

[image: image1]

  Fusobacterium nucleatum and Treponema denticola are robust biomarkers for gingivitis and periodontitis in small dogs









 


	
	
ORIGINAL RESEARCH
published: 06 January 2025
doi: 10.3389/fvets.2024.1515521








[image: image2]

Fusobacterium nucleatum and Treponema denticola are robust biomarkers for gingivitis and periodontitis in small dogs

Daehyun Kwon1,2†, Kisuk Bae3†, Kwangsik Jang2,4, Hyun Min Jo2,4, Seong Soo Kang2,4, Jonghoe Byun3* and Se Eun Kim2,4*


1MAY Veterinary Dental Hospital, Seoul, Republic of Korea

2Department of Veterinary Surgery, College of Veterinary Medicine and BK21 Plus Project Team, Chonnam National University, Gwangju, Republic of Korea

3Department of Molecular Biology/Biological Sciences, School of Biomedical Sciences, Dankook University, Cheonan, Republic of Korea

4Biomaterial R&BD Center, Chonnam National University, Gwangju, Republic of Korea

Edited by
 Natalia Vapniarsky, University of California, Davis, United States

Reviewed by
 Maria M. Soltero-Rivera, University of California, Davis, United States
 Jamie Gail Anderson, University of Pennsylvania, United States

*Correspondence
 Se Eun Kim, ksevet@jnu.ac.kr 
 Jonghoe Byun, jonghoe@dankook.ac.kr

†These authors have contributed equally to this work

Received 23 October 2024
 Accepted 16 December 2024
 Published 06 January 2025

Citation
 Kwon D, Bae K, Jang K, Jo HM, Kang SS, Byun J and Kim SE (2025) Fusobacterium nucleatum and Treponema denticola are robust biomarkers for gingivitis and periodontitis in small dogs. Front. Vet. Sci. 11:1515521. doi: 10.3389/fvets.2024.1515521
 

Introduction: Periodontal disease is one of the most common oral diseases in dogs and humans. It starts with gingivitis, a reversible condition, and progresses to an irreversible condition, periodontitis. Unlike humans, the etiology of periodontal disease in dogs has not been widely studied. Many studies suggest that bacteria strongly implicated in human periodontal disease might also play a role in canine periodontal disease. In contrast to studies examining only the prevalence of bacteria, a recent study analyzed 336 gingival crevicular fluid (GCF) samples in dogs to evaluate the prevalence of 11 putative periodontopathic bacteria and the correlation and association of bacterial numbers individually and in combination with periodontal disease stages. Results showed that Treponema denticola (Td) was a strong prognostic biomarker for periodontitis in dogs. However, a limitation of this study was that samples were grouped according to the periodontal status of the target tooth only, without assessment of the overall oral health. Furthermore, the findings of this study revealed a need for validation in a larger sample size.

Materials and methods: This study ensured that the overall oral health assessment of dogs under 20 kg matched with sampled groups, thus eliminating the influence of environmental factors on the results. Furthermore, 1,054 GCF samples were analyzed using quantitative real-time polymerase chain reaction (qPCR) for 12 bacteria, including the same 11 putative periodontopathic bacteria [Aggregatibacter actinomycetemcomitans (Aa), Porphyromonas gingivalis (Pg), Tannerella forsythia (Tf), Td, Fusobacterium nucleatum (Fn), Prevotella nigrescens (Pn), Prevotella intermedia (Pi), Parvimonas micra (Pm), Eubacterium nodatum (En), Campylobacter rectus (Cr), and Eikenella corrodens (Ec)] and Porphyromonas gulae (P. gulae), suspected to be a major causative agent of periodontitis in dogs in some statistical evaluatioins.

Results: Interestingly, the present study found that Fn was strongly associated with gingivitis and reconfirmed a strong association between Td and periodontitis (irreversible periodontal disease). However, Aa showed no relevance, and P. gulae was not significantly associated with periodontal disease in dogs in this study.

