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RESUMO.- [Microbiota bacteriana subgengival associada à 
periodontite ovina.] Periodontite é a resposta inflamatória de 
um hospedeiro suscetível causada por complexa microbiota, 

composta predominantemente por bactérias anaeróbias 
Gram-negativas. Com o objetivo de caracterizar a microbiota 
bacteriana subgengival associada à periodontite ovina foi 
realizada a reação em cadeia da polimerase (PCR) de amostras 
de biofilme subgengival de 14 ovinos com a enfermidade 
e 14 ovinos periodontalmente saudáveis, com destaque 
para micro-organismos Gram-negativos e Gram-positivos 
considerados importantes periodontopatógenos. As bactérias 
mais prevalentes em 14 animais com lesões periodontais 
foram Tannerella forsythia (78,6%), Treponema denticola 
(78,6%), Fusobacterium nucleatum (64,3%) e Porphyromonas 
gingivalis (50%). Entretanto, nos 14 ovinos sem lesões 
periodontais, F. nucleatum (42,8%) foi a bactéria mais 
detectada. Associação estatisticamente diferente foi observada 
para Campylobacter rectus, Enterococcus faecium, Prevotella 
nigrescens, T. forsythia e T. denticola (p<0,05) nos ovinos 
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Periodontitis is an inflammatory response in a susceptible host caused by complex microbiota, 
predominantly composed of Gram-negative anaerobic bacteria. Aiming to characterize the 
subgingival bacterial microbiota associated with ovine periodontitis, polymerase chain 
reaction (PCR) was performed in subgingival periodontal pocket samples of 14 sheep with 
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com periodontite em comparação entre os dois grupos. 
Aggregatibacter actinomycetemcomitans, Enterococcus faecalis 
e Porphyromonas gulae não foram detectados em nenhuma 
das amostras pesquisadas. Conclui-se que C. rectus, E. faecium, 
P. nigrescens, T. forsythia e T. denticola estão associados às lesões 
resultantes da periodontite ovina com manifestação clínica 
grave e F. nucleatum o micro-organismo mais prevalente no 
biofilme subgengival de animais periodontalmente sadios.

TERMOS DE INDEXAÇÃO: Microbiota, bactéria, subgengival, 
periodontite, ovinos, doenças periodontais, micro-organismos 
anaeróbios, reação em cadeia da polimerase, bacterioses.

INTRODUCTION
Periodontium is the set of tissues that support and protect 
the teeth comprising the gingiva, periodontal ligament, 
root cementum, and alveolar bone proper. Periodontitis is a 
multifactorial infectious disease caused by complex microbiota 
that interacts with the tissues and cells of a susceptible host, 
causing the release of a broad array of inflammatory mediators 
that lead to destruction of the structures that surround and 
support the dental elements (Holt & Ebersole 2005, Feng & 
Weinberg 2006).

Among several periodontopathogens, bacteria of Socransky 
Red Complex, namely, Porphyromonas gingivalis, Tannerella 
forsythia and Treponema denticola, have been considered the 
main microorganisms causing periodontitis in humans and 
animals because of their virulence factors and strong association 
with the disease (Ashimoto et al. 1996, Mayanagi et al. 2004, 
Feng & Weinberg 2006). However, recent studies involving 
metagenomics and metatranscriptomics suggest that the 
development of periodontitis is associated with more diverse 
microbiota (Dewhirst et al. 2010, Griffen et al. 2012, Jorth et al. 
2014). Thus, the disease results from polymicrobial synergy 
and dysbiosis, which promote imbalance of the periodontal 
biofilm associated with homeostasis (Hajishengallis 2015). 
Dysbiosis is characterized by an imbalance in the relative 
abundance of species within a microbial community compared 
with its abundance in health, leading to a change in the 
host-microorganism ratio sufficient to trigger destructive 
inflammatory response (Hajishengallis 2014).

