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ABSTRACT
Objective: This study aimed to search for Enterococcus faecalis in children’s deep carious dentine and
characterize their virulence traits.
Material and Methods: Eight isolates from 15 carious molars identified by 16S rDNA species-specific
PCR as E. faecalis were included. These eight isolates were subject to identification by MALDI-TOF and
characterized regarding: (i) bacterial aggregation and biofilm formation on polystyrene and glass,
with/without saliva, as single or dual-species (associated to Streptococcus mutans); (ii) environmental
pH measurement before and after 24 h incubation; (iii) acidogenicity; (iv) gelatinase production; (v)
macrophage adherence; and (vi) toxicity towards Caenorhabditis elegans. Statistical analyses were per-
formed using two-way ANOVA/Tukey or Fisher’s exact tests.
Results: All isolates initially identified as E. faecalis by PCR were correctly identified as Lactobacillus by
MALDI-TOF, being designated as Lactobacillus misidentified as Enterococcus (LME). These isolates pro-
duced biofilm in the presence of saliva and in the dual-species assays. Bacterial aggregation was only
observed in the dual-species model. After 24 h, environmental pH dropped from 7.5 to 4.5 for seven
of eight isolates, and to 4.0 in all dual-species models. LME isolates were acidogenic, none of them
produced gelatinase or adhered to macrophages, but all presented toxicity towards C. elegans.
Conclusions: No E. faecalis were identified in the children’s caries lesions. All LME isolates presented
important virulence traits, including biofilm formation and high acidogenicity, which cause enamel
demineralization, that might increase the risk of dental caries in children carrying LME. Thus, the cor-
rect identification and in-depth virulence characterization of microorganisms isolated from dental car-
ies are important to understand the dynamics of this disease.
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Introduction

Dental caries can be determined by biological, behavioural, psy-
chosocial and environmental factors [1]. This disease results
from acid production by a complex oral microbiota in the pres-
ence of a carbohydrate-frequent diet leading to an acidic envir-
onment and consequent demineralization of tooth enamel [2].
The composition of the oral microbiota has been extensively
studied [2–6] and several microorganisms have been associated
with the cariogenic process, including Streptococcus mutans,
Veillonella, Lactobacillus, Bifidobacterium, Cutibacterium, low-pH
non-S. mutans streptococci, Actinomyces and Atopobium [3].
Furthermore, higher levels of Campylobacter, Streptococcus,
Lactobacillus and Prevotella are related to an increased risk of
dental caries [6].

The composition of the carious microbiota varies as den-
tine caries progresses and deep dentinal caries lesions seem
to be one of the primary sources of bacteria for endodontic
infections [5]. The species Enterococcus faecalis has been

described as prevalent in these infections in primary teeth
[7,8] and more related to the oral microbiota of caries-active
than caries-free children [9].

Although studies have demonstrated the microbial
importance in the cariogenic process [4–6], little is known
about the dynamics of how these microorganisms interact in
the progression of dental caries. Considering the prevalence
of E. faecalis in endodontic infections and the association of
such infections with deep caries lesions, the aim of this study
is to search for E. faecalis in children’s deep carious dentine
and characterize their virulence traits.

Materials and methods

Ethical aspects

After approval by the local Research Ethics Committee
(protocol number: 1.177.743), each child’s parents or legal
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guardians signed a written informed consent form allowing
the children to participate in the study.

Human saliva used in this study was collected after volun-
teers signed a written informed consent form also approved
by the local Research Ethics Committee (protocol num-
ber: 2.402.672).

Participants

From June 2016 to March 2017, 14 children attending the
dental clinic of a Brazilian public university were enrolled in
the study. Each child contributed with one sample of deep
carious dentine from one molar, except one, who contrib-
uted with two samples from two different molars, totalizing
15 samples. All dentine samples were obtained from primary
teeth, except one. Participants included six boys and eight
girls, aged 4–11 years, and two of them were siblings.