Conclusion: These findings suggest that Fn and Td would be robust biomarkers for the severity of periodontal disease in small dogs.
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1 Introduction

Periodontal disease is one of the most common oral diseases found in dogs worldwide (1–4). Clinically, it starts with gingivitis, a reversible inflammatory condition characterized by swelling and redness of the gums, and gradually progresses to periodontitis, an irreversible disease state characterized by the destruction of tooth-supporting structures, such as periodontal ligament and alveolar bone (5, 6). Periodontal disease is caused by a complex interaction between gingival crevicular fluid (GCF) bacteria, host, and environmental factors (4).

While the relationship between periodontal disease and subgingival bacteria in humans has been well-studied for decades, it has not been widely studied in dogs. Many researchers have suspected human periodontitis-related bacteria are putative periodontitis-related pathogens in dogs (7, 8). However, most studies have used small sample sizes, providing less generalizability of results (9, 10). Furthermore, most studies have analyzed only the presence of putative bacteria, lacking information on changes in bacterial counts among reversible (healthy and gingivitis) and irreversible (periodontitis) periodontal conditions and different stages of periodontitis in dogs.

Recently, Kwon et al. performed quantitative real-time polymerase chain reaction (qPCR) for 11 putative periodontopathic bacterial species in dogs using 336 GCF samples. Correlations and associations between the number of bacterial species and various periodontal conditions were analyzed based on the qPCR results. They showed that Aggregatibacter actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg), the representative periodontopathic bacteria in humans, were not associated with periodontitis in dogs. Treponema denticola (Td) was strongly correlated and associated with periodontitis in dogs, serving as a prognostic biomarker (11).

However, studies using larger sample sizes are necessary for accurate results. Moreover, the effect of different sampling spots on teeth and the oral environment needs consideration. The study examined 336 samples grouped according to the periodontal status of a single tooth used for sample collection (6 test sites per tooth were sampled and pooled). However, it did not assess the influence of the overall oral environment. Hence, this study selected 1,286 teeth from 643 dogs and grouped them to ensure that oral environmental factors did not influence the results.

Furthermore, Porphyromonas gulae (P. gulae), a possible causative agent of periodontal disease in dogs (based on its prevalence in several studies) (12–14), was analyzed with 11 bacterial species evaluated in the previous study (11). The 12 bacterial species examined were Aa, Pg, Tannerella forsythia (Tf), Td, Fusobacterium nucleatum (Fn), Prevotella nigrescens (Pn), Prevotella intermedia (Pi), Parvimonas micra (Pm), Eubacterium nodatum (En), Campylobacter rectus (Cr), Eikenella corrodens (Ec), and P. gulae. This study used qPCR and explored whether bacterial prevalence of the 12 putative periodontopathic bacteria (increase and/or decrease individually and in combination) has a significant association with severity of periodontal disease in small dogs.



2 Materials and methods


2.1 Grouping of 643 dogs

The study used client-owned dogs that underwent various dental treatments, such as periodontal therapy, endodontic treatment, simple scaling, and general oral examination, at MAY Veterinary Dental Hospital. The owners were informed of the purpose of the study and signed an informed consent to obtain samples with paper points from their dogs during the procedure. All procedures were performed under general inhalation anesthesia, and every effort was made to minimize pain through non-invasive methods. The dogs were evaluated through serum biochemistry tests, complete blood count (CBC), chest radiography, auscultation, and blood pressure measurements before the scheduled dental procedure, and had not received antibiotics in the previous 3 months.

Willas et al. hypothesized that the prevalence of periodontal disease would vary across breed size categories, breeds, and body weight and found that most breeds diagnosed with periodontal disease were in the extra-small (<6.5 kg), small (6.5–9 kg), and medium-small (9–15 kg) size categories (15). Based on these findings, dogs used in the study were limited to those weighing less than 20 kg, which is common in Korea, even if this weight restriction prevents the results from being representative of the entire dog population.

