بينما الجين  عزلتينفي موجودefaA  ( 3موجود في خمس عزلات 
 عزلة حروق(. 2عزلات ادرار, 

عزلة حروق(. وقد وجد ايضا ان 4عزلات ادرار,  3وقد وجد في اربع عزلات ) inlAB, تم ايضا الكشف عن جين ذلك  الى جانب     
 غير موجود في جميع العزلات. enlAجين 
 .تعزز قدرة البكتريا في حدوث الاصابة في جسم الانسانوجود جينات الضراوة  ان    

ــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــــ ــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــ ــــــــــــــــــــــــــــــــــ ــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــــــ ــــــــ  ـــ
Introduction 

nterococci initially considered 

as commensal organisms in 

humans, they are now 

recognized as important causes of 

health care-associated infections 

including urinary tract infections, 

postsurgical wound infections, 

bacteremia, endocarditis, meningitis, 

neonatal sepsis [1]. 

     Numerous factors are associated 

with a greater risk of acquiring 

enterococcal infections. These factors, 

including antimicrobial resistance and 

expression of virulence factors 

associated with infection-derived E. 

faecalis strains, may account for the 

establishment and maintenance of this 

opportunistic pathogen as major 

community-acquired and nosocomial 

pathogens. E. faecalis strains possesses 

several putative virulence determ-

inants, including haemolysin 

/bacteriocin (also called cytolysin) [2], 

enterolysin A [3], adhesion-associated 

protein EfaA (E. faecalis endocarditis 

antigen A) [4], enhanced expression of 

pheromone (Eep) [5]. 

     The E. faecalis endocarditis antigen 

(Efa A) is an adhesin with homology to 

cell surface proteins from other 

streptococci such as Streptococcus 

parasanguis, S. gordonii and S. 

pneumoniae [6]. The efaA gene has 
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since been found to be the third gene of 

the efaCBA operon, likely encoding an 

ABC-type transporter, with EfaA being 

the lipoprotein component. The 

biological role of EfaA and the 

regulation of its expression are 

relatively unknown; a potential role of 

the protein in vivo was demonstrated 

in a murine model of peritonitis [7]. 

     Enterolysin A is the first bacteriocin 

from an Enterococcus belonging to 

class III, the large and heat-labile 

bacteriocins  Enterolysin A production 

does not occur parallel with growth, a 

production pattern that has been 

observed for several lactic acid 

bacteria (LAB) bacteriocins  Since 

EnlA degrades cell walls of sensitive 

bacteria and exhibits sequence 

similarity to these bacteriocins, it is 

likely that EnlA has a similar mode of 

action. The sequence analysis of 

enterolysin A suggested that this 

bacteriocin consists of two separate 

domains, an N-terminal catalytic 

domain and a C-terminal substrate 

recognition domain. EnlA exhibits 

identity with cell wall-degrading 

enzymes produced by different gram-

positive bacteria [8]. 

    Enhanced expression of pheromone 

(Eep)  is a predicate metallopeptidase  

and has been shown to cleave the 

signal peptides of lipoproteins to yield 

octapeptides that act as bacterial 

pheromones, inducing conjugation 

between different strains of E. faecalis. 

Eep itself  does not contain the 

pheromone sequence but was 

necessary for pheromone expression 

[9]. 

     On the other hand, inlAB encoded 

by two genes (inlA and inlB) 

organized in an operon, are considered 

to play a major role in Listeria 

internalization into cultured cells [10]. 

InlA and InlB 

have common structural features also 

shared by other proteins constituting 

the internalin multigene family, i.e., 

two repeat regions, the leucine-rich 

repeat (LRR) region and the B-repeat 

region, separated by a highly 

conserved inter-repeat (IR) region. 

Moreover, a functional analysis of 

internalin demonstrates that its amino-

terminal region, encompassing the 

leucine-rich repeat (LRR) region and 

the inter-repeat (IR) region, is 

necessary and sufficient to promote 

bacterial entry into cells expressing its 

receptor [11].  Lecuit, M et al [12] 

were demonstrated that internalin 

confers invasiveness to Enterococcus 

faecalis. 

