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Abstract: 

     Enterococci are usually encountered and predominate in oral infections, 

especially those associated with dental root canal infections of necrotic pulp and 

periodontitis. This study aimed to detect and identify Enterococcus faecium isolated 

from infected root canals, using polymerase chain reaction ( PCR). Thirty samples 

were collected from patients with  necrotic pulp, infected root canals, and 

endodontic treatment failure, attending the Conservative Treatment Department, 

College of Dentistry, Mosul University, Dental Teaching Hospital. The samples 

were obtained by inserting sterile paper points into the root canals and transferred in 

brain heart infusion broth vials to be  inoculated in a selective M-Enterococcus Agar 

Base . Twenty five isolates that belong to the genus Enterococcus were   recognized 

by traditional culture methods and biochemical tests. Then, DNA extractions of 

these isolates were carried out for  identification  with PCR by the amplification of 

ddI (D-Ala-D-Ala Ligase) chromosomal genes of Enterococcus faecium. Among the 

25  isolates, twenty (80%) were identified to the level of Enterococcus faecium by 

traditional culture methods and biochemical tests, in comparison to 17 (68%) 

identified by  molecular identification. The PCR products for the specific primer 

produced bands on agarose gel at the position of 658bp. The study showed that the 

use of PCR with primers for the E. faecium ddI gene may be the most accurate 

method for rapid identification of Enterococci. Molecular  

identification of Enterococcus spp. revealed a significant role of E. feacium in root 

canal infections. Also, the detection of ddI gene  using PCR provides a definitive 

target that could be used for the detection of E. faecium  from clinical samples. 
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 التحري الجزيئي  للمكورات المعوية المعزولة من قنوات جذور الاسنان
 

 ايمان عبد العزيز مصطفى ,سهاد موفق حمدون , ايناس ياسين شهاب
العخاققدؼ عمؾم طب الاسشان الأساسية , كميو طب الاسشان , جامعو السؾصل , السؾصل ,   

 
 الخلاصه

تتؾاجج السكؾرات السعؾية عاده وتدؾد في الاصابات الفسؾية وخاصو تمػ الستعمقة بمب الدؽ الستعفؽ       
 Enterococcus وقشاه الجحر  السرابة والتيابات الأندجة السحيظة بالدؽ. ىجفت ىحه الجراسة الى تذخيص 

facium السعدولة مؽ قشؾات جحور الاسشان السرابة باستخجام تقتتيو تفاعل البمسخة الستدمدل, حيث تؼ جسع
ثلاثؾن نسؾذجا مؽ مخضى لب الدؽ الستعفؽ وقشؾات الجحور السرابة وحالات ا لسعالجو المبية الفاشمة والحيؽ 

جامعو السؾصل. وتؼ الحرؾل  يخاجعؾن قدؼ العلاج التحفغي في السدتذفى التعميسي لكميو طب الاسشان في
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عمى الشساذج عؽ طخيق غخس اقساع ورقيو في قشؾات  جحور الاسشان ثؼ نقميا الى قشاني حاويو عمى وسط 
, خسذ وعذخون  M-Enterococcus Agar Baseنقيع القمب والسخ ليتؼ زراعتيا عمى الؾسط الانتقائي 

الدرع  التقميجية  والاختبارات  الكيسؾحيؾيو وتؼ  عدلو تعؾد الى جشذ السكؾرات السعؾية تؼ تذخيريا بظخق 
مؽ ىحه العدلات ليتؼ تحجيجىا بعج ذلػ باستخجام تقشيو تفاعل البمسخة  DNAاستخلاص الحا مض الشؾوي 

. مؽ  E. faciumالخاص بالشؾع  ddI (D-Ala-D-Ala Ligase )الستدمدل مؽ خلال تزخيؼ جيؽ 
%( لسدتؾى 08سكؾرات السعؾية تؼ تذخيص عذخيؽ عدلو )ضسؽ خسذ وعذخون عدلو تعؾد الى جشذ ال

باستخجام  طخق الدرع التقميجية والاختبارات الكيسؾحيؾيو بالسقارنة مع   Enterococcus faeciumالشؾع 
شخرت بالظخق الجديئية.  واعظت  نتائج تفاعل  Enterococcus faceium%( 80سبعو عذخ عدلو )

) زوج قؾاعج( واوضحت الجراسة ان تقشيو تفاعل  850كاروز عشج السؾقع البمسخة الستدمدل  حدما عمى الا
ربسا كانت الظخيقة  ddI (D-Ala-D-Ala Ligase )البمسخة الستدمدل باستخجام البخايسخ الخاص بجيؽ 

الاكثخ دقو لمتحخي الدخيع عؽ ىحه  الاجشاس السعؾية وان  التحخي الجديئي لمسكؾرات السعؾية اعيخ دورا ميسا 
 ddI (D-Ala-D-Ala Ligase )في اصابات قشؾات جحور الاسشان  كسا ان جيؽ  E. faceiumشؾع  ل

 اعتبخ ىجفا حاسسا في ىحه التقشية وبالإمكان استخجامو لمكذف عؽ ىحا الشؾع في العيشات الدخيخية.
 