Strict categorization was applied to minimize the impact of confounding factors that could affect the results. The 643 dogs under 20 kg were assessed for overall oral condition and categorized into three groups based on the probing of all teeth in the oral cavity and full-mouth intraoral radiographic evaluation as follows: Healthy group: healthy overall periodontal condition. Gingivitis group: the worst periodontal condition was gingivitis only. Periodontitis group: periodontitis involving one or more teeth (Figure 1).
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FIGURE 1
 Grouping criteria and sample collection sites. The dogs were initially classified into three groups (healthy, gingivitis, and periodontitis). Then, two teeth on each dog were selected for further classification into five periodontal disease (PD) groups based on clinical conditions, such as healthy (PD0), gingivitis (PD1), early periodontitis (PD2), moderate periodontitis (PD3), and advanced periodontitis (PD4). While the reversible group comprised PD0 and PD1, the irreversible group comprised PD2, PD3, and PD4. Then, samples were collected at six points around a tooth.




2.2 Sample collection

The study used 1,286 subgingival GCF samples from 643 dogs over 1 year between January 2020 and December 2023. Among the samples analyzed in this study, only 36 samples from 18 dogs collected over 2 months, from January to February 2020, overlap with those used in the 2022 study by Kwon et al. (11). The general anesthesia protocol was as follows: premedication with subcutaneous glycopyrrolate (0.01 mg/kg Mobinul; Myungmoon Pharm., Seoul, Korea); intravenous butorphanol (0.1 mg/kg Bu; Myungmoon, Gyeonggi, Korea) and midazolam (0.2 mg/kg Midacom; Myungmoon Pharm.). Propofol (4 mg/kg Probio; Myungmoon Pharm.) was administered intravenously for induction, and anesthesia was maintained with sevoflurane at 2.3% and O2 at 2 L/min followed by the placement of a cuffed endotracheal tube. Lactated Ringer’s solution was administered intravenously at 10 mL/kg/h throughout the procedure. A conductive-fabric patient warming system was placed under the dogs, and they were monitored using combination monitoring equipment.

The sampling sites were divided into rostral and caudal teeth of the oral cavity. Rostral target teeth were mandibular and maxillary canines, which are functionally important rostral teeth. Maxillary fourth molar and mandibular first molar teeth (primary masticatory teeth) were categorized as caudal. Samples were taken from two teeth found most periodontally compromised in each dog (Figure 1).

Before applying the oral cleansing agent (chlorhexidine), six sterile paper points (International Organization for Standardization #30) were gently inserted into the six subgingival pockets (distal, distobuccal, mesiobuccal, mesial, mesiopalatal/lingual, and distopalatal/lingual) around the target tooth for 30 s to obtain GCF samples. These six paper points were immediately transferred to a sterile transport tube, assigned a unique barcode number, and analyzed as one sample. The pooled samples were stored at 4°C until DNA extraction.



2.3 Grouping of target teeth by the 5 stages of periodontal disease

The American Veterinary Dental College describes five stages of periodontal disease as follows: healthy (PD0), gingivitis (PD1), early periodontitis (PD2), moderate periodontitis (PD3), and advanced periodontitis (PD4), based on the severity of attachment loss (16). Intraoral dental radiographs were obtained under general anesthesia and evaluated by the same veterinarian (Daehyun Kwon) (under consistent conditions) using a standard approach.

A total of 1,286 target teeth from 643 dogs were categorized into PD0, PD1, PD2, PD3, and PD4 based on their periodontal conditions. Among them, teeth from dogs in the healthy group were categorized as PD0. In the gingivitis group, one or two teeth involved in gingivitis were classified as PD1. Similarly, among teeth in the periodontitis group, only those exhibiting periodontitis according to radiological evaluation were categorized into PD2, PD3, and PD4 groups; teeth without periodontitis were excluded. PD0 and PD1 constituted the reversible group, while PD2, PD3, and PD4 comprised the irreversible group. The reversible group was strictly defined by the absence of periodontitis in the oral cavity, and the PD0 group was strictly defined by the absence of any periodontal disease in the oral cavity (Figure 1). The reversible group was differentiated from the irreversible group by the absence of intraoral periodontitis, and the PD0 group was strictly separated from the other sample groups (PD1 to PD4) by the absence of intraoral periodontal disease. Finally, 1,054 GCF samples that met the strict grouping criteria described above were analyzed and evaluated.