     The purpose of the present study 

was to assess the occurrence of this 

virulence factors in Enterococcus 

faecalis strains isolates from different 

clinical specimens. 

 

Materials and Methods 

Patients: 

        A total 104 samples, only seven 

isolates of Enterococcus faecalis were 

obtained from patients with burn 

wound  and urinary tract infection by 

standard bacteriological methods. All 

samples were obtained from patients or 

individuals who admitted to  Al-Hilla 

Surgical Teaching Hospital in Babylon 

Governorate. 

Bacterial identification: 

      The samples were processed on 

blood agar and selective media( crystal 

violet and sodium aziad) were 

incubated at 37c
ₒ
 overnight. The 

identification of gram positive bacteria 

was performed by standard 

biochemical methods (catalase test, 

oxidase test, tolerance to bile-aesculin, 

growth in 6.5% NaCl,  hemolysin, and 

growth at 10-45c
ₒ
) according to 

Bergy’s Manual for Determinative 

Bacteriology [13]. 

DNA extraction for gram positive 

bacteria: 

      DNA extraction was carried out 

according to the genomic DNA 

purification kit supplemented by 
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manufactured company (promega, 

USA) (cat# A 1120).     

Detection of some virulence gene 

markers by PCR: 

     The primers and PCR conditions 

used to amplify genes encoding 

virulence factors with PCR are listed in 

table (1). The primers includes eep 

gene, efaA and enlA, as well as the 

primer specific for the int. Each 25µl 

of PCR reaction contained 2.5µl of 

each upstream and  downstream 

primer, 2.5µl of free nuclease water, 

5µl of DNA extraction and 12.5µl of 

master mix. The PCR amplification 

product were visualized by 

electrophoresis on 1% agarose gels for 

45min at 70v. The size of the 

amplicons were determined by 

comparison to the 100 bp allelic ladder 

(promega, USA) (cat# G 2101).

 

Table 1 Primers sequences and PCR condition using to detect virulence gene 

Genes Primer sequence (5ʹ-3ʹ) Size of 

product 

bp 

PCR condition Reference 

 

Eep  F 
Eep  R 

 

GAGCGGGTATTTTAGTTCGT 
TACTCCAGCATTGGATGCT 

 

 
937 

94ºC     5min    1x  

 
14 

90ºC    45sec     

58ºC    1min    30x 

72ºC    1min           

72ºC    3min   1x 

 

efaA F 

efaA R 

 

GACAGACCCTCACGAATA 

AGTTCATCATGCTGCTGTAGTA 

 

705 

94ºC     5min     1x  

 

15 
94ºC     45sec 

52ºC     1min   30x 

72ºC     1min 

72ºC    3min    1x 

 
enlA F 

enlA  R 

 
TTCTTCTTATTCTGTCAACGCAGC 

GACTGTGAAATACCTATTTGCAAGC 

 
960 

 

94ºC    5min    1x  
14 94ºC    45sec 

59ºC    1min    30x 

72ºC    1min 

72ºC    3min     1x 

 

InlAB F 

InlAB R  

 

CTACACCACCTTCCGCAAAT 

AAAATTCCACTCATGCCCAC 

 

350 

94ºC    2min     1x  

16 94ºC    30sec 

57ºC    30sec   40x 

72ºC    1min 

72ºC    7min     1x 

Company of primers is alpha (USA). 

 

Results 

    Four primers were used to 

investigate the presence of four 

important genes these are eep, efaA, 

enlA and inlAB genes for 7 E. faecalis 

isolated from different clinical 

samples. It was found that eep is 

present only in 2 isolates, includes 

urine and were  positive after 

amplification was shown in figure (1). 
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Figure 1Gel electrophoresis of PCR of eep amplicon product. L: ladder; 2, 3, 4, 5,6: 

no. of isolates obtained from urine; 7, 8: no. of isolates obtained from wound 

      

enlA is absent from all isolates. 