In animals raised extensively, high prevalence of periodontitis 
was described in calves in Brazil in the 1960s, initially associated 
with the rearing of cattle on newly formed pastures in former 
native forest and cerrado areas. At the time, it was considered 
the most important disease in cattle breeding, and limited 
livestock development in the Southeast and Center-West 
regions (Döbereiner et al. 1974, 2000). Outbreaks with high 
prevalence and severity also occurred in pastures replanted 
in previously endemic areas, which led to serious economic 
losses to the livestock sector (Dutra  et  al. 1993, 1999). 
In conventional microbiological analysis of lesions in bovine 
periodontitis using traditional methods of anaerobic culture, 
characterization and identification, it is possible to observe 
that approximately 80% of the microbiota of calves associated 
with periodontitis was composed of black pigmented colonizing 
bacteria when cultured in blood agar supplemented with hemin 
and vitamin K (Botteon et al. 1993, Dutra et al. 1999). With 
the use of molecular techniques such as polymerase chain 
reaction (PCR), which presents high sensitivity and specificity, 
several species of the genera Porphyromonas, Prevotella and 

Treponema (Borsanelli et al. 2015a, 2015b) were identified 
in bovine periodontitis, considered as potential pathogens 
in humans, dogs, cats, sheep, and goats.

Sheep present a clinical condition of periodontitis that may 
cause premature loss of incisor teeth (Spence et al. 1988). 
Studies have reported that, in this animal species, the oral 
microbiota of periodontitis is compatible with that found in 
human periodontitis (Frisken et al. 1989, Ismaiel et al. 1989, 
McCourtie et al. 1989, 1990, Duncan et al. 2003). Riggio et al. 
(2013) evaluated the presence of specific bacterial species in 
sheep samples with and without periodontitis and emphasized 
that there were clear differences in the composition of the 
microbiota between ill and healthy animals. Specimens of 
two genera of periodontopathogens, Porphyromonas and 
Prevotella, belonging to the Socransky Red and Orange 
Complexes, showed close association with lesions of ovine 
periodontitis (Borsanelli et al. 2017). Likewise, some species 
of spirochetes of genus Treponema have also been identified 
in sheep with periodontitis (Borsanelli et al. 2016).

The use of traditional culture methods for detection of 
oral microorganisms presents operational difficulties, from 
limitations of biochemical and physiological methods in the 
precise identification of pathogens to challenges in maintaining 
the nutritional requirements and oxygen sensitivity of isolates, 
interfering with the performance of field studies (Ashimoto et al. 
1996). In addition, it is estimated that only 3% of bacteria can 
be cultured in vitro; 97% of bacteria cannot be cultured (Davis 
2016). In this sense, detection through amplification of the 
target DNA by PCR is adequate, because it is a highly sensitive 
and specific technique that enables direct identification of 
bacteria in biological samples and detection of uncultured 
microorganisms or of those that are difficult to characterize. 
Therefore, molecular methods can be used in the detection 
and evaluation of possible associations between specific 
microorganisms and periodontitis (Ashimoto et al. 1996).

Silva et al. (2016) reported an outbreak of periodontitis in 
a sheep herd in the state of Pará, Brazil, with high prevalence 
and severe clinical signs of periodontitis, weight loss, death, 
and epidemiological conditions similar to those occurring in 
episodes of bovine periodontitis. Therefore, the objective of 
the present study was to identify, through PCR, the presence 
of specific periodontopathogens in samples of periodontal 
pocket in animals with periodontitis and of subgingival sulcus 
biofilm in periodontally healthy sheep.

MATERIALS AND METHODS
Clinical characterization of periodontitis and sample 

collection. The study sample was composed of Santa Inês, Dorper 
and Texel sheep and their crossbreeds aged 5 months to 5 years. Their 
clinical status was established after extra‑and intra-oral examination 
including periodontal evaluation, verification of attachment loss, 
tooth mobility, and purulent exudate in the maxillary or mandibular 
premolar and molar teeth.