2.4 DNA extraction and storage

DNA extraction from the GCF samples was performed using an Exgene™ Cell SV kit (GeneAll Biotechnologies, Seoul, Korea), following the manufacturer’s instructions. The paper point was treated with 180 μL of lysozyme at 30 mg/mL and incubated at 37°C for 30 min. Proteinase K solution (20 μL of 20 mg/mL) and 200 μL of buffer BL were added to each sample, followed by incubation at 56°C for 30 min and 95°C for 15 min. Subsequently, 200 μL of absolute ethanol was added, and the mixture was transferred into a column and centrifuged at 14,000 rpm for 1 min. After washing the column with 600 μL of buffer BW, 700 μL of buffer TW was added. Next, 100 μL of buffer AE was used to elute DNA. DNA was quantified with a NanoDrop spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, United States). DNA samples were stored at −20°C until use.



2.5 Quantitative real-time polymerase chain reaction assay

The targeted oral bacteria and primer/probe set sequences used for quantitative real-time PCR are listed in Table 1. PCR amplification was performed in a reaction volume of 20 μL (Bioneer, Inc., Daejeon, Korea). PCR cycling was conducted using a CFX96™ real-time system (Bio-Rad Laboratories Inc., Hercules, CA, United States). Cycling conditions consisted of an initial denaturation step at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 30 s, primer annealing at 60°C for 40 s, and primer extension at 72°C for 30 s. After completing the cycling steps, a final extension step at 72°C for 5 min was performed. The normalized expression value for each species was calculated as the ratio of the relative copy number of the reference species. The qPCR performed with the primer-probe sets used in this study is shown in Table 1.



TABLE 1 Target oral bacteria and primer/probe sequences used for quantitative real-time PCR.
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2.6 Data management and statistical analysis

Data management and statistical analysis were conducted using MedCalc® Statistical Software, version 22.009.1 The independence of sample characteristics was analyzed using independent t-tests. The correlation of the number of bacteria, age, weight, bleeding on probing (BOP), and probing pocket depth (PPD) with the severity of the periodontal condition was evaluated using Kendall’s tau correlation coefficient. When measuring PPD, gingival enlargement was excluded, but gingival recession was included. However, measurements were recorded as ‘2/5’ to distinguish a 2 mm pocket from a 3 mm gingival recession to equal the attachment loss as 5 mm. The correlation between the number of bacteria and age, weight, BOP, and PPD was assessed using Pearson’s r correlation coefficient. Associations of each bacterium or combination of bacteria between reversible and irreversible groups were analyzed using logistic regression. The significance level was set at p < 0.05.




3 Results


3.1 Characteristics of dogs with gingival crevicular fluid sampling

Table 2 describes the characteristics of dogs. Compared to the irreversible group, the mean age was lower (reversible vs. irreversible group: 5.44 ± 2.80 vs. 8.39 ± 3.70), and conversely, the mean weight was higher in the reversible group (reversible vs. irreversible group: 8.78 ± 5.32 vs. 6.17 ± 3.73). There was no significant difference in sex between the two groups (51.0% males in the reversible group and 48.6% in the irreversible group).



TABLE 2 Demographic profiles of dogs that provided the gingival crevicular fluid (GCF) samples.
[image: Table2]



3.2 Prevalence of putative periodontal disease-related bacteria in dogs

Figure 2A shows the overall prevalence of putative periodontal disease-related bacteria in dogs. The overall prevalence of Aa was very low at 0.57%, and the prevalence of Ec was the highest at 90.42%; Fn, Pm, Cr, Ec, and P. gulae showed an overall prevalence rate of over 50%.

[image: Figure 2]

FIGURE 2
 Relative prevalence and mean number of bacteria. Overall prevalence of bacteria (A). Bars represent the number of detected bacterial species and their percentages (%). Overall mean number of bacteria (B). Bars show standard deviation. Log = logarithm. Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas gingivalis, Tf: Tannerella forsythia, Td: Treponema denticola, Fn: Fusobacterium nucleatum, Pn: Prevotella nigrescens, Pi: Prevotella intermedia, Pm: Parvimonas micra, En: Eubacterium nodatum, Cr: Campylobacter rectus, Ec: Eikenella corrodens, P.gulae: Porphyromonas gulae.




