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Background and objective: Bacterial invasion into pulps of primary teeth can lead to infection and premature
tooth loss in children. This pilot study aimed to explore whether the microbiota of carious exposures of dental
pulps resembles that of carious dentin or that of infected root canals.

Design: Children with severe early childhood caries were studied. Children were consented and extent of
caries, plaque, and gingivitis measured. Bacteria were sampled from carious lesion biofilms and vital carious
exposures of pulps, and processed by anaerobic culture. Isolates were characterized from partial sequences of
the 16S rRNA gene and identified by comparison with taxa in the Human Oral Microbiome Database (http://
www.HOMD.org). The microbiotas of carious lesions and dental pulps were compared using univariate and
multivariate approaches.

Results: The microbiota of cariously exposed pulps was similar in composition to that of carious lesion
biofilms except that fewer species/taxa were identified from pulps. The major taxa identified belonged to
the phyla Firmicutes (mainly streptococci) and Actinobacteria (mainly Actinomyces species). Actinomyces
and Selenomonas species were associated with carious lesions whereas Veillonella species, particularly
Veillonella dispar was associated with pulps. Other bacteria detected in pulps included Streptococcus mutans,
Parascardovia denticolens, Bifidobacterium longum, and several Lactobacillus and Actinomyces species. By
principal, component analysis pulp microbiotas grouped together, whereas those in caries biofilms were
widely dispersed.

Conclusions: We conclude that the microbiota of cariously exposed vital primary pulps is composed of
a subset of species associated with carious lesions. Vital primary pulps had a dominant Firmicutes and
Actinobacteria microbiota which contrasts with reports of endodontic infections which can harbor a gram-
negative microbiota. The microbiota of exposed primary pulps may provide insight into bacterial species at
the forefront of caries invasion in dentinal lesions that can invade into the pulp and the nature of species that
need suppressing for successful pulp therapy.
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ing dental infection that disproportionately affects
children with oral health disparities (1, 2). If left
untreated, carious lesions can advance into the pulp and
lead to root canal infections, abscess formation, tooth
fracture, and tooth loss (3). Other complications of ECC,
particularly severe ECC, include an elevated risk for new

Severe early childhood caries (ECC) is a devastat-

carious lesions (4, 5), high treatment costs, and increased
time needed for therapy (6, 7).

The microbiota of ECC is complex and includes acido-
genic and acid-tolerant species (8, 9) that are candidate
pathogens for caries progression. Gram-negative species
are also detected in deep dentinal caries (10, 11) and
in pulp and root canal infections of primary teeth (12—14).
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In our studies using combined cultural and molecular
methods, we detected a new Bifidobacteriaceae species,
Scardovia wiggsiae, as significantly associated with severe
ECC (9). The microbiota of pulpal and root canal
infection in children has included molecular assay of selec-
ted, mainly gram negative species (12, 13, 15-17). A study
using anaerobic culture detected mainly gram-positive
species (18), whereas culture of root canals of extracted
teeth reported a dominant gram-negative infection (14).
Thus, while the microbiota associated with infected
deciduous pulps and root canals has been studied, few
studies have focused on the vital coronal pulp microbiota
using open-ended approaches incorporating current
molecular microbial taxonomies.

In the current pilot study, we compared the cultivable
microbiota of exposed vital pulps with that of carious
lesions in deciduous teeth. We hypothesized that taxa
and species found in the exposed pulps would reflect
the microbiota at the advancing front of carious lesions.
Alternatively the microbiota of pulps might comprise
reservoirs of mainly gram-negative species that may con-
tribute to endodontic infections. Optimal therapy to prevent
spread of infection from the pulp would depend on the
nature of the microbiota detected.

Methods

Study population

Medically healthy 2- to 6-year-old children were recruited
from the dental clinics at the Departments of Pediatric
Dentistry at Boston and Tufts Universities. Children studied
had severe ECC for whom the diet and the microbiota by
culture and clonal analysis have been previously described
(19-21). Children with severe ECC (22) had extensive
caries in the primary dentition and were scheduled for full
mouth dental rehabilitation treatment under general
anesthesia. Inclusion criteria were that the child was
medically healthy, had not used antibiotics within the
last 3 months, and the parent or guardian was willing to
consent to the child’s clinical examination and microbial
sampling. The study was performed in full accordance
with ethical principles including the World Medical
Association Declaration of Helsinki. The study design
was explained to the child’s parent or guardian, from
whom informed consent was obtained if they were willing
to participate with their child. The study design, protocol,
and informed consent were approved by the Institutional
Review Boards of Boston University, Tufts University,
and the Forsyth Institute.