Animals were raised under confinement and semi‑confinement 
systems. They were fed Panicum maximum cv. Massai and elephant 
grass (Pennisetum purpureum) and received mineral mixture and 
brewery waste supplemented with sodium chloride solution ad libitum.

Samples of purulent exudate of the periodontal pocket of 14 sheep 
with severe clinical signs of periodontitis were obtained during an 
outbreak of the disease, reported by Silva et al. (2016), in a property 
located in the municipality of Benevides, state of Pará, Brazil. Samples 
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were collected only from periodontal pockets with depth greater 
than 5mm using sterile swabs, transferred to cryotubes containing 
ultrapure water, and stored in liquid nitrogen until processing.

Sampling of subgingival sulcus biofilm from periodontally 
healthy animals was performed in a different herd. The periodontal 
clinical condition of the animals was classified as healthy when the 
surrounding gingiva was firm, without bleeding at probing, and 
when gingival sulcus depth did not exceed 4mm. Thus, samples 
of the subgingival biofilm were collected from 14 Sulfolk sheep 
considered periodontally healthy by the paper cone test according to 
the procedures described by Gaetti-Jardim et al. (2012). The sheep 
were raised under an extensive grazing system on Panicum maximum 
cv. Massai pasture. After the outbreak, this stage of the study was 
approved by the Ethics Committee on Animal Experimentation 
(FOA process no. 2015-00280). The paper cones were transferred 
to cryotubes containing 1ml sterile ultrapure water and stored at 
-80°C until DNA extraction.

Bacterial identification by polymerase chain reaction (PCR). 
DNA extraction was performed in the material collected from the 
periodontal pocket and subgingival sulcus biofilm using a commercial 
kit (GenElute Mammalian Genomic DNA Miniprep Kit, Sigma). 
The search of Aggregatibacter actinomycetemcomitans, Campylobacter 
rectus, Eikenella corrodens, Enterococcus faecalis, Enterococcus 
faecium, Fusobacterium nucleatum, Porphyromonas gingivalis, 
Porphyromonas gulae, Prevotella intermedia, Prevotella nisgrescens, 
Tannerella forsythia and Treponema denticola was conducted with 
the use of specific primers (Ashimoto et al. 1996, Gaetti-Jardim et al. 
2010, Kato et al. 2011) (Table 1). The specificity of these primers 
has been demonstrated in the aforementioned literature and can 
be evaluated at the National Center for Biotechnology Information 
(NCBI) databases.

Target DNA PCR amplification was performed in 25μL volumes 
containing 1X PCR/Mg+2 buffer (Boehring Mannheim, Indianapolis/IN, 

USA), 0.2μl of each dNTP (Pharmacia Biotech, Piscataway/NJ, USA), 
0.5U Taq DNA polymerase (Invitrogen do Brasil, São Paulo/SP, Brazil), 
0.4μL of each primer pair (Invitrogen), and 10ng model. Amplification 
was performed in thermocycler (Perkin Elmer, GeneAmp PCR System 
9700, Norwalk/CT, USA) programmed at 94°C (5min), 30 to 40 cycles 
at 94°C (30 to 60s, according to the primers used), specific annealing 
temperature for each pair of primers, 72°C (30 to 60s), followed by 
a final extension step of 5min at 72°C. PCR amplification products 
were analyzed by 1% agarose gel electrophoresis performed in TBE 
buffer (1M Tris, 0.9M boric acid, 0.01M EDTA, pH 8.4), stained with 
ethidium bromide (0.5mg/mL), and visualized under ultraviolet 
light (UV Light Transilluminator - Eastman Kodak Co., NY, USA).

As control of the detection procedures, DNA samples from standard 
strains of the studied microorganisms and clinical samples positive 
for the target microorganisms were used (Gaetti-Jardim et al. 2010, 
2012); ultrapure water was used as negative control.

Statistical analysis. Data were processed and analyzed using 
the SPSS software. Associations between the groups of animals with 
and without periodontitis and the bacterial species were verified by 
the Student’s t-test and the Spearman’s correlation test. Statistical 
tests underwent the Bonferroni correction with p value adjusted 
from 0.05 to 0.000003 because 10 microbial species were detected.