3.3 Comparison of bacterial prevalence between reversible and irreversible groups

Figure 3A compares bacterial prevalence among different groups. First, in the difference of prevalence between the reversible and irreversible groups, Pn shows the most overwhelming difference (55.68-fold) in the two groups, followed by Pi (10.38-fold), Td (9.56-fold), and En (6.52-fold). Aa, Pg, Ec, and P. gulae had a small difference of less than 2-fold, with Aa having the smallest difference in prevalence between the reversible and irreversible groups at 0.93-fold.

[image: Figure 3]

FIGURE 3
 Comparison of reversible and irreversible groups for bacterial prevalence and mean number. Comparison of reversible and irreversible groups for bacterial prevalence. Prevalence (A) and mean number (B) of pathogenic bacteria were compared between reversible and irreversible groups. The five stages of periodontal disease are as follows: healthy (PD0), gingivitis (PD1), early periodontitis; less than 25% of attachment loss (PD2), moderate periodontitis; 25–50% of attachment loss (PD3), and advanced periodontitis; more than 50% attachment loss (PD4). Reversible group: PD0, PD1; Irreversible group: PD2, PD3, and PD4. Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas gingivalis, Tf: Tannerella forsythia, Td: Treponema denticola, Fn: Fusobacterium nucleatum, Pn: Prevotella nigrescens, Pi: Prevotella intermedia, Pm: Parvimonas micra, En: Eubacterium nodatum, Cr: Campylobacter rectus, Ec: Eikenella corrodens, P.gulae: Porphyromonas gulae.




3.4 Mean number of putative periodontal disease-related bacteria in dogs

Except for Aa and Pn, the overall mean number of each of the 10 bacteria was over 100,000. Among them, P. gulae was the most abundant, with 9,144,012 ± 3,883,395, followed by Fn with 8,017,759 ± 2,058,234. Aa had the lowest overall mean number of bacteria (179 ± 131), significantly lower than the other three bacteria (Figure 2B).



3.5 Comparison of mean number of bacteria between reversible and irreversible groups

Td alone showed a significant variation when comparing each mean bacterial number between the reversible and irreversible groups. Td showed a 146.29-fold (p-value <0.001) increase in bacterial number in the irreversible group compared to the reversible group. Pn, Pi, Pm, En, and Cr increased by 10 times or more in the irreversible group compared to the reversible group, with the increase of bacterial number being 24.86 times, 19.09 times, 17.35 times, 13.29 times, and 11.83 times, respectively (p-value = 0.2108, <0.0001, <0.0001, <0.0001, and < 0.0001, respectively). Aa, Pg, Tf, Fn, Ec, and P. gulae showed increased counts in the irreversible group compared to the reversible group, but the increase was less than 4-fold (3.47 times, 1.99 times, 2.04 times, 3.10 times, 1.13 times, and 3.13 times, respectively; p-value = 0.3708, 0.0273, 0.0286, <0.0001, 0.2196, and 0.0231, respectively; Figure 3B).



3.6 Correlation of between severity of periodontal disease and age, weight, BOP, mean PPD, and number of 12 bacteria

Older age (p- value <0.0001/OR = 0.319) and lower body weight (p- value <0.0001/OR = −0.196) were significantly correlated with periodontal disease severity. Increased BOP (p- value <0.0001/OR = 0.444) and mean PPD (p- value <0.0001/OR = 0.786) were also significantly associated with periodontal disease severity in dogs. However, only Aa (p- value = 0.8586), among the 12 bacteria, did not correlate with the severity of periodontal disease in dogs (Table 3). Increased BOP and PPD showed a significant correlation with the severity of periodontal disease in dogs. Therefore, BOP and PPD were excluded from further analyses of the association with periodontal disease across a combination of age, weight, and number of bacteria.



TABLE 3 Correlation between severity of periodontal disease and age, weight, BOP, mean PPD, and number of 12 bacteria present.
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3.7 Correlation of Aa in all possible between-group comparisons

Statistical analyses performed in all possible between-group comparisons confirmed that Aa did not correlate with the and severity of periodontal disease in dogs (the data is not shown.). Therefore, Aa was excluded from subsequent analyses of the association between periodontal disease in a combination of age, weight, and number of bacteria.