Clinical characteristics

The caries and gingival status of children were charted
and biofilm from carious lesions taken using toothpicks
as previously described (9) when children were under
general anesthesia. Rubber dams were then placed before

comprehensive restorative treatment. Vital pulp chambers
that were exposed during removal of deep carious dentine
were sampled using sterile paper points. Bacterial samples
from carious biofilm and pulp chambers were placed in
gas tight vials containing 2 ml of pre-reduced anaerobi-
cally sterilized Ringer’s solution with 3 mm glass beads
as previously described (9). Samples were transported to
the laboratory in insulated bags with freezer blocks to
keep cold.

Microbiological methods

Samples were processed within 4 h of sampling. Samples
were dispersed by vortexing and underwent 10-fold
serial dilutions under anaerobic gas and were plated
onto enriched blood agar (Trypticase soy agar 20 g/l,
Brain Heart Infusion agar 26 g/l, yeast extract 10 g/l,
hemin 5 mg/l, menadione 0.5 mg/l, N-acetyl-muramic acid
10 mg/l, defibrinated sheep blood 50 ml/l, pH = 7) and
on acid agar (Trypticase soy agar 20 g/l, Brain Heart
Infusion agar 26 g/1, yeast extract 10 g/1, hemin 5 mg/l, with
the pH adjusted to 5.0 with HCI before autoclaving).
Plates were incubated anaerobically for 10-12 days in
an atmosphere of 80% N,, 10% CO,, and 10% H,. Isolates
were purified and characterized using partial 16S rRNA
sequences as previously described (9). Briefly, partial
sequences approximately 400—800 bases long from pure
isolates were edited, aligned, and checked for chimeric
inserts. Isolates (n = 711) were identified by comparing par-
tial 16S rRNA sequences with taxa (species) in the Human
Oral Microbiome Database (HOMD) (www.homd.org)
(23). Isolates were considered identified if they showed at
least 98.5% similarity to taxa in HOMD.

Data analysis

Taxa from HOMD were grouped by caries or pulp origin
at genus and species levels, and detection frequencies
compared using Fisher’s exact tests. Percentages of total
isolates at species and genus levels were compared from
carious biofilm and exposed pulps using the Kruskal—
Wallis one-way analysis of variance test. Principal com-
ponent analysis (PCA) and two-way hierarchical cluster
analyses were performed on detection frequencies of
species/taxa that were found in at least two children from
either carious lesion or pulp categories. Principal compo-
nent 1 (PC1) was plotted against principal component
2 (PC2). Hierarchical clustering was performed using the
Ward method using binary data (JMP statistical discovery
software, Cary, NC).

Results

Bacteria from caries and vital coronal pulps were obtained
from nine children. One culture plate from caries had
confluent growth so that colonies could not be isolated
and processed leaving nine pulp and eight plaque samples
for analysis. Child age ranged from 2.6 to 5.0 years, six of

Citation: Journal of Oral Microbiology 2015, 7: 25951 - http://dx.doi.org/10.3402/jom.v7.25951

(page number not for citation purpose)


http://www.homd.org
http://www.journaloforalmicrobiology.net/index.php/jom/article/view/25951
http://dx.doi.org/10.3402/jom.v7.25951

Tuble 1. Characteristics of children sampled with severe ECC
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Child 1 2 4 5 6 7 8 9
Age (years) 4.8 4.8 3.5 5 2.6 3.3 2.9 4.3
Gender? M M F F M F M M
Hispanic ethnicity® N Y Y Y N N N N
Race/ethnicity Asian White White White White Asian Black Asian Black
Plaque index (mean) 2.36 0 0 1.99 2.42 2.01 1.21 3
Gingival index (mean) 2.9 0 0 2.49 1.68 1.69 0 0.93
Bleeding (% teeth) 87.5 0 0 0 63.16 72.5 0 47.5
Decayed surfaces 64 16 21 21 60 37 47 41
Decayed teeth 19 12 9 17 11 12 12

a8M =male, F =female; PY =Hispanic, N =not Hispanic.

the children were boys and two were Hispanic (Table 1).
Four children were Caucasian, three were Asian, and two
were Black (African American). In seven of the nine
children, over half of the teeth had carious lesions.