All participants presented deep cavities extending to the
inner half of dentine, confirmed by radiographic exam and
without pulp involvement. The exclusion criteria were chil-
dren who: did not cooperate during treatment; had syn-
dromes or chronic systemic diseases; had used antibiotics
within the previous 3months; and presented painful symp-
toms consistent with irreversible pulpitis or mobility. Dentine
samples from teeth with exposure of the dental pulp or peri-
odontal changes, with pathological resorption of roots, or in
an advanced stage of physiological resorption (not exceeding
1/3) were also excluded.

Clinical examination was performed by the same dentist
with experience in cariology (gold standard) (LAA). The dmft
(decayed, missing and filled primary teeth) and DMFT
(decayed, missing and filled permanent teeth) indexes [10],
and dentine characteristics (colour, consistency and moisture)
[11] were evaluated for all children during clinical
examination.

Collection and processing of dentine samples

Dentine samples were collected and processed according to
Ornellas et al. [12] following serial dilution on triplicate
Enterococcosel agar (Becton, Dickinson and Company,
Sparks, MD), a selective medium for detection and enumer-
ation of Enterococcus genus.

Bacterial control strains

E. faecalis American Type Culture Collection (ATCC) 29212,
Lactobacillus casei ATCC 393, Lactobacillus rhamnosus ATCC
7969, Staphylococcus aureus ATCC 25923, Staphylococcus epi-
dermidis ATCC 12228 and S. mutans ATCC 25175 were used
as control strains.

Identification of the isolates

Colonies with black zones grown on Enterococcosel agar
were subject to Gram staining, catalase and esculin hydroly-
sis tests [13]. Isolates presumptively identified as
Enterococcus spp. by these tests were subject to E. faecalis-

specific PCR [14]. Those identified by this PCR as E. faecalis
were further characterized by the assays described below
and then submitted to identification by Matrix-assisted Laser
Desorption Ionization Time of Flight Mass Spectrometry
(MALDI-TOF MS) (Bruker Daltonics GmbH, Bremen, Germany)
[15], using FlexControl software (version 3.4; Bruker Daltonics
GmbH, Bremen, Germany) to compare/cross the data with
MALDI Biotyper database (version 3.1; Bruker Daltonics
GmbH, Bremen, Germany).

‘In vitro’ biofilm and aggregation assays

Saliva collection and processing
Whole, unstimulated saliva was collected in sterile tubes
from three healthy adults at least 1.5 h after food/drink/
toothcleaning, with no antibiotic use within the previous
3months. Saliva was then pooled and centrifuged (30min,
4 �C, 2400�g). Supernatant was transferred to another sterile
tube, pasteurized (65 �C, 30min) and re-centrifuged under
the same conditions. Final supernatant was dispensed into
another sterile tube and stored at �4 �C. Efficacy of pasteur-
ization was assessed by inoculation, in triplicate, of 100lL of
saliva, onto brain heart infusion (BHI) agar and broth
(Becton, Dickinson and Company, Sparks, MD) and observa-
tion of no microbial growth after incubation at 36 �C
for 72 h.

Single- and dual-species polystyrene microplate bio-
film assay
This quantitative assay was performed in 96-well polystyrene
flat bottom microplates according to Valdez et al. [16] with
modifications. Isolates were grown on BHI agar for 24 h and
then transferred to glass tubes containing BHI broth with 1%
sucrose until reaching optical density (O.D.) of 0.5 at 550 nm.
Isolates were evaluated alone (single-species) and associated
to S. mutans ATCC 25175 (dual-species at equal volumes),
with final well volume of 200mL.

Both situations (single- and dual-species) were evaluated
in the absence and after previous well coating with saliva.
For this, 50 mL of pasteurized saliva were deposited into wells
and shaken for 4 h (34 rpm) (Benfer, S~ao Paulo, Brazil) at
room temperature. Then, saliva was removed from all wells
and microplates were prepared as described above.

After incubation at 36 �C and microaerophilic conditions
for 24 h, biofilm was dyed according to Valdez et al. [16], re-
solubilized with 200 lL of ethanol and evaluated with a
Microplate Spectrophotometer (BioTek Epoch, Winooski, VT)
at 570 nm. Each isolate was classified as strong (þþþ), mod-
erate (þþ), weak (þ) and non-producer of biofilm (�) [17].
Each experiment was performed in triplicate at least twice.