Introduction 

     Microorganisms have been presented in all cases associated with endodontic retreatment. 

Enterococcus spp. was reported to represent the most frequently genus detected in dental root canals 

[1]. Bacteria could survive in root canals even if good mechanical preparations were performed, 

causing clinical symptoms such as persistent chronic apical periodontitis [2]. The oral cavity may act 

as a reservoir for superinfection microorganisms, including E. faecalis, E. faecium and E. coli, as 

assessed by anti-biotyping studies [3]. Microbial flora that is found in the root canals after endodontic 

treatment failure is bounded to a small number of commonly gram positive bacterial species, 

especially Enterococcus spp. [4]. Enterococci are gram positive, facultative anaerobic, organisms that 

are considered as transitory constituents of the oral microbiome and may cause a diversity of oral and 

systemic infections [5]. In many studies, E. faecalis and E. faecium have been demonstrated as the 

most popular species isolated from human oral infections, with corresponding virulence factors such 

as formation of gelatenase, haemolysis, and biofilm formation. Also these factors were correlated with 

colonization of the host tissue, competition with other bacteria, alteration of the host defense 

mechanisms, invasion, and the formation of abscess from toxin or inflammatory processes [6]. 

Molecular genetic approaches have been used to identify Enterococcus spp. of endodontic infections; 

the most common  molecular  methods is the polymerase chain reaction [PCR] that have been widely 

used to  identify bacteria in primary endodontic infections. Since conventional and   cultivation  

identification  methods have been  proved to have several limitations with respect to microbiological 

diagnosis,  more sensitive techniques may be necessary for  accurate characterization of the microbial  

assembly  of root-filled teeth . Species-specific PCR primers such as ddIE. E. faecalis and ddIE. E. 

faecium were documented as competent for enterococcal species identification by different studies. 

The use of PCR with these primers may be the simplest molecular approach for highly effective 

identification of distinct Enterococcus spp., while avoiding the draw backs of commercial kits   [7, 8]. 

Materials and methods  

1- Sample collection and bacterial identification   

     Thirty dental root canal samples were obtained from patients attending the Dental Teaching 

Hospital by inserting paper points into the canals, which were then immersed in brain heart infusion 

broth and cultured on selective M-Enterococcus Agar Base. The Enterococcus isolates were diagnosed 

to the genus level by using the biochemical tests (Table1) and molecular diagnosis [9]. 

2- Molecular diagnosis of Enterococcus  faecium 

A- DNA extraction   

     DNA extraction of Enterococcus spp. was applied from each sample by picking a single colony 

with a sterile loop, which was then inoculated into sterile tubes of 5ml brain heart broth and incubated 

at 37C
0
  for 24 hr. DNA of the enterococcal isolates was extracted by the use of DNA purification  kit, 

according to the instruction of the manufacture (Jena Bioscience, Germany). 
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B- Polymerase chain reaction     
   The primers employed for the amplification of ddI (D-Ala-D-Ala Ligase ) chromosomal genes were 

as follows: F    5'- TTGAGGCAGACCAGATTGACG -3' and R  5'- 

TATGACAGCGACTCCGATTCC-3' [8,10], provided in lyophilized forms (IDT, USA). Working 

stock was prepared by adding PCR grade  water to the required concentration according to the 

supplier’s recommendations. The PCR mixture was performed  in 25 µl volumes that contained 2 µl of  

template DNA , 2 µl of specific primers of  E. faecium (ddlE) (R and F), 10µl of 2 x Taq master mix,  

and  11µl of PCR grade water.  PCR was conducted using thermal cycler ( Optimus 96G,QLS ,UK) . 

DNA was amplified by a general PCR technique. An initial denaturation of 5 min at 94°C was 

followed by 35 cycles of denaturation at 94°C for 1min, annealing at 54°C for 1 min and extension at 

72°C for 1 min, followed by a final extension at 72°C for 7 min. DNA samples were observed by 

using agarose gel electrophoresis ( Jena Bioscience , Germany ) prepared as reported by Mohanty et 

al. [11], with 1x TBE buffer (Genet Bio, Korea) and   100 bp DNA ladder (Jena Bio- science , 

Germany )  as a standard molecular weight marker .  Electrophoresis was performed using power 

supply of MP 300V (Major Science, UK), then the  agarose gel was placed in a documentation system 

(Bio Doc Analyze, Germany )  and examined under UV light for documentation and determination of 

expected bands . 