3.8 Association of the combined coexistence of age, weight, and the number of bacteria between reversible and irreversible groups

The association of age, weight, and the number of 11 bacteria (except for Aa) was analyzed between the reversible group and each different comparison group in the combination (Table 4). In the comparison between the reversible and irreversible groups, Pn (p-value = 0.0617), En (p-value = 0.1107), and P. gulae (p- value = 0.8232) showed no statistically significant associations. However, Td (p-value = 0.0002/OR = 1.1221) and Fn (p-value <0.0001/OR = 1.1065) showed a relatively robust association. In the comparison between the reversible and PD2 groups, Pn (p-value = 0.2284), En (p-value = 0.2913), Cr (p- value = 0.0549), and P. gulae (p-value = 0.7823) showed no association, while Td (p- value = 0.0002 / OR = 1.1335) showed a robust association.



TABLE 4 Association of the combined coexistence of age, weight, and the number of bacteria between reversible and irreversible groups.
[image: Table4]

Pn (p- value = 0.0979), Pm (p- value = 0.1607), En (p- value = 0.3203), Ec (p- value = 0.2818), and P. gulae (p- value = 0.5929) showed no association between reversible and PD3 groups, while Tf (p- value <0.0001/OR = 1.1207), Td (p- value = 0.0021 / OR = 1.1201), Fn (p- value <0.0001/OR = 1.1252), and Pi (p- value = 0.0014/OR = 1.1298) showed robust associations.

In the comparison between reversible and PD4 groups, Td (p-value = 0.0004/OR = 1.1519), Fn (p- value <0.0001/OR = 1.1835), and Pn (p- value = 0.0389/OR = 1.2554) showed substantial associations, while Pm (p- value = 0.2721), En (p- value = 0.1621), Ec (p- value = 0.9642), and P. gulae (p- value = 0.9929) showed no association. Td and Fn showed a robust association in all comparison conditions. However, P. gulae was not associated with any comparison condition. Also, while all other factors were associated with an increase, weight and Pg were associated with a decrease (both OR were less than 1.0 in all comparison conditions).



3.9 Association of the combined coexistence of age, weight, and the number of bacteria between each PD group

Table 5 showed that Fn was associated in all comparisons between each PD group, except between PD3 and 4 groups; Td (p- value = 0.004/OR = 1.127) had the strongest statistical association in the comparison between PD1 and PD2 groups. The comparison between PD3 and PD4 groups revealed no statistically significant bacteria.



TABLE 5 Statistical significance of the association between the combined coexistence of age, weight, and the number of bacteria across each periodontal disease (PD) group.
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4 Discussion

Periodontal disease is one of the most common oral disorders, affecting up to 80% of adult dogs (10). All breeds of dogs are at risk for periodontal disease (13). Periodontitis, an irreversible periodontal disease, affects approximately 44–63.6% of dogs, with its prevalence and severity increasing with age and smaller body weight (2, 17). By 4 years, around 80% of dogs exhibit signs of periodontitis, escalating to 96% by the age of 12–14 (18). Furthermore, recent research has confirmed that extra-small breeds are five times more prone to periodontal disease compared to giant breeds in dogs, with poodles (miniature and toy) showing the highest statistically significant incidence of periodontal disease (15). Periodontitis is categorized into three grades based on the degree of attachment loss: early, moderate, and advanced periodontitis (16). Understanding the causes of periodontitis is crucial for predicting and preventing irreversible conditions.

In humans, extensive research on periodontitis-causing bacteria has focused on the dysbiosis of subgingival biofilms (8, 19–22). Studies have reported that bacterial species colonizing the periodontal pocket play different roles in disease pathogenesis (19, 23–25). Among the hundreds of bacterial species, only a few are involved in disease development and progression (24). Pg, a gram-negative anaerobic rod, disrupts the complement system and triggers complement-dependent inflammation, compromising host response. This disruption leads to dysbiosis, altering the composition of commensal microbiota and creating an environment conducive to the proliferation of dysbiotic bacteria, thereby accelerating periodontal disease progression. Pg has been identified as a keystone pathogen in human periodontitis (19). However, such specific hypotheses have not been proposed, nor have specific bacteria been identified to predict the severity of periodontal disease in dogs.