RESULTS
The most prevalent microorganisms in the 14 sheep with severe 
periodontitis were Tannerella forsythia (78.6%), Treponema 
denticola (78.6%), Fusobacterium nucleatum (64.3%) and 
Porphyromonas gingivalis (50%), whereas in the gingival 
sulcus of the 14 periodontally healthy sheep, F. nucleatum 
(42.8%) was the most often detected microorganism. 
Aggregatibacter actinomycetemcomitans, Enterococcus faecalis, 
and Porphyromonas gulae were not detected in any of the 
samples analyzed (Table 2).

Table 1. Primers used in the polymerase chain reaction (PCR) to identify the bacteria of Socransky Red Complex and other 
microorganisms present in the subgingival microbiota of sheep with periodontitis

Species Primers (5’-3’) Annealing temperature Amplicon (bp)
Aggregatibacter actinomycetemcomitans AAA-CCC-ATC-TCT-GAG-TTC-TTC-TTC

ATG-CCA-ACT-TGA-AGT-TAA-AT
55 557

Campylobacter rectus TTT-CGG-AGC-GTA-AAC-TCC-TTTT-C
TTT-CTG-CAA-GCA-GAC-ACT-CTT

60 598

Eikenella corrodens CTA-ATA-CCG-CAT-ACG-TCC-TAA-G
CTA-CTA-AGC-AAT-CAA-GTT-GCC-C

60 688

Fusobacterium nucleatum ATT-GTG-GCT-AAA-AAT-TAT-AGT-T
ACC-CTC-ACT-TTG-AGG-ATT-ATA-G

40 1010

Porphyromonas gingivalis AGG-CAG-CTT-GCC-ATA-CTG-CG
CTG-TTA-GCA-ACT-ACC-GAT-GT

60 404

Porphyromonas gulae TTG-CTT-GGT-TGC-ATG-ATC-GGG-CT
TAT-TCT-TAC-GGT-ACA-TTC-ACA

60 314

Prevotella intermedia CGT-GGA-CCA-AAG-ATT-CAT-CGG-T
CTT-TAC-TCC-CCA-ACA-AAA-GCA

55 575

Prevotella nigrescens ATG-AAA-CAA-AGG-TTT-TCC-GGT-AAG
CCC-ACG-TCT-CTG-TGG-GCT-GCG-A

55 804

Tannerella forsythia GCG-TAT-GTA-ACC-TGC-CCG-CA
TGC-TTC-AGT-GTC-AGT-TAT-ACC-T

60 641

Treponema denticola TAA-TAC-CGA-ATG-TGC-TCA-TTT-ACA-T
TCA-AAG-AAG-CAT-TCC-CTC-TTC-TTC-TTA

60 316

Enterococcus faecalis ATC-AAG-TAC-AGT-TAG-TCT
ACG-ATT-CAA-AGC-TAA-CTG

45 941

Enterococcus faecium TTG-AGG-CAG-ACC-AGA-TTG-ACG
TAT-GAC-AGC-GAC-TCC-GAT-TCC

65 658
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Statistical analysis showed positive correlation between 
Campylobacter rectus, Enterococcus faecium, Prevotella 
nigrescens, Tannerella forsythia, and Treponema denticola 
and ovine periodontitis (Table 2).

DISCUSSION
Dental changes are considered one of the main reasons for 
the early slaughter of sheep, within their normal breeding 
period, thus increasing the costs of animal replacement (West 
2002). In this context, periodontal disease and excessive 
tooth wear are the main disturbances affecting the tooth 
supporting structures and teeth of sheep (West & Spence 
2000). In Brazil, ovine periodontitis has been diagnosed in 
the North (Silva et al. 2016) and Southeast (Borsanelli et al. 
2016, 2017, Agostinho 2017) regions. In the studied herds, 
this disease was responsible for serious economic losses due 
to animal weight loss and death (Silva et al. 2016).