A mean of 11 (range 3—17) taxa were detected in pulp
samples compared to 22 (range 16-26) taxa detected in
caries biofilms. One hundred and five taxa/species were

identified from samples. Thirty-seven percent of the

Table 2. Microbiota by phylum and genus cultured from caries and exposed pulps

Caries (n=38) Pulp (n=9) KW Caries detection Pulp detection Fisher’s
Phylum Genus mean % (+SD) mean % (+SD) test frequency % frequency %  exact test
Actinobacteria 23.75 (+7.01) 29.11 (+18.64) 100.00 100.00
Actinomyces 19.00 (+7.67) 8.89 (+8.19) 0.016 100.00 77.78
Atopobium 0.25 (£0.71) 0.78 (+2.33) 12.50 11.11
Bifidobacterium 1.25 (+1.83) 6.67 (+20.00) 37.50 11.11
Cryptobacterium 0.00 (40.00) 0.33 (+1.00) 0.00 11.11
Parascardovia 1.00 (+2.83) 9.56 (+17.88) 12.50 33.33
Propionibacterium 1.00 (+2.14) 2.89 (+4.81) 25.00 33.33
Rothia 0.25 (£0.71) 0.00 (+0.00) 12.50 0.00
Scardovia 1.50 (+1.77) 0.00 (+0.00) 0.020 50.00 0.00 0.029
Bacteroidetes 6.38 (+5.76) 2.56 (+2.51) 62.50 55.56
Capnocytophaga 3.00 (+3.70) 0.00 (+1.56) 50.00 22.22
Prevotella 3.38 (+4.17) 0.00 (+£2.17) 50.00 44.44
Firmicutes 61.88 (+11.14)  67.44 (+18.08) 100.00 100.00
Abiotrophia 0.50 (+0.93) 1.00 (+3.00) 25.00 11.11
Eubacterium [11][G-7] 0.00 (4+0.00) 0.44 (+£1.33) 0.00 11.11
Gemella 0.75 (£1.04) 0.33 (+1.00) 37.50 11.11
Granulicatella 1.25 (£2.12) 1.44 (+2.19) 37.50 33.33
Lachnoanaerobaculum 10.25 (+7.42) 4.22 (+8.39) 87.50 44.44
Lactobacillus 1.25 (+2.12) 8.89 (+15.84) 37.50 44.44
Lactococcus 0.00 (+0.00) 0.56 (+1.67) 0.000 11.11
Parvimonas 0.00 (+0.00) 0.89 (+2.67) 0.00 11.11
Selenomonas 6.63 (+5.29) 1.44 (+3.64) 0.033 75.00 22.22 0.050
Solobacterium 0.00 (+0.00) 0.44 (+1.33) 0.00 11.11
Staphylococcus 0.50 (+0.93) 0.22 (+0.67) 25.00 11.11
Streptococcus 35.63 (+17.04) 32.11 (+18.91) 100.00 88.89
Veillonella 5.25 (+6.65) 15.22 (+9.48) 0.033 75.00 88.89
Fusobacteria 2.75 (+£2.38) 0.78 (+2.33) 0.031 75.00 11.11 0.015
Fusobacterium 1.50 (+1.14) 0.78 (+2.33) 62.50 11.11 0.050
Leptotrichia 1.25 (+1.49) 0.00 (+0.00) 0.019 50.00 0.00 0.029
Proteobacteria 5.88 (+4.55) 0.22 (+0.67) 0.001 87.50 11.11 0.003
Campylobacter 5.88 (+4.55) 0.22 (+0.67) 0.001 87.50 11.11 0.003
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Fig 1. Principal component analysis based on detection frequencies of species in samples. Most of the pulp samples clustered
together, whereas caries samples were widely dispersed. PC1 (x-axis) represents 15.7% of the variability in the data and PC2
(y-axis) represents 12.5% of the variability of the data. The ellipses encompass 50% of the samples in either caries/plaque and
are grouped by sample type (caries C1-C8 blue; pulp P1-P9 red).

species were detected in pulp and caries, 43% of taxa were
detected only in caries, and 18% only in pulp. The
dominant phyla detected in both caries and pulps were
Firmicutes (mainly streptococci); followed by Actinobac-
teria (mainly Actinomyces species) (Table 2). More taxa
in the genera Actinomyces, Selenomonas, Fusobacterium,
and Campylobacter species were detected in the carious
lesions than from exposed pulps. Conversely, more taxa in
the genus Veillonella were detected in pulps (Table 2). For
the closely related taxa, Actinomyces naeslundii and
Actinomyces oris, most of the isolates were identified at
99.5% or above to the consensus sequences in HOMD.