Recent studies have revealed that the canine oral microbiome is significantly different from the human oral microbiome, with bacteria absent or rare in human subgingival plaque detectable at notably high levels in the subgingival plaque of dogs (26–28). Dewhirst et al. identified 353 canine oral bacterial taxa from 51 dogs and analyzed their characteristics. They discovered that only 16.4% of the oral bacterial taxa were shared between dogs and humans, while 83.6% of the taxa found in dogs were novel (28). However, it would also be meaningful to investigate whether there are specific bacteria shared between humans and dogs that have a clear correlation and association with periodontal disease in dogs. Therefore, many studies have suggested that bacteria implicated in human periodontitis may also play a role in dogs. Despite the differences in the microbiome and environmental factors between dogs and humans, most human periodontitis-associated bacterial species are also suspected to be putative pathogens in dogs (7–11, 13, 29–31). Most studies were conducted using small sample sizes, although Kwon et al. analyzed a larger sample size to evaluate the prevalence, abundance, and association of 11 putative periodontopathic bacteria in dogs (11). However, their study needs validation in larger sample sizes. Moreover, because the periodontal status of only the target teeth was assessed and grouped, one cannot completely rule out the possibility that the overall oral environment affected the outcome. Therefore, the present study used a larger sample size (1,054 teeth) than previous studies (3.14-fold larger, Kwon’s paper (11)) and grouped the samples following strict criteria. Moreover, this study also analyzed P. gulae to confirm its correlation or association with periodontitis in companion animals, as shown in several studies (7, 12, 14, 32). The 12 bacterial species highlighted in this study were part of the 16.4% shared with humans (28).

Kwon et al. reported that Aa and Pg lacked reliable association with periodontal disease in dogs, as all nine bacterial species (except Aa and Pg) showed a significant correlation with periodontitis in comparisons between the reversible and irreversible groups and each PD group (11). In this study, which used a much larger sample size than previous studies, Pg showed statistical significance for periodontal disease in dogs, unlike Aa. The odds ratio for the other 10 bacteria indicated that an increase in the number of bacteria was associated with the appearance and severity of periodontal disease; however, Pg had an odds ratio of less than 1, suggesting an association between decreased Pg count and periodontal disease. The overall prevalence of Pg was low at 9.87%, with only a 1.12-fold difference in prevalence between the reversible and irreversible groups. This finding significantly differed from the results of Ozavci et al., who reported an 88% prevalence of Pg in 51 dogs with periodontal disease (33). This difference is likely due to the significantly varying sample sizes.

The bacterial prevalence patterns observed in the present study were remarkably similar to the previous study, which examined the overall prevalence of 11 bacteria, excluding P. gulae (11). The overall prevalence of Ec was the highest in both studies, at 90.42 and 86.90%, respectively. Moreover, the overall prevalence of P. gulae (newly included in this study) ranked second-highest at 76.85%. A comparison of the differences in prevalence between the reversible and irreversible groups revealed a similar pattern, except for Aa and Pn. Pn exhibited an almost 10-fold difference in prevalence in this study compared to the previous study. P. gulae was highly prevalent in both reversible and irreversible groups. Also, the difference in prevalence was only 1.30 times.

The overall bacterial count in both studies exhibited a similar pattern, with Aa having the lowest bacterial count in both cases, while P. gulae displayed the highest count (9,144,012) in this study. Comparing the difference in bacterial counts between the reversible and irreversible groups, Td showed the highest numerical difference in both studies, with a 146.29-fold increase in this study, significantly higher than the previous study (24.58-fold). Conversely, P. gulae had a 3.13-fold difference in bacterial abundance alongside Aa, Pg, Tf, Fn, and Ec in this study. Both studies also examined the differences in bacterial counts between the reversible group and each PD group; Td showed the highest difference in bacterial counts compared to each PD group in both studies. Specifically, in this study, Td exhibited differences of over 100-fold in each PD group.