Single- and dual-species aggregation and glass tube bio-
film assays
To assess qualitative aggregation and biofilm formation on
glass surfaces, bacterial suspensions (O.D. 0.1 at 550 nm) in
BHI broth supplemented with 1% sucrose were prepared in
glass tubes from a 24 h culture on BHI agar. Four sets of
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tubes were prepared (final volume 500 mL) to evaluate the
isolates on their own (single-species), associated to S. mutans
(dual-species; at equal volumes), and with addition of pas-
teurized saliva (50mL) in both situations (single and dual-spe-
cies). The four sets of tubes were incubated at 36 �C for 24 h.

Then, bacterial aggregation and adherence were classified
according to Murchison et al. [18] with modifications. Tubes
were quickly vortexed (5 s) to remove cells that grew close
but did not adhere to the glass tubes. Culture fluid was
scored to assess aggregation: (–), no visible aggregation; (þ),
slightly visible minute clumps of cells in turbid fluid; (þþ),
easily visible small clumps of cells in turbid fluid; (þþþ),
well-defined large clumps of cells in clear supernatant fluid.
After assessing aggregation, adherence was evaluated as fol-
lows: culture fluid was removed from tubes and 500 mL of
1% crystal violet solution was added to each tube for a
5min period. Tubes were then washed three times with run-
ning tap water and let dry for 24 h. Adherence was scored as
follows: (–), no visible adherence; (þ), few visible cells adher-
ing to bottom of tube; (þþ), thin confluent coat of cells on
bottom of tube; (þþþ), thick confluent coat of cells on bot-
tom of tube. Each experiment was performed at least
two times.

Culture pH measurements

Before dying the biofilm (section ‘Single- and dual-species
polystyrene microplate biofilm assay’), the content of each
triplicate of wells was pooled and subject to pH
measurement.

Acidogenicity assay

Each isolate was cultured in 10mL of BHI broth for 18 h at
36 �C in a sterile 15mL polypropylene tube. The tubes were
then centrifuged (2400�g for 10min at 17 �C) and the pellets
resuspended in 2mL 50mM KCl and 1mM MgCl2 (pH 7.0),
until reaching an O.D. of 2.0 at 550 nm, and centrifuged
(3700�g for 10min at 17 �C). The pellets were resuspended
in 2mL 1� phosphate-buffered saline (PBS) (137mM NaCl,
2.7mM KCl, 10mM Na2HPO4 and 1.8mM KH2PO4; pH 7.4)
and incubated for 1 h at 36 �C for starvation, then were cen-
trifuged (3700�g for 10min at 17 �C) and the pellets resus-
pended in 2mL 50mM KCl and 1mM MgCl2 (pH 7.0). After
centrifugation (3700�g for 10min at 17 �C), the pellets were
resuspended in 1mL 50mM KCl and 1mM MgCl2 with glu-
cose 55.5mM adjusted to pH 7.0. The pH of the suspension
was recorded immediately and 5, 15, 30, 60, 120, 180 and
240min after resuspension. The area under the curve (AUC),
in cm2, of each isolate was calculated three times by a single
operator using ImageJ 1.52a software (National Institutes of
Health, Bethesda, MD, a freeware available at https://imagej.
nih.gov). This experiment was performed once in duplicate.

Gelatine liquefaction assay

Gelatine liquefaction assay was performed according to
MacFaddin [13], inoculating isolates in tubes containing

Todd medium (Becton, Dickinson and Company, Sparks, MD)
with 4% gelatine, for 30 days (36 �C) to detect gelatinase pro-
ducers. This assay was performed at least twice.

