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Introduction

Abstract

Aims: Enterococcus faecalis is associated with a significant number of refractory
endodontic infections. Previous studies report a prevalence of Ent. faecalis
ranging from 24% up to 77% in teeth with failed endodontic treatment. The
origin of the micro-organism remains unclear, as enterococci do not belong to
the normal oral microflora. The aim of this study was to determine whether
these enterococci were of endogenous or exogenous origin.

Methods and Results: Fifty consecutive patients with apical periodontitis in
need of endodontic orthograde re-treatment were included. Samples were col-
lected from root canals, saliva and faeces and subjected to microbiological cul-
turing. The genetic relationship between Ent. faecalis from root canals and
isolates from the different host sources was determined using pulsed-field gel
electrophoresis. In 16% (8/50) of the patients, enterococci were collected from
the root canal samples. The genetic analysis showed that the isolates from the
root canals were not related to those from the normal gastrointestinal microfl-
ora. None of these patients had enterococci in their saliva samples.
Conclusions: Endodontic infections with Ent. faecalis are probably not derived
from the patient’s own normal microflora, which indicates that these infections
ent. faecalis are of exogenous origin.

Significance and Impact of the Study: This is the first study to genetically com-
pare endodontic infectious Ent. faecalis isolates with isolates from the hosts’
own normal microflora.

(Fabricius et al. 1982). The obligate anaerobes are fairly
easy to eliminate, or at least greatly reduce in number by

The eradication of infection from the root canal system
by means of mechanical and chemical cleansing presents
a major obstacle to combat in endodontic treatment.
Alas, because of the complex nature of the root canal
anatomy, a complete cleansing and disinfection are
almost impossible, leaving residual organic and inorganic
matter. Pulpal tissue remnants and exudate from the peri-
apical region serve as substrate for micro-organisms
invading the root canal system via either coronal leakage
or residing despite treatment. The primary endodontic
infection is polymicrobial and consists mainly of obligate
anaerobes with a small proportion of facultative anaerobes

© 2010 The Authors
Letters in Applied Microbiology © 2010 The Society for Applied Microbiology

instrumentation and irrigation, in contrast to the faculta-
tive anaerobes which are capable of surviving such
chemomechanical treatment and subsequently take over
the ecological niche (Chavez de Pas et al. 2003). There-
fore, the persisting infection in endodontically treated
teeth typically consists of facultative anaerobic bacteria.
One of the species of bacteria frequently retrieved from
previously root-filled canals is Enterococcus faecalis, which
is a Gram-positive facultative anaerobe. In previous stud-
ies, the prevalence of Ent. faecalis in failed endodontic
cases ranged between 24 and 70%, when culture-based
techniques were used (Engstrom 1964; Moller 1966;
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Molander et al. 1998; Sundqvist et al. 1998; Peciuliene
et al. 2000, 2001; Hancock et al. 2001; Pinheiro et al.
2003a,b). Studies applying polymerase chain reaction
(PCR) as the detection method reported a prevalence of
67-77% (Rogas et al. 2004; Siqueira and Rogas 2004). As
such, Ent. faecalis has come to symbolize the refractory
endodontic infection. Consequently, enterococci are fre-
quently the target micro-organism when evaluating the
antibacterial efficacy of irrigating solutions, intracanal
medications and preparation techniques (Portenier et al.
2003; Stuart et al. 2006; Estrela et al. 2008). Numerous
studies demonstrate the hardy nature of enterococci, which
are able to resist various intracanal medications and adapt
to harsh environmental conditions (Gilmore 2002; Figdor
et al. 2003; Tendolkar et al. 2003). Therefore, it is not sur-
prising that Ent. faecalis is depicted as a worthy opponent
in the effort in re-stabilizing periradicular health, fuelling
further research in respective areas of interest.

Enterococci were earlier considered to be assigned to the
group of streptococci and to comprise a part of the normal
oral microflora. Engstrom proposed in 1964 that there was
‘direct correlation between the occurrence of enterococci
in the oral cavity and in the pulp cavity’ (Engstrom 1964).
As such, they should easily be sampled in saliva, but stud-
ies showed the contrary (Sedgley efal. 2004, 2005,
2006a,b). With growing knowledge about the composition
of the commensal oral microflora, enterococci are now
recognized to be only transient oral bacteria (Aas et al.
2005). Their normal habitat is the gastrointestinal and gen-
itourinary tract and not the oral cavity. The source of the
enterococci found in the root canal system is thus still
unclear, but evidence is gathering pointing towards an
exogenous origin (Zehnder and Guggenheim 2009). How-
ever, an endogenous origin that is derived from the host’s
normal gastrointestinal microflora cannot be excluded.