On the other hand efaA is present in 5 

isolates includes urine (3 samples), 

wound (2 samples), were positive after 

amplification was shown in figure (2).

 

  

 
Figure 2 Gel electrophoresis of PCR of efaA amplicon product. L: ladder; 2, 3, 4, 5,6: 

no. of isolates obtained from urine; 7, 8: no. of isolates obtained from wound 

    

InlAB is present in 4 isolates includes 

urine (3 samples), wound (1 sample), 

were positive after amplification was 

shown in figure (3). 

 

  

 

L                      2                    3                      4                     5                 6                      7                   8               

L                      2                    3                      4                     5                    6                      7                   8               
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Figure 3 Gel electrophoresis of PCR of inlAB amplicon product. L: ladder; 2, 3, 4, 

5,6: no. of isolates obtained from urine; 7, 8: no. of isolates obtained from wound 

Discussion 

     The virulence of enterococci is due 

to their adherence and lytic activity 

[17], as in other bacteria, many factors 

of enterococci are known but the most 

frequently mentioned and detected in 

this study by using PCR with primers 

specific genes includes: eep, efaA, 

enlA, and inlAB. 

     It was found that Eep is present in 

only two isolates (28.5%). This results 

was identical with [18] was detected 

eep in (31.5%) of isolates which was 

lower than the 58.9, and 73% 

prevalence of eep detected in E. 

faecalis isolates from Brazil [14], and 

Sweden [19], respectively. The low 

prevalence of the virulence-associated 

genes in this study could be due to the 

clinical conditions of the patients. 

Local study conducted in Baghdad on 

E. faecalis indicat that most E. faecalis 

can produce pheromone extracellulary 

at various levels [20]. The production 

of normal levels of pheromones 

requires the presence of an 

intramembrane protein, the enhanced 

expression of pheromone (Eep) 

encoded by eep [9]. Eep is involved in 

the processing of pheromone 

precursor, the regulation of its 

expression or secretion. Enterococcal 

eep mutants did not produce detectable 

pheromone. It was therefore suggested 

that it might be involved in processing 

of pheromone precursors [21].  

     Besides enlA was absent from all 

isolates. [14] was found that this 

virulence determinant was found at a 

low rate (9.5%) among clinical strains, 

with a tendency for it to be present 

more often among urinary strains than 

in purulent exudates and rectal swab 

strains. 

     efaA is present in five isolates 

(71.4%). This results is agreement with 

[14] show that more than half of the 

clinical strains harboured efaA gene 

markers. It was found that the 

production of EfaA by strains of E. 

faecalis is common. On the other hand, 

[15] and [22] had found that the efaA 

gene in all the clinical E. faecalis 

strains (blood, pus, urine, feces). 

     inlAB  is present in four isolates 

(57.4%), this may indicate that there is 

sequence homology of this gene in L. 

monocytogenes with that in E. faecalis. 

[12] was demonstrate that the 

internalin heterologous expression in 

E. faecalis also conferred invasiveness. 

E. faecalis cells expressing internalin 

became invasive reinforced the 

hypothesis that internalin was 

L                      2                    3                      4                     5                 6                      7                   8               
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sufficient for stimulation the disease. 

However, the fact that S. epidermidis 

cells expressing internalin remained 

noninvasive reactivated the possibility 

that a cofactor present in L. 

monocytogenes, L. innocua, and E. 

faecalis but absent in S. epidermidis 

which is more distantly related to the 

genus Listeria than is E. faecalis was 

required for internalin-mediated 

entry[23].  

     These results indicate that each 

steps in the infection process can be 

mediated by a number of alternative 

virulence factors and each strain may 

have a unique combination of these 

factors.  

     The absence of virulence genes in 

some of the isolates suggests that 

infections by E. faecalis may require 

the involvement of multiple virulence 

factors. 

     The pathogenic role of several 

virulence factors identified in E. 

faecalis is still questionable and the 

meaning of these determinants in 

strains recovered from clinical strains 

is uncertain [14]. 
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