U 937 macrophage assays

The U 937 macrophage cell line was cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Sigma-Aldrich, St. Louis,
MO) with heat-inactivated 10% foetal bovine serum (FBS)
and penicillin 100U, streptomycin 100 mg/mL, amphotericin B
25 mg/mL. These macrophages were seeded onto plates con-
taining round glass coverslips at a density of 5� 105 cells/
well. Plates were, then, incubated in a humidified atmos-
phere with 5% CO2 at 37 �C in DMEM supplemented with
10% FBS and 2mmol/L L-glutamine for 48 h prior to infec-
tion, allowing formation of a confluent monolayer of cells.
Bacterial isolates were grown in BHI broth for 24 h/36 �C fol-
lowed by centrifugation 2400�g/10min and resuspension in
1� PBS. The pellets were washed three times and resus-
pended in 1� PBS. Final resuspensions were in antimicrobial-
free-DMEM and were adjusted to O.D. 0.2 at 680 nm.
Cultured macrophages were washed three times with 1�
PBS. To determine the adhesion pattern, the cells were
infected for 90min at a MOI of 100:1 at 37 �C in 5% CO2 and
washed six times with 1� PBS. Briefly, cells are pre-fixed
with 4% w/v of formaldehyde for 1 h at room temperature,
washed and fixed with absolute methanol. Once again wells
were washed three times with 1� PBS and stained with
Giemsa at room temperature. The coverslips were then
washed with distilled water, dried at room temperature,
mounted on glass slides and examined under optical micros-
copy (200� magnification).

To evaluate survival of isolates in U 937 macrophages,
Coburn et al. [19] methodology was chosen, using gentami-
cin (250 lg/mL) or streptomycin (100lg/mL)–penicillin
(100U), to eliminate non-internalized bacteria.

Caenorhabditis elegans infection model

C. elegans N2 wild-type was maintained on nematode
growth medium (NGM) agar (in house) inoculated with
Escherichia coli OP50 for seven days until the worms became
starved. Isolates were grown confluently on NGM agar (36 �C
and microaerophilic conditions) 48 h prior to infection.
Approximately, seven synchronous L4 worms were trans-
ferred to each inoculated plate, incubated at room tempera-
ture for five days and survival was scored daily. Worms were
considered dead when they did not respond to gentle mech-
anical stimulation. Toxicity towards C. elegans was classified
according to their survival rates: nontoxic (–), more than 50%
alive in 120 h; weak (þ), more than 50% died in 120 h; mod-
erate (þþ), all worms died in 96 h; and strong (þþþ), all
worms died in 48 h.

Statistical analysis

Data were statistically analysed using GraphPad Prism (ver-
sion 6.0, La Jolla, CA) software, with 95% level of confidence.
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Comparative analyses between the results from the clinical
data, regarding age, dmftþDMFT and colour/consistency/
moisture of dentine samples (n¼ 8), were performed by
Fisher’s exact test. To assess the statistical significance of the
differences between acidogenic abilities of the isolates (n¼ 8
plus three control samples, totalling 11 bacterial samples)
and their toxicity towards C. elegans (n¼ 8 plus 1 control
sample, totalling nine bacterial samples), two-way ANOVA
followed by Tukey’s test were used. Statistical significance
was considered when p values <.05 were obtained.

Results

Presence of colonies with black zones on Enterococcosel
agar was observed for nine (60%) of the 15 samples. Eight
(88.9%) of these nine, were Gram-positive cocci, catalase
negative and esculin positive, being presumptively identified
as Enterococcus genus and were initially identified as E. faeca-
lis by PCR.

MALDI-TOF MS identified these eight isolates as:
Lactobacillus paracasei (four isolates), L. rhamnosus (three iso-
lates) and Lactobacillus plantarum (one isolate) (Table 1).
They were identified with score values higher than 2.000,
which represents secure genus and probable species identifi-
cation. These eight isolates misidentified as E. faecalis were,
then, designated as Lactobacillus misidentified as
Enterococcus (LME). At this point, Gram staining was repeated
for all LME isolates and Gram-positive rods were observed.

Samples containing these isolates were collected from
seven children, including two siblings and one child who
contributed with two dentine samples. The mean age of the

children was 7.4 ± 1.8. Even though not statistically signifi-
cant, those with LME in their carious dentine were younger
(6.6 ± 1.5) than those with no LME (8.1 ± 1.9) (p¼ .13). In rela-
tion to dmftþDMFT index, the mean was 4.9 ± 1.6 and
3.9 ± 2.7 (p¼ .62), for the children with and without LME,
respectively (Table 1).