Periodontal infection in sheep resulted from an acute 
process, with severe gingival retraction, attachment loss of 
the premolar and molar teeth, purulent exudate, bulging 
of the mandible or maxilla, teeth loss, defects in occlusion, 
difficulty in rumination, emaciation, and eventual death of 
animals, clinically characterizing a severe condition (Silva et al. 
2016). Despite the growing evidence of primary infectious 
etiology in periodontal diseases in human medicine and in 
some animal species, few studies have highlighted the role 
of specific subgingival microbiota in periodontal disease in 
ruminants. In the present study, it was possible to associate 
the occurrence of Tannerella forsythia, Treponema denticola, 
Prevotella nigrescens, Enterococcus faecium, and Campylobacter 
rectus with ovine periodontitis.

In ruminants, Tannerella forsythia has been identified in 
sheep (McCourtie et al. 1989, Duncan et al. 2003, Agostinho 
2017), cattle (Borsanelli 2017), and goats (Campello 2017) 
with periodontitis. This microorganism has been frequently 
detected in human patients with periodontitis (Cortelli et al. 
2005, Foschi et al. 2005, Feng & Weinberg 2006, Yoo et al. 
2007, Gaetti-Jardim et al. 2010, Benrachadi et al. 2012) and, 
initially, it was believed to be a relatively uncommon species 
found in the subgingival sulcus biofilm. Presently, it is known 

that its levels are strongly associated with increased depth 
of the periodontal pocket. This species is observed in larger 
number, proportion and prevalence in individuals with 
periodontitis than in healthy individuals. In this context, this 
bacterium can also be detected in a larger number of sites 
with destructive periodontal disease than in healthy sites. 
In addition, it was detected in larger numbers in progressive 
active periodontal lesions compared with inactive lesions 
(Socransky & Haffajee 2010).

Inclusion of Treponema denticola in the group of 
microorganisms studied was also based on the evidence that 
spirochetes play an important role in the etiology of human 
and animal periodontitis. Among its peculiarities, there is 
a high number of sites with increased pocket depth and 
location at the margin of periodontal lesions, which facilitates 
its adherence to epithelial cells and the invasion of adjacent 
tissues that should be highlited. Healthy sites show few or 
none spirochetes and sites with gingival inflammation but 
without attachment loss, exhibit low to moderate indexes, 
whereas deep periodontal pockets harbor a large number 
of these bacteria (Socransky & Haffajee 2010). T. denticola is 
considered one of the major periodontopathogens in humans 
(Mayanagi et al. 2004, Foschi et al. 2005, Feng & Weinberg 
2006, Gaetti-Jardim et al. 2010, Benrachadi et al. 2012), and 
it has also been identified in periodontal lesions in bovines, 
sheep and goats (Borsanelli et al. 2015a, 2016, Agostinho 
2017, Borsanelli 2017, Campello 2017).

Prevotella nigrescens and Prevotella intermedia cannot be 
distinguished by conventional culture methods (Ashimoto et al. 
1996). In the present study, it was possible to verify the presence 
of both species in the periodontal lesions of sheep, but only 
P. nigrescens showed significant association with the disease. 
P. nigrescens has been identified in bovines and sheep with 
periodontitis (Borsanelli et al. 2015a, 2017), and is frequently 
detected in the subgingival sulcus biofilm of healthy human 
patients with periodontitis (Mayanagi et al. 2004).