In contrast to the previous study on the combinations of nine bacterial species, this study examined the association of the abundance of 11 combined pathogens (excluding Aa) between the reversible and irreversible groups, each PD group, and between PD groups. Previous research suggested that Td and Pi could be prognostic biomarkers for periodontitis in dogs (11). In addition to Td and Pi, the results of the present study underscored that Pg, Tf, Td, Fn, and Pi were statistically significant for association and correlation across all comparison conditions. These results strongly suggested that Tf, Td, Fn, and Pi had a robust association and correlation with the severity of periodontal disease in dogs, while Pg showed relatively weak significance.

Furthermore, this study examined the association between PD groups. Fn demonstrated strong significance between PD0 and PD1, PD1 and PD2, and PD2 and PD3, implying that Fn could be a meaningful biomarker for the severity of periodontal disease in dogs. Td showed a very strong association between PD1 and PD2, suggesting that Td could be a useful biomarker between reversible and irreversible clinical stages. However, none of these bacteria showed a statistical association between PD3 and PD4, probably because the disease had progressed significantly over a long period, leading to environmental changes, which may reduce the discriminatory power of the markers.

Several studies have reported the prevalence of P. gulae (rather than Pg) is periodontal disease in dogs. Previous research has suggested that P. gulae is uncommon in humans but frequently found in animals with periodontitis (29, 34). Some studies have even proposed a probable association between P. gulae and periodontal disease in dogs (12, 35). Our findings revealed a notably high overall prevalence of P. gulae in dogs, reaching 76.85%. This was similar to the findings of previous studies (36, 37). However, when comparing the reversible and irreversible groups, the prevalence difference was minimal, with only a 1.30-fold change. While statistical significance was observed for individual bacterial counts and their association with the severity of periodontal disease, the correlation and association of bacterial counts in the combination of 11 bacteria (excluding Aa) between the reversible and irreversible groups and each PD group did not exhibit statistical significance. Moreover, comparisons between each periodontal disease group did not yield significant results. Based on these findings, the present study suggests that P. gulae may not play an important role in the severity of periodontal disease in dogs unlike previous studies (12, 29, 31, 34–37).

Fn is a Gram-negative, anaerobic bacterium identified in subgingival plaque from dogs with and without periodontitis (30). The pathogenicity mechanisms of Fn are still unclear (32). However, the role of Fn with periodontal disease could be temporary between Gram-positive and Gram-negative bacteria, similar to a bridge between early bacterial colonizers and late bacterial colonizers in the human subgingival space (38, 39). Td is also a Gram-negative, anaerobic bacterium, with significantly higher counts in dogs with periodontitis than those without (11, 32). Td produces virulence factors, such as mobility and chemotactic factors, which allow the bacterium to rapidly colonize new sites, penetrate deep periodontal pockets, and penetrate epithelial layers (40, 41). Cell surface proteins cause dysregulation of host defense, thereby protecting the subgingival biofilm and causing host tissue destruction (30, 31). The role of these two bacteria in canine periodontal disease has not yet been determined. However, this study has shown that they could be useful in predicting the severity of periodontal disease, and further research on this topic is needed in the future.

This study suggests that Fn and Td could be robust biomarkers for periodontal disease in dogs under 20 kg. Fn is a more appropriate biomarker for gingivitis and periodontal disease, whereas Td is a more suitable biomarker for periodontitis (irreversible periodontal disease) in small dogs. A limitation of this study is that it focused on a limited set of target teeth, restricted the sample to medium-sized and smaller dogs, and did not analyze the correlation with breeds.



5 Conclusion

Of the 12 putative periodontopathic bacteria analyzed in this study, Aa was not significantly associated with periodontal disease in dogs, while the remaining 10 bacteria showed a significant association. Interestingly, P. gulae did not play a crucial role in the severity of periodontal disease; however, Fn and Td were important contributors to the periodontal disease. Therefore, Fn and Td could serve as robust biomarkers for the severity of periodontal disease in small dogs.
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