The aim of this study was thus to investigate whether
Ent. faecalis isolates recovered from previously root-filled
teeth with apical periodontitis derived from the patient’s
own normal microflora. Root canal, saliva and faecal
samples were collected from patients and subjected to
microbiological ~culturing. The genetic relationship
between the collected Ent. faecalis isolates from the differ-
ent sources was determined using pulsed-field gel electro-
phoresis (PFGE).

Materials and methods

Patients and study design

The study was conducted during a period of 2 years
(March 2007—-April 2009). Inclusion criteria were adult
patients referred to a private specialist clinic in Stockholm
and the Division of Cariology and Endodontology,
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Department of Dental Medicine at Karolinska Institutet,
needing endodontic orthograde treatment for apical peri-
odontitis in root-filled teeth. Exclusion criteria were teeth
that rendered an aseptic working field impossible, because
of gross tooth loss complicating rubber dam application,
or teeth that needed disassembling of postretained
crowns. Written consent was obtained from all partici-
pants. The study was approved by the regional ethics
committee at Karolinska Institutet, Stockholm, Sweden.

Collection of samples

Bacterial samples from the root canals were taken by one
and the same operator and in accordance with a modifica-
tion of the protocol previously proposed (Moller 1966).
Initial access preparation, including removal of caries and
restorations with defective margins, was made without
exposing root-filling material. After rubber dam applica-
tion, the operating field and tooth crown were carefully
disinfected with 30% hydrogen peroxide followed by a
0-5% chlorhexidine—ethanol solution. Access preparation
could then be completed with sterile burs without
water cooling. Root-filling material was extracted with
Profile rotary instruments (Dentsply Maillefer, Ballaigues,
Switzerland) and Hedstrom files (Sendoline, Sweden). The
removal of gutta-percha was conducted without the use of
chemical solvents as advised by Molander et al.(1998). Pro-
duced frictional heat was also kept to a minimum to avoid
negative effects on the micro-organisms. Sparse irrigation
with VMG 1 (viable transport medium Gothenburg)
sampling fluid occurred if lubrication was needed (Moller
1966). Working length was determined using radiographs,
and the canals were when possible instrumented to within
0-5-1 mm of the radiographical apex and to an ISO file size
apically of 25. Before sampling, VMG 1 viable transport
medium Gothenburg sampling fluid was introduced into
the canal to a level just below the canal orifice and agitated
with a sterile ISO size 20 Hedstrom file. The solution inside
the canal was then completely absorbed into sterile char-
coal impregnated paper points inserted to the full working
length. The paper points were immediately transferred into
3 ml of VMGA 1III (viable transport medium Gothenburg)
transport medium and sent for prompt microbiological
analysis (Dahlén et al. 1993).

Saliva samples were collected immediately after the ter-
mination of the endodontic treatment. Salivary secretion
was stimulated by chewing on a small piece of paraffin
for 5 min and secreted saliva was accumulated in a plastic
container. A total of 2 ml saliva was stored in 4 ml of
VMG II at —70°C (Jordan et al. 1968).

A faecal sample was obtained from the patient if
the bacterial sample from the root canals positively identi-
fied Ent. faecalis. The patients were supplied with a sterile
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plastic container for collection of faeces and instructed to
send the collected sample swiftly to the laboratory via mail.
The time between recovery of bacteria from root canals and
faeces was approximately 21 days. At the laboratory, the
samples were stored at —70°C until analysed.

Microbiological analyses

All collected root canal samples were subjected to cultur-
ing. Identification of aerobic and anaerobic bacteria to
the genus level was based on Gram staining, colony mor-
phology and biochemical tests, performed according to
descriptions in the Manual of Clinical Microbiology
(Murray et al. 1999).