 

Table 1- The results of the biochemical tests used for the identification of Enterococcus faceium 

isolated from …. 

Results Basic Characteristics 

Positive (+ve) Growth in Bile esculin medium 

Negative(-ve) Catalase 

Gram positive Gram staining 

Positive(+ve) Growth in 6.5% NaCl 

Cocci Shape 

Positive (+ve) Growth at pH 9.6 

 Fermentation of sugar 

(+ve) Lactose 

(+ve) Fructose 

(+ve) Glucose 

(+ve) Lactose 

(+ve) Arabinose 

 

Table 2-Numbers of Enterococcus faecium isolated by traditional  methods and molecular methods   

Percentage % No of Enterococcus faecium isolates  

80% 20 Biochemical methods 

68% 17 Molecular methods 

 

Results and Discussion  

     Out of thirty paper point samples obtained from root canals , twenty five isolates of Enterococcus 

sp. were detected according to the  conventional  methods and biochemical tests.  Out of these 25 

Enterococcus spp. isolates, twenty (80%) were identified to the level of Enterococcus faecium by the 

traditional culture methods and biochemical tests, in comparison to 17 (68%) isolates identified by  

molecular identification (Table 2).  All  the isolates of Enterococcus spp.  in the present study were  

exposed to PCR technique with species–specific primers for E. faecium, based on the detection of 

specific gene that encodes D-alanine, namely D-alanine Ligase for E. faecium (ddlE). Based on PCR 

results, seventeen Enterococcus isolates  (68%) were detected as  E. faecium. The results confirm the 

presence  of a 658bpPCR product  when compared with the  DNA ladder (Figure1).   

 

 550 bp 
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Figure 1-Polymerase chain reaction of Enterococcus faecium. Lane M represents 100 bp DNA 

marker. Wells 1-6 are positive samples, well 7 is negative control. 

 

    The significance of all Enterococcus species in  oral infections has not been often  contemplated and 

reported. Even less attention has been  given to both phenotypic and genotypic virulent characteristics 

of these microbes isolated from dental infections [6]. Our study highlights the role  of E. feacium in 

distinction from other Enteroccocuss species , since most previous studies  focused  mainly on the  

effects  of E. faecalis in the pathogenesis  of different oral infections, particularly in root canal 

infections. 

The results of our study showed that E. faecium accounted for 68 % of root canal samples, which 

agreed with an earlier study that reported that, among Enterococcal species, E. faecalis  and E 

.feacium were  the most frequently isolated species from the oral cavity, comprising 80% of  clinical 

samples [5]. Another study demonstrated that E. feacium strains from oral infections had high 

prevalence of many  virulent determinants which play an important role in the pathogenesis of oral 

infections, including 33/35 (94%) of esp gene (gene for surface adhesion),  30/35 (86%) of efaA gene 

(gene for endocarditis),  and 34/35 (97%) of asa1  (gene for the aggregation of substances)   [6]. 

The use of PCR and primers that target specific sequences in the ddI genes of the two species (E. 

faecalis and E. faecium ) is very important for the identification  of the genus and species of 

Enterococcus. The difficulty in identification of unusual enterococcal strains by phenotypic techniques  

is not unexpected, especially  by  using manual commercial kits [12,13] .  Wrong identification at the 

genus level and the misidentification of the strains that are  repeated in the clinical specimens, such as 

E. faecalis and E. faecium, are commonly encountered issues. In order to properly detect Enterococcus 

species, it is  essential to perform many  introductory tests , including catalase , bile –esculin , PYR, 

and 6.5 % NaCl tests. Then, automated device or commercial manual tests must be performed. 

However, it often appears necessary to  conduct further tests, such as  pigment production, motility, D-

xylose fermentation, Litmus milk reduction , pyruvate utilization, and methyl-a-D-glucopyranoside 

fermentation. Therefore, molecular  approaches could  provide a good alternative to these  

physiological tests [14]. On the other hand, conventional culture-based methods for the identification 

of Enterococcal spp.  require 2-3 days to yield results, while PCR has provided a method for culture-

independent detection of Enterococcal bacteria in a variety of clinical specimens.  This assay is 

capable of yielding accurate results in few  hours
 
[15]. Hence, PCR technology provides high 

specificity and sensitivity and is faster than the conventional methods currently used in hospitals and 

laboratories [16,17]. 

Conclusions  

    Since traditional  phenotypic methods are not highly sufficient, it is recommended to use  

polymerase chain reaction technique with primers for ddI E. facium that provides a rapid, accurate , 

more sensitive,  and less time-consuming detection of these bacteria. 
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