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Abstract

Rothia species are components of the normal oral microflora, which have been recognized as emerging opportunistic
pathogens in immune compromised hosts. This study was performed to investigate the distribution of Rothia species in
infected root canals. The correlations of clinical findings with the presence of Rothia species were also evaluated. A total
of 200 root canal samples, including 92 primary infections and 108 secondary infections, were collected from 200
Japanese patients. Polymerase chain reaction (PCR) targeting the 16S rRNA gene was performed to detect three Rothia
species, i.e., Rothia mucilaginosa, Rothia aeria, and Rothia dentocariosa. The detection frequencies of R. mucilaginosa, R.
aeria, and R. dentocariosa were 49/200 (24.5%), 95/200 (47.5%), and 55/200 (27.5%), respectively. There were no
significant differences in the detection frequencies between primary and secondary endodontic infections. The
detection frequency of R. mucilaginosa in cases with gingival swelling was 42.9%, and there were significantly more
cases positive than negative for this species (P = 0.042). The presence of R. aeria also showed correlations with
radiolucency around the root apex (P = 0.001) and pain on percussion (P = 0.044). Quantitative real-time PCR revealed
that the relative abundance of R. mucilaginosa in total bacterial counts ranged from 0.04% to 91.8%. These results
indicated that Rothia species colonize root canals at relatively high frequency, and that root canals are potential
reservoirs of these pathogens. The results also suggest that Rothia species are involved in the pathogenesis of apical
periodontitis.
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1. Introduction

Rothia species are gram-positive cocobacilli present in the normal microflora of the oral environment and the upper
respiratory tract. Although Rothia species (i.e., Rothia mucilaginosa, Rothia aeria, and Rothia dentocariosa) were
originally believed to be of low virulence, these microorganisms are now recognized as pathogens involved in various
systemic infections, such as endocarditis [1, 2], meningitis [3], pneumonia [4], bacteremia [5], knee joint infection [6],
and endophthalmitis [7]. R. mucilaginosa, previously known as Stomatococcus mucilaginosus, has been most often
reported as an emerging opportunistic pathogen involved in serious systemic infections. Inmune compromised hosts,
such as patients with hematological malignancies undergoing chemotherapy or neutropenic patients, have been
reported as targets of this microorganism [5, 8].

Although the systemic infection routes of Rothia species have not been determined, they are presumed to involve gut
translocation, catheter-related infection, or mucositis [8]. In addition to these routes, it is necessary to be aware of oral
infectious diseases. Periodontitis and apical periodontitis are major oral infectious diseases, and R. mucilaginosa has
been reported to be a pathogen involved in persistent periapical periodontitis [9]. Clinical isolates from root canals
exhibit a dense meshwork-like structure on the cell surface, which has an appearance similar to a number of biofilm-
forming species [9]. To our knowledge, there have been no other investigations of the roles of Rothia species in the
pathogenesis of apical periodontitis. The detection frequency in root canals has not been reported.
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Periodontitis, an infectious and inflammatory gum disease, is well known to be linked to various systemic diseases, such
as cardiovascular disease, diabetes, and rheumatoid arthritis [10]. Apical periodontitis is a disease caused by
polymicrobial infection of oral bacteria in the tooth root canal. Similar linkage between systematic diseases and apical
periodontitis has recently attracted attention [11, 12, 13]. However, the endodontic focal infection theory and the
concept of endodontic medicine are still controversial [14]. The theory had been demised once, the question whether
the apically detected inflammation or bacteria is a threat to systemic health has again been raised [14].

Small apical lesions with small amounts of microorganisms may not affect the systemic condition in healthy individuals.
However, in immunocompromised hosts, such as neutropenic patients, root canals connected to alveolar bone could act
as a route of oral bacterial infection, and may have deleterious effects on morbidity and mortality. Indeed, endodontic
pathogens have been reported to be causes of serious systemic infections [15, 16]. This study was performed to
investigate the detection frequency of Rothia species in infected root canals and the associations with the clinical
symptom of apical periodontitis.

2. Material and methods

2.1. Sample collection

A total of 200 patients treated at Osaka Dental University Hospital for root canal treatment, who did not have any
systemic diseases, and had not received antibiotic treatment during the past 3 months were selected for this study. The
patients ranged in age from 20 to 93 years. One tooth was selected from each patient. Ninety-two teeth showed necrotic
pulp tissue and 108 teeth had received root canal treatment but showed inadequate obturation with obvious dead space
in X-ray findings. The presence of radiolucency at the apex, gingival swelling, spontaneous pain, sinus tract, and pain on
percussion were examined on the sampling date. The Ethics Committee of Osaka Dental University approved the
protocol of this study (approval number: 110972), and all patients signed an informed consent form to participate in
this study.