In case of isolation of Ent. faecalis from the root canal,
the corresponding saliva and faecal samples from the
patient were subjected to microbiological analysis. A total
of 2 ml from the saliva samples and 0-5 g faeces were sus-
pended in 4 ml or 45 ml phosphate-buffered saline,
respectively. A tenfold dilution series up to 10~ for saliva
and 107° for faecal samples were made. From each dilution
step, 100 ul was plated on Enterococcosel agar (BBL Micro-
biological Systems, Cockeysville, MD, USA) and incubated
aerobically for 48 h at 37°C for detection of enterococci.
Suspected Ent. faecalis colonies were picked based on mor-
phology and inoculated on blood agar (LabMKemila, Bury,
UK). Coccal isolates, which were Gram-positive, catalase-
negative and able to grow in 6:5% (w/v) sodium chloride
containing agar, were considered to be enterococci and fur-
ther tested for the fermentation of sorbitol and arabinose
(Teixeira and Facklam 2003). Sorbitol-fermenting isolates
were identified as Ent. faecalis. Six random colonies of pos-
itively identified Ent. faecalis were, when available, trans-
ferred to a glycerine-containing broth and stored in —70°C.
The species identification was confirmed by PCR using
species-specific primers (Dutka-Malen et al. 1995).

Genotyping by pulsed-field gel electrophoresis

Enterococcal isolates, overnight cultured on agar plates
containing Colombia agar base II supplemented with
0-01% tryptophan and 5% citrated horse blood, were
embedded in low-melting agarose (SeaPlaque® agarose;
FMC BioProducts, Rockland, ME, USA) before lysis, pro-
tein degradation and eventually digested by a restriction
enzyme, as previously described (Lund et al. 2002). The

lysis  solution contained 6 mmol ™' Tris pH 80,
1:0 mol I”' NaCl, 01 moll™" EDTA pH 80, 02%
Na-deoxycholate,  0-5%  sarkosyl,  0-5%  Brij-58,

500 pg ml™" RNase and 1 mg ml™" lysozyme. All reagents
were purchased from Sigma (Saint Louis, MO, USA). The
subsequent proteolysis was performed with a buffer con-
sisting of 0-5% EDTA pH 9-0, 1% sarkosyl and 2 mg ml™’
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proteinase K (Promega Corporation, Madison, WI, USA)
in which the discs were incubated overnight at 50°C. The
DNA-containing disks were, after repeated washing in 1x
TE (10 mmol 17" Tris pH 75, 1 mmol 1" EDTA pH 7-5),
digested overnight with Smal (Promega Corporation) at
37°C and thereafter loaded in a 1:2% agarose gel (Sea-
Kem® LE agarose; FMC BioProducts). Electrophoresis
was run for 20 h at 14°C in a contour-clamped homoge-
nous electric field apparatus (Bio-Rad GenePath™ Sys-
tem; Bio-Rad Laboratories, Hercules, CA, USA). The
pulse time was linearly ramped from 53 to 349 s at 6:0
(V Cm™). The gels were stained in ethidium bromide
prior to the visualization of the DNA bands with ultravi-
olet illumination. The banding patterns of the gels were
visually interpreted according to the following criteria:
isolates were considered identical when no band differ-
ences between the isolates occurred, a difference of three
bands or less rendered the strains as genetically related
and at band differences greater than three the strains were
regarded as unrelated (Tenover et al. 1995).

Results

Subjects

Fifty consecutive adult patients were included in the
study. The population consisted of 23 men and 27
women with a mean age of 52 (range from 23 to
76 years). The studied material consisted of one tooth per
patient needing treatment, thus 50 teeth. The majority of
the investigated teeth were molars. For details regarding
included subjects and investigated teeth, see Table 1.

Microbiological analysis

Micro-organisms were recovered from 37 (74%) of the
previously endodontically treated teeth. Thirteen root
canal samples (26%) showed no growth of bacteria. The
most commonly isolated micro-organism was Ent. faecalis
or viridans streptococci. The micro-organisms found are
listed in Table 2. Ent. faecalis was recovered from canals
in root-filled teeth with apical periodontitis in 8 of 50
patients (16%). In six of these eight cases, the samples
yielded Ent. faecalis in pure culture. In one tooth,
Ent. faecalis coexisted with Enterobacter spp., and in
another with Actinomyces spp. Ent. faecalis was not identi-
fied in any of these eight patient’s saliva samples analysed
with the utilized culturing method.

Genotyping

Of the eight patients having Ent. faecalis in the treated
tooth, only six had Ent. faecalis in the faecal sample.
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Table 1 Characteristics of the included patients