In regard to dentine characteristics all were brown; 12
rigid and three non-rigid; 10 wet and five dry. No statistical
differences were observed between dentine containing LME
and those without LME (p¼ .28). Both siblings had brown,
non-rigid and wet dentins.

Table 2 shows the results of different assays to detect bio-
film production and aggregation of each LME isolate separ-
ately, as well as in association with saliva and/or a type
strain known for its biofilm production ability (S. mutans
ATCC 25175).

The polystyrene microplate biofilm assay detected biofilm
production for seven (87.5%) LME isolates. In the presence of
saliva, all LME were biofilm producers. In contrast, only one
isolate produced biofilm on glass, regardless of the presence
of saliva. In all the dual-species assays, biofilm formation was
observed, so biofilm production by S. mutans was not
affected by the presence of LME isolates (Table 2).

Bacterial aggregation was only observed in the dual-spe-
cies assays, minimally affecting S. mutans’ single-species
aggregation pattern.

After incubation for 24 h at 36 �C and microaerophilic
conditions, pH values dropped from 7.5 to 4.5 for all, but
one (final pH ¼ 5.0), LME isolate. In the dual-species assays,
pH values decreased from pH 7.5 to 4.0 for all LME
(Table 1).

Table 1. Description of the participants and characterization of LME isolates.

Isolate Teeth Age
dmftþ
DMFT

PCR
identification

MALDI-TOF
identification BiofilmA

Medium pH after 24 hB
AUC
(cm2)C GelatinaseD

Macrophage
adherence

Toxicity to
C. elegansEI Iþ Sl Iþ S.m Iþ S.mþ Sl

LME isolates
1� 74 7 3 E. faecalis L. rhamnosus þ 4.5 4.5 4.0 4.0 20.74a – Non-adherent (þþþ)
2 65 6 6 E. faecalis L. paracasei þ 4.5 4.5 4.0 4.0 29.36a – Non-adherent (þþ)
3 84 6 7 E. faecalis L. rhamnosus þ 4.5 4.5 4.0 4.0 28.20a – Non-adherent (þ)
4 55 7 5 E. faecalis L. plantarum – 5.0 5.0 4.0 4.0 35.78a,b – Non-adherent (þþ)
5� 84 4 6 E. faecalis L. rhamnosus þþþ 4.5 4.5 4.0 4.0 48.63a,b – Non-adherent (þþþ)
6 84 7 4 E. faecalis L. paracasei þ 4.5 4.5 4.0 4.0 28.00a – Non-adherent (þþ)
7�� 65 9 3 E. faecalis L. paracasei þ 4.5 4.5 4.0 4.0 35.89a,b – Non-adherent (þþþ)
8�� 75 E. faecalis L. paracasei þ 4.5 4.5 4.0 4.0 29.58a – Non-adherent (þþþ)
Mean 6.6 ± 1.5 4.9 ± 1.6 32 ± 8.2
Control strains
L.r na na na / / þ 4.5 4.5 4.0 4.0 24.15a / Non-adherent (þþþ)
L.c na na na / / þ 4.5 4.5 4.0 4.0 24.08a / / /
S.m na na na / / þþþ 4.0 4.0 na na 63.67b / / /
S.a na na na / / / / / / / / þ / /
S.e na na na / / / / / / / / (þ) / /
E.f na na na / / / / / / / / (þ) / /

dmft: decayed-missing-filled teeth in the primary dentition; DMFT: decayed-missing-filled teeth in the permanent dentition; PCR: polymerase chain reaction;
AUC: area under the curve – the AUC was calculated from the pH drop curve, considering pH 2.8 as a cut-off point, expressing the acidogenicity of each sample;
LME: Lactobacillus misidentified as Enterococcus; L.r: L. rhamnosus ATCC 7969; L.c: L. casei ATCC 393; S.m: S. mutans ATCC 25175; S.a: S. aureus ATCC 25923; S.e:
S. epidermidis ATCC 12228; E.f: E. faecalis ATCC 29212; na: not applicable; /: not determined.�Siblings.��Same child.
APolystyrene microplate biofilm assay: –, absence; þ, weak; and þþþ, strong biofilm production.
BI: isolate; Sl: saliva; initial medium pH 7.5.
CDifferent lowercase letters in the same column represent statistically different values (p< .05).
D–, non-producers; þ, producers; and (þ), slow producers of gelatinase.
E(þ) weak (more than 50% died in 120 h); (þþ) moderate (all worms died in 96 h); (þþþ) and strong (all worms died in 48 h) toxicity towards C. elegans.
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The LME isolates’ AUC mean was 32±8.2 cm2 (range,
20.74–48.63). All isolates were more acidogenic than S. mutans,
characterized by lower AUC values. For five isolates (isolates 1,
2, 3, 6 and 8), this difference was statistically significant (p< .05).