Prior to sampling, the teeth were isolated with a rubber dam and were disinfected with 30% H202 and 2.5% NaOCl after
removing dental caries. Followed by neutralization with 5% sodium thiosulfate, an access cavity was prepared using
sterile diamond burs under irrigation with sterile saline. In the case of retreatment, restorations were removed and the
disinfection protocol was repeated before removing the root canal obturation. Pre-existing root filling materials were
removed using endodontic files without the use of gutta percha solvents. Bacterial samples were collected using
endodontic files (K-files: Mani Inc.) with corresponding in size to the diameter of the root canals near the apex. After
repeating the filling operation several times, the contents and the dentin powder of the root canals attached to the file
were suspended in 1 ml of phosphate-buffered saline (PBS) (Invitrogen). Aseptic technique was employed throughout
the sampling procedure. The bacterial samples were stored at 4°C and were subjected to DNA extraction on the same
day.

2.2. DNA extraction

InstaGene Matrix (Bio-Rad) was used for DNA extraction from the samples according to the manufacturer’s instructions.
Briefly, bacterial cells suspended in PBS were pelleted by centrifugation (14000 rpm for 10 minutes) and resuspended
in 200 pl of InstaGene Matrix. The suspensions were incubated at 56°C for 30 minutes and then 100°C for 8 minutes.
After incubation, the suspensions were centrifuged and aliquots of 2 pl of the resulting supernatants were used for PCR
and real-time PCR.

2.3. Detection of Rothia species (PCR method)

Three Rothia species, i.e., R. mucilaginosa, R. aeria, and R. dentocariosa, were detected by PCR according to the method
described by Tsuzukibashi et al. [17]. The PCR products were electrophoresed on 1.5% agarose gels, stained with
ethidium bromide (50 pg/ml), and the products were detected under UV illumination (302 nm).

2.4. Quantitative detection of R. mucilaginosa and total bacteria (real-time PCR method)

Total bacterial counts in the samples were determined by real-time PCR as described previously [18]. For quantitative
detection of R. mucilaginosa, we designed a primer set for real-time PCR. R. mucilaginosa-specific regions on the 16S
rDNA were identified by alignment of the published sequence data of 16S rDNA of other bacterial species, including R.
aeria and R. dentocariosa, obtained from the National Center for Biotechnology Information website and Human Oral
Microbiome Database. Alignments were performed in Genetyx ver. 8 (Genetyx). Prior to application to the clinical
specimens, quantitativity and specificity of the primers were confirmed as described previously [18] (data not shown).
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The nucleotide sequences of the primers were as follows: forward primer, 5° -GAAGAGARATTGACGGTACC-3" ;
reverse primer, 5° -CCGTACCCACTGCAATACAC-3’ . Real-time PCR was performed using PowerUp™ SYBR™ Green
Master Mix (Thermo Fisher Scientific) and QuantStudio™ 3 (Thermo Fisher Scientific). The reaction mixture contained
300 nM of each primer and 2 pl of sample DNA in a total volume of 20 pl. The thermal cycling profile was as follows:
50°C for 2 minutes (Uracil-DNA-glycosylase (UDG) activation step), 95°C for 2 minutes (activation step for Dual-lock™
DNA polymerase), and 35 cycles of 95°C for 10 s and 60°C for 30 s. Melting curve analysis was performed in the range
of 60°C to 95°C for each reaction to assess the specificity. R. mucilaginosa DY-18 was cultivated on blood agar plates
(BBL Microbiology Systems). Bacterial colonies on the agar plates were suspended in PBS and subjected to DNA
extraction. The DNA samples equivalent to 10 - 106 bacterial cells were used to construct a standard curve.

2.5. Statistical analysis

The significance of differences in frequency of Rothia-positive subjects between the presence or absence of the
individual clinical findings was assessed by Fisher’s Exact Test. In all analyses, P < 0.05 was taken to indicate statistical
significance.

3. Results

3.1. Detection frequency of the three Rothia species

A total of 200 samples were obtained from the patients. Table 1 shows the distribution of the three Rothia species in
primary and secondary endodontic infections. Total detection frequencies of R. mucilaginosa, R. aeria, and R.
dentocariosa in infected root canals were 24.5%, 47.5%, and 27.5%, respectively. In 134/200 cases (67%), at least one
of the Rothia species was detected in the root canals. There were no significant differences in detection frequency
between primary and secondary endodontic infections.