Tooth type
Enterococcus
Patient faecalis in Age  Gender Incisive/
no root canal (years) (M/F) canine  Premolar Molar
1 + 30 M 36
2 66 F 16
3 43 F 16
4 70 M 21
5 63 F 36
6 46 F 46
7 65 M 46
8 46 M 16
9 65 F 15
10 + 69 M 46
1" 33 M 46
12 + 64 M 46
13 45 M 36
14 49 F 27
15 + 43 F 24
16 63 F 16
17 36 F 24
18 70 M 25
19 + 66 F 46
20 44 F 36
21 69 F 36
22 62 M 15
23 + 59 F 16
24 38 F 36
25 70 F 26
26 69 F 26
27 40 F 24
28 61 M 46
29 37 F 31
30 38 M 27
31 36 M 36
32 + 58 M 46
33 55 M 26
34 + 63 F 26
35 27 F 15
36 32 F 46
37 31 M 36
38 37 M 21
39 64 M 45
40 40 F 27
41 67 F 13
42 45 F 21
43 52 M 16
44 75 F 14
45 76 M 25
46 5 M 31
47 68 F 42
48 40 M 26
49 37 M 36
50 23 F 36
Total 8 @52 23M/27F 7 10 33

M/F, Male/Female; &, mean age.
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Table 2 Micro-organisms isolated from 37 previously root-filled teeth
with apical periodontitis

Type of organism No. of isolates (%)

Facultative anaerobic cocci

Enterococcus faecalis 8 (16)
Streptococcus spp.* 8 (16)
Staphylococcus spp.t 1(2)

Facultative anaerobic rods

Lactobacillus spp. 1(2)
Actinomyces spp. 3 (6)
Enterobacter spp. 3 (6)
Pseudomonas spp. 1(2)
Acinetobacter baumanii 1(2)
Anaerobic cocci and rodsi 17 (34)

*\/iridans group.
‘tCoagulase-negative staphylococci.
iNot further specified.

PFGE utilized to investigate the relationship between
Ent. faecalis strains from root canals and faeces was con-
sequently used for these six cases. The PFGE-derived
banding pattern clearly showed no genetic relationship
between the recovered root canal and faecal strains for
each and every individual as the macrorestriction profiles
obtained differed with more than three bands between
isolates from these two sources (Fig. 1). The root canal
strains within each patient were identical or genetically
related, as opposed to the faecal strains that could show a
greater genotypic polymorphism on the intraindividual
level (Table 3). There was no genetic relationship between
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Figure 1 Photograph of gel presenting pulsed-field gel electrophore-
sis macrorestriction profiles for Enterococcus faecalis isolated from
root canals (R) and faeces (F) in patient 1. Strains from the different
sites differ with more than three bands and are thus unrelated sug-
gesting that Ent. faecalis recovered from root canals is not a part of
the endogenous microflora and probably has an exogenous origin.
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Table 3 Enterococcus faecalis strains in root canal and faecal samples
compared with pulsed-field gel electrophoresis according to criteria by
Tenover et al. 1995

Genetic
relationship
No. of analysed No. of between the
Sample colonies strains isolates
Root canal
Patient 1 6 1 Identical
Patient 10 12 3 Related
Patient 12 6 2 Related
Patient 15 6 1 Identical
Patient 19 6 2 Related
Patient 23 6 1 Identical
Patient 32 6 1 Identical
Patient 34 6 1 |dentical
Faecal
Patient 1 8 5 Not related
Patient 10 12 6 Not related
Patient 12 6 1 Identical
Patient 19 6 1 Identical
Patient 23 1 1 Identical
Patient 34 6 1 Identical

the different root canal-derived Ent. faecalis isolates from
the eight patients.

Discussion

To our knowledge, this is the first study that attempts to
elucidate the origin of Ent. faecalis strains present in root-
filled canals by comparing them with strains from the
intestinal tract. If the source was the endogenous normal
microflora, the strains from the different locations should
be identical or genetically related, taking into account the
changes in genetical material that occurs spontaneously or
via exchange. The results, on the contrary, indicate that
Ent. faecalis strains recovered from root canals do not
originate from the patient. The strains were genetically
unrelated to the strains found in the faecal samples, if
any were found at all. In the faecal samples from two
patients (patients 15 and 32), Ent. faecalis could not be
recovered, and in another, only one strain was detected
first after enrichment culturing (patient 23). Common for
those three patients was that the predominant enterococ-
cal species were Enterococcus faecium or Enterococcus
durans. This is in accordance with observations that
Ent. faecium, in some individuals and some countries, is
present in a higher proportion in the intestine than
Ent. faecalis (Devriese and Pot 1995). Interestingly, one of
the patients (patient 23) had been subjected to a colos-
tomy, which in turn could have altered the gastrointestinal
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microflora. Another possibility for the absence of Ent. fae-
calis could be that the faecal sample does not accurately
mirror the true composition of the intestinal microflora
in terms of quality and quantity (Zoetendal et al. 2002).
Nonetheless, if Ent. faecalis in the root canals had an
endogenous origin, it seems unlikely that strains exhibit-
ing clonal relationship with strains in the root canal
would be found in the faecal sample when no longer
present in saliva. Consequently, Ent. faecalis in previously
root-filled canals is probably of exogenous origin. The
opportunity for enterococci to invade or, if already pres-
ent as a small part of the primary infection, overtake the
root canal system presumably arises during endodontic
treatment, between appointments or after the treatment
has been completed (Rogas et al. 2004). An iatrogenic
transmission during treatment via contaminated end-
odontic instruments is in that perspective plausible. Stud-
ies on hospital outbreaks of Ent. faecium strains
harbouring antibiotic resistance have identified cross-
contamination between patients by the hands of person-
nel as a cause (Boyce et al. 1994). Another possible source
of enterococci is contamination of the root canal by
food-borne Ent. faecalis, as it is commonly utilized in the
fermentation of cheese or present in certain fermented
food products such as sausages and olives (Foulquié
Moreno et al. 2006).