No statistically significant differences were observed when com-
paring the AUC values amongst the LME isolates (Figure 1).

None of the LME isolates produced gelatinase or adhered
to U 937 macrophages. Survival in macrophage assay was

Table 2. Biofilm formation on different surfaces and bacterial aggregation.

Isolates

Polystyrene microplate biofilm assayA Glass tube biofilm assayB Bacterial aggregationC

I Iþ Sl Iþ S.m Iþ Slþ S.m I Iþ Sl Iþ S.m Iþ Slþ S.m I Iþ Sl Iþ S.m Iþ Slþ S.m

1� þ þ þþþ þþþ – – þþþ þþþ – – þþ þþ
2 þ þ þþþ þþþ – – þþþ þþþ – – þþ þþþ
3 þ þ þþþ þþþ – – þþþ þþþ – – þþ þþ
4 – þ þþþ þþþ – – þþþ þþþ – – þþþ þþþ
5� þþþ þþ þþþ þþþ þþþ þ þþþ þþþ – – þþ þþ
6 þ þ þþþ þþþ – – þþ þþþ – – þþ þþ
7�� þ þ þþþ þþþ – – þþþ þþþ – – þþ þþ
8�� þ þ þþþ þþþ – – þþþ þþþ – – þþþ þþ
L.r þ þ þþþ þþþ – – þþþ þþþ – – þþ þþ
L.c þ þ þþþ þþþ – – þþþ þþþ – – þþ þþ
S.m þþþ þþþ na na þþþ þþþ na na þþ þþþ na na

I: isolate; Sl: saliva; L.r: L. rhamnosus ATCC 7969; L.c: L. casei ATCC 393; S.m: S. mutans ATCC 25175; na: not applicable.�Siblings.��Same child.
A–, absence; þ, weak; þþ, moderate; and þþþ, strong biofilm production.
B–, no visible adherence; þ, few visible cells adhering to bottom of tube; þþ, thin confluent coat of cells on bottom of tube; þþþ, thick confluent coat of
cells on bottom of tube.

C–, no visible aggregation; þ, slightly visible minute clumps of cells in turbid fluid; þþ, easily visible small clumps of cells in turbid fluid; þþþ, well-defined
large clumps of cells in clear supernatant fluid.

Figure 1. Mean pH values of LME isolates in glucose solution after 240min. 1–8: LME isolates 1–8; L.r: L. rhamnosus ATCC 7969; L.c: L. casei ATCC 393; S.m: S.
mutans ATCC 25175; different lowercase letters represent statistically different values (p< .05).
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not performed since all isolates were resistant to gentamicin
and penicillin–streptomycin.

In the C. elegans toxicity assay, at day 1, C. elegans
infected by isolate 3 had statistically higher survival rate than
the ones infected by isolate 1 (p< .05). At day 2, the survival
rate of C. elegans infected by isolate 3 remained stable, with
statistical difference to all other isolates (p< .05). Isolates 1, 5,
7, 8 and the L. rhamnosus control strain presented strong
toxicity to C. elegans, while toxicity of isolates 2, 4 and 6 was
moderate and of isolate 3 was weak (Table 3).

Discussion

Several studies on the microbiological aspects of dental car-
ies have been conducted with children and adults
[3,4,20–22]. None of them, however, indicated the presence
of E. faecalis in carious dentine, except for one study of root
caries in elderly patients [20]. In contrast, some genus, such
as Lactobacillus, have been reported as more abundant in
deeper layers of caries lesions [5].