Sixty-three taxa were identified in two or more children
and this dataset was used for multivariate analyses. PCA
clustered microbiotas into two groups that incorporated
28% of the data variability (Fig. 1). There was no overlap
in the (bivariate normal) ellipses that incorporated 50%
of either the pulp or the caries microbiotas. Pulp bacteria
centered closely to the 50% ellipse, whereas the caries
biofilms were widely dispersed.

The groups formed from hierarchical cluster analysis
of species/taxa in samples were similar to those from the
PCA analysis. The species grouped into four levels (brown,
blue, green, and magenta, Fig. 2) based on their con-

tribution in cluster formation. Cluster 1 (brown) species
were the most influential and comprised Streptococcus
mutans, Veillonella atypica, and Veillonella parvula. These
species were detected in most of the samples. Cluster 2
species (blue) contained named and unnamed species
(designated by HOT groups). Cluster 2 species included
Streptococcus mitis, Streptococcus cristatus, Streptococcus
gordonii, two unnamed Streptococcus species, S. wiggsiae,
Parascardovia denticolens, Actinomyces odontolyticus,
A. oris, Actinomyces massiliensis, three unnamed Actinomyces
species, Veillonella dispar, and Prevotella melaninogenica.
The third (green) and fourth (magenta) species groups
were detected less frequently in the pulp than in caries
biofilms. Species of interest observed as putative cario-
genic pathogens included Bifidobacterium longum, Lacto-
bacillus paracasei, Lactobacillus fermentum, Lactobacillus
gasseri, and several Actinomyces species.

Figure 3 summarizes the species detected in pulps
and their detection in carious lesions. The principal
pulp species included S. mutans, P. denticolens, B. longum,
L. paracasei, and several additional Lactobacillus and
Actinomyces species. Only V. dispar (p =0.035) was at
higher proportions in the pulp than caries biofilms. Species
detected at higher proportions or more frequently in
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Fig. 2. Two-way hierarchical cluster of binary levels for 17 samples across 63 species/taxa. Sample groupings were similar to
those of the principal component analysis (Fig. 1). Species grouped in four clusters (color coded). The figure illustrates the fewer
species detected in pulp than in caries samples of the same children although S. mutans, V. parvula, and V. atypica were detected

in most samples.

caries than pulps included Streptococcus intermedius
(p =0.05), Actinomyces sp. HOT 180 (p =0.05), Strep-
tococcus salivarius (p =0.05), and Campylobacter con-
cisus (p =0.05) (Fig. 3b).

Several additional species were detected more frequently
in caries but were not detected in the pulp microbiotas:
Streptococcus mitis biovar 2 (p =0.05), Campylobacter
gracilis (p =0.03), Campylobacter showae (p =0.03), F.
nucleatum subsp. polymorphum (p =0.03), and S. wiggsiae
(» =0.03).

Discussion

The advanced stage of dental caries in the sampled
children in this pilot project allowed sampling of bacteria
associated with dental caries and with pulps that were
exposed during caries removal before restorative therapy.
While fewer species were detected in the deciduous pulps
than in carious lesion biofilms, the overall similarity of
species between sample sites suggests that the vital pulp
microbiota reflected those species that had recently
invaded from deep dentinal lesions. This extends the
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Fig. 3. Taxa in exposed pulps and their presence in caries. (a) Percent of total taxa identified; (b) percent detection frequency.
*p <0.05. Species are in descending order of percent of all species detected/site in pulps of deciduous teeth and were detected in
at least two pulp or caries samples (except for Lactobacillus curvatus which was included as it comprised 10 isolates in one pulp
sample). Species at highest mean proportions in the pulps were S. mutans, Bifidobacteriaceae (Parascardovia denticolens and
Bifidobacterium longum), and Veillonella species followed by Lactobacillus paracasei and several Actinomyces species including