The prevalence of Ent. faecalis (16%) was low in
comparison with previous studies, and all the isolated
micro-organisms were not entirely categorized on a genus
and species level. The intention with this study was not
to elaborate on the precise composition of the intracanal
microbiota or the prevalence of Ent. faecalis in teeth with
refractory apical periodontitis. In that case, perhaps a
more sensitive method, such as 16S rRNA-based endpoint
PCR or real-time quantitative PCR combined with a
more cautious sampling would have been more suitable
(Sedgley et al. 2006a,b; Zoletti et al. 2006). A sterility con-
trol of the operation field after disinfection of the coronal
portion of the tooth prior to sampling, as recommended
by Moller, was not undertaken (Moller 1966). This mea-
sure was considered unnecessary for the reason previously
stated, and with the assumption that if enterococci were
present in the root canal sample as a result of contamina-
tion from the oral cavity, they would also be present in
the saliva sample. The objective was to retrieve cultivable
Ent. faecalis strains from root canals/saliva and faeces for
comparison by PFGE and future studies on differences in
characteristics between them, such as virulence traits and
antibiotic resistance. Such analyses are not possible with-
out preceding isolation and amplification of bacteria,
which was the reason for choosing culturing despite its
disadvantages.
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Thirteen of the root canal samples showed no growth
when cultured, which could be attributed to the sampling
procedure. A negative impact on the micro-organisms
when removing the root-filling material cannot be disre-
garded, although the gutta-percha was removed carefully
without the use of solvents while keeping frictional heat
produced by the rotating files as low as possible. It is also
likely that remnants of root-filling material adhering to
the dentinal walls hindered the retrieval of micro-organ-
isms resulting in false-negative samples (Molander et al.
1998). Another explanation could be sought after in the
culturing process, as it is known that only a fraction of
the total microflora is cultivable, despite the use of con-
trolled culture conditions (Siqueira and Rogas 2005). One
can also speculate that the bacteria were present in num-
bers below the detection limit of bacterial culturing.
There are reports indicating that some bacteria, including
Ent. faecalis, are able to enter a viable but noncultivable
state (Oliver 2005). It is plausible that certain micro-
organisms in the root-filled canal enter a dormancy state,
in which metabolic activity is almost completely arrested,
as a way to cope with the extreme milieu a filled canal
space with sparse nutrition poses. This phenomenon,
however, does not explain why Ent. faecalis was not
recovered from the saliva samples. A more likely explana-
tion is that the normal microflora in a healthy individual
prevents the opportunistic enterococci to colonize the
oral cavity by competition for substrate and attachment
sites, as well as production of bacteriocins and hydrogen
peroxide. Enterococci transient in the oral microflora are
therefore eliminated by oral clearance as long as the colo-
nization barrier is intact. Razavi et al. administered food-
associated Ent. faecalis to healthy individuals and could
show that bacterial counts in oral rinse samples were sig-
nificantly reduced after nearly 2 h and below the detec-
tion limit after 1 week (Razavi et al. 2007). The
composition of the normal microflora within the same
individual is in that way kept fairly stable. It is therefore
not surprising that the endodontically treated root canal
with an absent or reduced colonization resistance offers
an unchallenged target for enterococcal invasion, whereas
the rest of the oral cavity often merely serves as a transit
zone.

In conclusion, the results of this study indicate that
Ent. faecalis isolated from refractory endodontic infections
probably does not derive from the patients’ own normal
microflora. An exogenous route of infection can therefore
not be ruled out as a source of these infections.
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