Table 1 The prevalence of Rothia species in primary and secondary root canal infection

R. R. aeria R. dentocariosa Including atleastone
mucilaginosa Rothia species

primary

infection 24 (26.1%) 43 (46.7%) 24 (26.1%) 61 (66.3%)

(n=92)

secondary

infection 25 (23.1%) 52 (48.1%) 31 (28.7%) 74 (68.5%)

(n=108)

Total (n = 200) 49 (24.5%) 95 (47.5%) 55 (27.5%) 134 (67.0%)

3.2. Distribution of Rothia species and clinical findings

The distribution of the three Rothia species in cases exhibiting radiolucency around the root apex, gingival swelling,
pain on percussion, spontaneous pain, and sinus tract are shown in Table 2. The detection frequency of R. mucilaginosa
in cases with gingival swelling was 42.9%. There were significantly more cases of gingival swelling positive than
negative for R. mucilaginosa (P = 0.042). There were significantly more cases exhibiting radiolucency at the apex
positive than negative for R. aeria (P = 0.001). As with radiolucency, there was a significant correlation between the
presence of R. aeria and pain on percussion (P = 0.044). Among the total of 200 subjects, 141 subjects exhibited at least
one clinical finding, and there were significantly more of these cases positive than negative for R. aeria (P = 0.001). Fifty-
nine subjects exhibited no clinical findings. The detection frequencies of R. mucilaginosa, R. aeria, and R. dentocariosa in
this group were 16.9%, 30.5%, and 30.5%, respectively (data not shown in the table).
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Table 2 Clinical findings and prevalence of Rothia species

Total Radio- Swelling  Percussio Spontane Sinus Cases
sample lucency (n=21) n pain ous pain  tract including
(n=200) (n=117) (n=67) (n=19) (n=39) at least
one
finding (n
=141)
R. 49 33 9* 19 5 13 39
mucilagin ~ (24.5%) (28.2%) (42.9%) (28.4%) (26.3%) (33.3%) (27.7%)
osa
R. 95 68* 13 38* 9 21 77*
aeria (47.5%) (58.1%) (61.9%) (56.7%) (47.4%) (53.8%) (54.6%)
R 55 32 7 19 3 7 37
dentocario (27.5%) (27.4%) (33.3%) (28.4%) (15.8%) (17.9) (26.2%)
sa

*Cases exhibiting the findings positive for the Rothia species were significantly higher than those negative for the species. P < 0.05

3.3. Relative abundance of R. mucilaginosa in total bacterial counts

The 49 samples positive for R. mucilaginosa were subjected to real-time PCR. Total bacterial counts and cell numbers of
R. mucilaginosa were quantified, and the relative abundance of R. mucilaginosa in each sample was calculated. The ratio
of R. mucilaginosa in total bacterial counts ranged from 0.04% to 91.8%. Table 3 shows the distribution of R
mucilaginosa-positive subjects divided according to the range of the ratio. In 16 (32.7%) root canals, the ratio of R.
mucilaginosa was < 1%, and the ratio was 1% - 5% in 14 (28.6%) root canals. The ratio of R. mucilaginosa in the total
bacterial counts was > 20% in 10 root canals (20.4%). There were no statistically significant correlations between
relative abundance and clinical findings (data not shown).

Table 3 Relative abundance of R. mucilaginosa in total bacterial counts

<1% 1% - 5% - 10% - 15% - >20%
less than less than less than less than
5% 10% 15% 20%
Number of 16(32.7) 14(28.6) 3(6.1) 4(8.2) 2(4.1) 10 (20.4)
subjects
(%), total n =
49

4. Discussion

Serious systemic infection caused by Rothia species has become a significant clinical concern, especially in immune
compromised hosts [5]. An increasing number of systemic infectious diseases caused by these microorganisms have
been reported [1 - 7]. Rothia species are components of the normal oral microflora, and R. mucilaginosa has been
suggested to be involved in the pathogenesis of apical periodontitis [9]. However, there have been no studies regarding
endodontic infections as a reservoir of Rothia species. Although gut translocation, catheter-related infection, and
mucositis are estimated to be the main infection routes [8], to our knowledge, there have been no detailed studies of
this issue. Root canals connected to alveolar bone represent a potential reservoir of Rothia species. The main purpose
of this study was to raise awareness regarding the potential risk of infected root canals as a reservoir of Rothia species
by determining their distribution.