In this study, eight Lactobacillus isolates from children’s
carious dentine were initially misidentified as E. faecalis. The
growth of these isolates in selective medium was the first
step towards misidentification. The second one was the mor-
phological characteristics observed after Gram staining and
the third was the results of the 16S rDNA E. faecalis-spe-
cific PCR.

Several Lactobacillus species are bile tolerant and grow in
the presence of oxgall [23], a component of the
Enterococcosel agar that inhibits the growth of Gram-posi-
tive bacteria other than enterococci. This might explain LME
isolates’ growth on this selective medium. Enterococcus and
Lactobacillus [24,25] share several characteristics, but a key
feature to distinguish them is the cellular morphology on
Gram staining. Here, Gram staining performed directly from
primary culture on selective Enterococcus medium and under
non-ideal environmental conditions could help explain the
initial misidentification. Lactobacillus appearing as Gram-posi-
tive cocci had already been previously described [26].

An ‘in silico’ analysis of the primer pair used in this study
by Nucleotide Blast free tool (https://blast.ncbi.nlm.nih.gov/),
with no algorithm parameter alterations, showed only E.

faecalis species amplification. However, when maximum tar-
get sequences were expanded and Enterococcus was
excluded from the search, possible matches included
Enterobacter, Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus, Staphylococcus and Weissella (data not shown).
These primers demonstrated lack of specificity in detecting E.
faecalis, demonstrating the importance of performing a
detailed ‘in silico’ primer pair analysis prior to use. Some of
the microorganisms that can be amplified with this primer
pair are associated with endopathogenic microbiota [27–29].
Hence, previous studies [14,30,31] that used the same PCR
primers to detect E. faecalis in endodontic samples could
have misidentified this species.

Isolates were properly identified as Lactobacillus spp. only
by MALDI-TOF MS, which consists of a rapid and reliable
approach for microbial identification [32] and indicates pre-
sumptive species and correct genus identification for
Lactobacillus [15]. The change in morphology observed in
the second Gram staining might be due to the fact that it
was performed with the samples grown on appropriate
medium and environmental conditions.

Dental caries is a complex, multifactorial, polymicrobial
and biofilm-induced disease resulting in loss of tooth hard
tissues [16,33]. Here, two tests were performed to assess bio-
film production, a quantitative assay on polystyrene surface
and a qualitative one on glass surface. Different results were
observed, especially for the LME single-species biofilm. This
could have been due to the two different surface materials
used in these assays and/or because the qualitative method
was read macroscopically (less sensitive) and the quantitative
method was read by an equipment that quantifies the
absorbance, being, therefore, more sensitive.

Bowen [34] highlights the importance of saliva and
sucrose in ‘in vitro’ biofilm assays to resemble the matrix
structure of oral biofilms found in humans. Accordingly, in
the present study, sucrose was the carbohydrate of choice to
supplement the medium of the biofilm assays, and the tests
were performed in the presence and absence of saliva. All
LME isolates produced biofilm, an important characteristic in
the cariogenic process, by the quantitative method on the
wells previously coated with saliva.

S. mutans adheres to enamel in caries initiation enabling
the binding of other species, such as Lactobacillus, forming a
more complex aciduric and acidogenic biofilm, and is, there-
fore, a risk factor for caries progression [2,22]. Here, LME, iso-
lated from carious dentine, allowed stronger biofilm
production by S. mutans in the presence of saliva in both
assays, showing that the dual-species biofilm with all LME
isolates presented this important cariogenic trait. When a
dual-species biofilm assay was performed with LME isolates
and Streptococcus salivarius ATCC 13419, instead of S.
mutans, biofilm formation was also observed (data
not shown).

According to Kim et al. [35], the acidogenic ability of den-
tal biofilms is a significant predictor for caries occurrence.
This ability could be observed for all LME isolates as they
presented low AUC values, indicating high acidogenicity.
Studies have suggested that microorganisms with potential

Table 3. Survival rate of C. elegans infected with LME isolates.