A. oris and A. naeslundii.

previous observation of similarity between isolates from
carious lesions and root canals in ECC using typing by
repetitive sequence-based PCR fingerprinting methods
(24). The literature study compared caries and root canal
detection of several Streptococcus and Lactobacillus
species, but did not report detection of Bifidobacterium,
Parascardovia, or Actinomyces species as in the current
report. In another report, species cultured from primary
teeth with necrotic pulps were principally Bifidobacterium
subsp2 and S. intermedius (18). The sequence of Bifido-
bacterium subsp. 2 (GenBank: GQ900831.1) was identified

to S. wiggsiae in the HOMD database (100% identity, 0/
781 mismatch) indicating that they had cultured S.
wiggsiae from necrotic pulps. They also identified Acti-
nomyces species so our data were more comparable to this
study, although fewer species were identified in the
literature study (18). In the current study, samples were
incubated longer than the literature study, which probably
accounted for the greater diversity of species detected. The
pulp microbiotas detected in the current report comprised
mainly of S. mutans, P. denticolens, Lactobacillus, and
Actinomyces species. Our findings together with those of
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Ledezma-Rastillo et al. (18) suggest that studies focusing on
selected gram-negative taxa are underestimating the species
diversity present in exposed pulps of deciduous teeth. The
frequent detection of Lactobacillus, Bifidobacterium,
Propionibacterium, and Actinomyces species from root canal
infections of permanent teeth (25) suggests that presence of
gram-positive rod species extends beyond the primary to the
permanent dentition.

Overall, the microbiota detected in severe ECC
and exposed pulps was heterogeneous including highly
acidic and/or acid-tolerant gram-positive species in com-
bination with weak or non-acidogenic, but proteolytic
gram-negative species. The presence of a complex micro-
biota in dentinal caries was revealed using open-ended,
non-selective methods including anaerobic culture allow-
ing for the growth of fastidious taxa (9, 26) and molecu-
lar cloning/sequencing and pyrosequencing approaches
(10, 27-29). Recent reports have indicated that different
components of the microbiota play different roles in initial
enamel lesions compared to caries extension into dentin
(30-33). The hydroxyapatite-rich enamel likely requires a
more acidic microbiota for demineralization compared
with dentin. The highly acidogenic species would in-
clude S. mutans, acidogenic non-mutans streptococci
and Actinomyces species, and Bifidobacterium/Scardovia
species. The mechanism of caries progression into dentin
may include proteolysis by Prevotella species of proteins
denatured by the acidic species (32). Whether acidic or
proteolytic mechanisms, or a combination of methods,
initiate pulpitis, it seems likely that the proteolytic com-
ponent would lead to pulp tissue necrosis considering
the frequent detection of gram-negative taxa in root canal
infections, including in deciduous teeth (12-15). The
caries biofilms analyzed could have included interprox-
imal lesions, so some of the gram-negative species detected
in the current report could reflect a gingivitis-associated
microbiota as we observed in the microbiota of white spot
lesions associated with fixed orthodontic appliances (34).

Fewer species were detected in the pulp than in caries
biofilms as has been observed for root canal infections in
deciduous teeth (13, 18). Detection of fewer species in
pulp than caries microbiotas may reflect that the pulp
samples were smaller than the caries biofilms, and the
smaller biomass could reduce the likelihood of detecting
individual species. This might explain the lack of detection
of S. wiggsiae in pulps of the current study, whereas S.
wiggsiae was the most frequently detected species cultured
from pulp samples of deciduous teeth (as Bifidobacterium
two species) (18). The relatively lower species detection
in pulps compared to caries was the likely basis for the
clustering of samples by clinical site. The lower pulp
microbiota diversity could reflect the confined nutrition-
ally restricted environment of deciduous pulps compared
with carious biofilms that are exposed to the oral cavity.
The detection of lactobacilli in pulp is consistent with

Pulp and plague microbiotas of SECC

finding lactobacilli in initial pulpal infections of perma-
nent teeth (35) and root canal infections (25).

A mixture of antibiotics is routinely used for disinfec-
tion of immature teeth in regenerative endodontic proce-
dures (36) and has been used successfully to treat primary
teeth with pulp infections (37). Recognition of the diver-
sity and nature of early bacterial invaders into the pulp of
patients with severe ECC is important for the development
of anti-bacterial medicaments for vital pulp therapy in
such patients.

We conclude that the microbiota of vital, infected
pulps in primary teeth with severe ECC is quite similar
to that of advanced carious lesion biofilms. While the
dominant species detected was S. mutans, the detection
of Parascardovia, Lactobacillus, and Veillonella species in
pulps suggests that these taxa may play direct or support-
ing roles in pulp pathology in children. Knowing the
dominant species may be important for the development
of vital pulp therapy for severe ECC patients.
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