Among 200 root canals examined, 134 (67.0%) contained at least one Rothia species. Among the three Rothia species
examined, R. aeria was detected at the highest rate (47.5%) in this study population. They were detected in both primary
and secondary root canal infections at similar rates. Enterococcus faecalis is one of the pathogens most commonly
implicated in endodontic infections, and a series of reports have investigated its distribution [19]. Dumani et al. [20]

23



Teramoto et al. / World Journal of Advanced Research and Reviews, 2019, 04(02), 020-026

reported detection of E. faecalis in 19/117 primary infections and in 11/114 persistent infections by a PCR-based
method. By real-time PCR, another study demonstrated the presence of E. faecalis in 27 /40 primary infections and
43/48 persistent infections [21]. Although the detection frequencies of E. faecalis differed between the reports, in
comparison to these previous studies using PCR-based methods, Rothia species were detected at relatively high
frequency in root canals in the present study. They may be among the most common components of the microbial
communities. Further studies using culture methods are needed to further elucidate their viability.

The correlations between the presence of Rothia species and clinical findings were examined in the present study. We
have previously isolated R. mucilaginosa from persistent apical periodontitis lesions [9]. The isolated R. mucilaginosa
exhibited a dense biofilm with a meshwork-like structure, suggesting the involvement of this microorganism in the
pathogenesis of endodontic infection. The results of the present study suggest an association with gingival swelling.
With regard to the associations with clinical findings, R. aeria is more likely to be correlated to clinical findings than R.
mucilaginosa. The results suggested correlations of the presence of R. aeria with radiolucency and pain on percussion.
It is still unknown whether Rothia species directly show virulence in apical periodontitis. Synergistic effects with other
bacterial species in the microflora should also be examined in further studies. In addition, virulence factors of the Rothia
species have not been determined, as the bacteria had been considered to have low virulence. It will be necessary to
determine how the Rothia species are selected and to examine their virulence as opportunistic pathogens in immune
compromised hosts.

Among the three Rothia species, R. mucilaginosa has been reported most frequently as a cause of systemic infections.
Ramanan et al. [8] reported the frequency of R. mucilaginosa infection among neutropenic and leukemia patients. They
reported that among 25 patients positive for Rothia in blood culture tests, R. mucilaginosa was responsible for all of the
bloodstream infections. Therefore, we attempted to quantify the bacterial species in root canals. The detected counts of
R. mucilaginosa ranged from 50 to 2.7x10%. As it is not possible to collect the bacterial cells entirely from the root canals,
the bacterial number itself is not important for the analysis, so the relative abundance of R. mucilaginosa in total
bacterial counts was determined in this study. Among the 49 patients positive for R. mucilaginosa, the ratio was < 1%
in 16 patients and > 20% in 10 patients. These results suggested that R. mucilaginosa is a major component of the root
canal microflora in some cases.

In this study, systemically healthy subjects were selected, and the distribution of Rothia species in root canals of immune
compromised hosts has yet to be elucidated. Favorable host factors for R. mucilaginosa, such as long-term neutropenia
followed by chemotherapy and repeated or prolonged exposure to broad-spectrum antibiotics, have been suggested to
lead to the selection of this pathogen [8, 22]. Therefore, the detection frequency and the ratio of Rothia species in root
canals or oral microflora of immune compromised hosts may be higher than in healthy subjects. Further research
regarding the distribution of Rothia in immune compromised hosts is urgently required.

We determined the detection frequencies of the three Rothia species in infected root canals. In root canals, the Rothia
species were detected at relatively high frequency. The results indicated that the root canals represent a potential
infection route for these pathogens to alveolar bone and the whole body. The results presented here suggest that
bacterial examination of root canals should be performed in immune compromised hosts, especially in cases of
bacteremia. Indeed, dental diseases have been suggested to be a cause of Rothia infection [6], although the details are
still unclear. Genotyping approaches will be required to answer these questions. Endodontic focal infection theory has
once been denied. However, recent advances in endodontic therapy and bacterial examination technology have enabled
us to eliminate the infection of root canals without tooth extraction. Dentists, especially endodontists, must identify the
risk of root canal infection and determine the necessity of treatment, especially in cases of hematological malignancy
prior to chemotherapy or hematopoietic stem cell transplantation.

5. Conclusion

The results of this study showed that three Rothia species, i.e.,, R. mucilaginosa, R. aeria, and R. dentocariosa, are
distributed in root canals at relatively high rates. These opportunistic pathogens may be involved in the pathogenesis
of apical periodontitis, and the root canals may represent a potential reservoir.
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