Isolate

Time

24 h 48 h 72 h 96 h 120 h

1� 20a 0a –a –a –a

2 33a,b 33a 33a 0a –a

3 100b 100b 50a 25a 25a

4 86a,b 14a 14a 0a –a

5� 50a,b 0a –a –a –a

6 33a,b 17a 17a 0a –a

7�� 57a,b 0a –a –a –a

8�� 40a,b 0a –a –a –a

L.r 67a,b 0a –a –a –a

L.r: Lactobacillus rhamnosus (ATCC 7969); –: same result as previous time
period. Approximately, seven worms were used per isolate. The survival rate
expresses the percentage of worms alive at each time. Different lowercase let-
ters in the same column represent statistically different values (p< .05).�Siblings.��Same child.
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to be oral probiotics are able to: produce bioactive substan-
ces such as bacteriocins; inhibit the growth, co-aggregation,
biofilm formation and gene expression of caries-inducing S.
mutans; and increase environmental pH [36–38]. All LME iso-
lates did not decrease the S. mutans biofilm nor increase
environmental pH. Additionally, these isolates had high
acidogenic ability and maintained similar S. mutans aggrega-
tion patterns. Although some Lactobacillus spp. have been
proposed as promising oral probiotics [37,38], we strongly
believe that LME isolates were, instead, important in the
cariogenic process. In 2014, Schwendicke et al. [39], warned
about the possibility of a probiotic strain of L. rhamnosus
increasing the cariogenic potential of S. mutans by the induc-
tion of mineral loss, especially in dentine cavities and under
high cariogenic conditions [39].

Bacterial adherence to macrophages is considered a viru-
lence characteristic that can be involved in colonization as
well as in establishing metastatic foci of infection [40]. Our
results showed that LME isolates were non-adherent to U
937 macrophages. So far, this ability had not been evaluated
for Lactobacillus genus. It was not possible to perform the
survival in macrophage assay since all isolates were resistant
to gentamicin and penicillin–streptomycin. Of note, all LME
were resistant to antimicrobial agents commonly used in the
treatment of endocarditis by Lactobacillus (penicillin associ-
ated to an aminoglycoside) [41].

C. elegans is a useful model to observe host–microbe
interactions and virulence traits of a variety of pathogens.
Studies diverge on C. elegans’ response to lactic acid bac-
teria, and the differences observed seem to be strain-
dependent [42,43]. Toxicity of the LME isolates towards C.
elegans varied, and most isolates were moderately or highly
toxic. The four highly toxic LME isolates were the ones recov-
ered from siblings and the child who provided two samples.

Recently, it was revealed by multilocus sequence typing
unambiguously identical Lactobacillus fermentum strains in
the saliva of children in the same classroom, suggesting a
potential involvement of saliva as a vehicle for transmission
of oral microorganisms between these children [44]. In this
study, the siblings both had LME isolates and dentine with
similar characteristics. This could suggest a possible transmis-
sion of these microorganisms among family members, as
previously suggested for S. mutans [45]. However, genotypic
tests such as multilocus sequence typing or pulsed-field gel
electrophoresis should be performed to investigate this
possibility.

Despite the clear relationship between deep caries lesions
and endodontic infections, this study did not detect E. faeca-
lis in children’s deep carious dentine. To the best of our
knowledge, no previous study performed such extensive
virulence characterization of Lactobacillus spp. isolates from
deep carious dentine. This study was the first to describe
Lactobacillus initially misidentified by PCR as E. faecalis. Even
though Lactobacillus spp. are frequently reported as promis-
ing probiotics, these LME isolates had important virulence
traits known to be associated with caries, including biofilm
formation and high acidogenicity. Characteristics that could
cause complications in case of metastatic infections, such as

biofilm production and resistance to antimicrobial agents
commonly used for treatment of Lactobacillus infections,
were also observed. In several aspects, the isolates were dif-
ferent from each other, but similar characteristics were
observed when comparing isolates from siblings. Our find-
ings indicate the importance of in-depth characterization of
microorganisms isolated from dental caries in order to fur-
ther understand the dynamics of this disease. Further studies
are needed to compare and understand the virulence charac-
teristics of non-LME Lactobacillus and LME isolated from cari-
ous dentine.
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