In human periodontitis, Campylobacter rectus is present 
in larger numbers in diseased sites (Doğan et al. 2003) with 
active periodontal destruction (Rams  et  al. 1993) and in 
individuals with severe periodontitis (Gajardo et al. 2005). 
In livestock, C. rectus has been identified in sheep, goats and 

Table 2. Periodontal pathogens detected in the periodontal pocket of sheep with periodontitis (n=14) and in the subgingival 
sulcus biofilm of periodontally healthy animals (n=14) by PCR

Species Periodontal pocket
n (%)

Subgingival sulcus biofilm
n (%) p

Aggregatibacter actinomycetemcomitans 0 (0.0) 0 (0.0)
Campylobacter rectus 6 (42.9) 0 (0.0) 0.0043*
Eikenella corrodens 4 (28.6) 1 (7.1) 0.1493
Enterococcus faecalis 0 (0.0) 0 (0.0)
Enterococcus faecium 6 (42.9) 0 (0.0) 0.0043*
Fusobacterium nucleatum 9 (64.3) 6 (42.9) 0.2722
Porphyromonas gingivalis 7 (50.0) 3 (21.4) 0.1233
Porphyromonas gulae 0 (0.0) 0 (0.0)
Prevotella intermedia 3 (21.4) 0 (0.0) 0.0709
Prevotella loescheii 1 (7.1) 0 (0.0) 0.3265
Prevotella nigrescens 6 (42.9) 0 (0.0) 0.0043*
Tannerella forsythia 11 (78.6) 0 (0.0) 0.0000*
Treponema denticola 11 (78.6) 0 (0.0) 0.0000*
* Values are statistically significant when p<0.05 by the Student’s t-test.
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cattle with periodontitis (Agostinho 2017, Borsanelli 2017, 
Campello 2017). This microorganism has also been identified 
in dogs with periodontitis (Nishiyama et al. 2007, Hirai et al. 
2013) and in robust capuchin monkeys with gingivitis and 
periodontitis (Gaetti-Jardim et al. 2012).

In humans, detection of enteric bacteria in periodontal 
pockets seems to be inversely proportional to the presence 
of anaerobic periodontopathogens (Botero  et  al. 2007); 
however, the opposite was observed in the present study, 
and Enterococcus faecium showed association with ovine 
periodontal lesions.

Considering the limited number of primers used in the 
present study, other microorganisms were surely present 
in the subgingival microbiota of sheep with periodontitis. 
However, the presence of periodontally pathogenic species, 
such as Tannerella forsythia, Treponema denticola and Prevotella 
nigrescens, brings important elements to elucidate the 
polymicrobial and multifactorial etiology of ovine periodontitis 
and understand the consequences of this infectious process.

Direct examination of material from the periodontal lesions 
of the sheep through PCR, with its recognized sensitivity and 
specificity, enabled detection of microorganisms of complex 
culture, such as T. denticola, and avoided the use of laborious and 
not always successful steps in the isolation of non-sporulated 
anaerobic microorganisms (Socransky & Haffajee 2010). 
In the same context, it was possible to observe absence of 
Enterococcus faecalis in ovine microbiota, as well as absence 
of two of the most important human periodontopathogens, 
Aggregatibacter actinomycetemcomitans and Porphyromonas 
gulae, associated with periodontitis in dogs (Dahlén et al. 2012).

The taxonomic changes that have occurred in several 
periodontopathogens and the current methods for detecting 
bacteria in the subgingival microbiota hinder the accurate 
establishment of parallels between the findings of the present 
study and the species isolated from the periodontal pocket 
in calves with “cara inchada” (Blobel et al. 1984, Dutra et al. 
1986, Botteon et al. 1993). Although a preliminary comparative 
analysis of ovine periodontitis can establish points in common 
with microbiological studies, the clinical-pathological and 
epidemiological situation of this outbreak of periodontitis 
in sheep in addition to the presence of periodontopathogens 
resemble that occurred in bovine periodontitis (Dutra et al. 
1999, Döbereiner et al. 2000). It should be emphasized that 
the present study describes the occurrence of microorganisms 
with periodontal pathogenic potential, using a qualitative 
molecular technique that met the purposes of the study and 
added objective complementary information on the possible 
causes of ovine periodontitis. Thus, this is an important step 
in elucidating the causal factors associated with the disease, 
which, as a multifactorial, infectious, polymicrobial disease 
associated with complex dental biofilm, should fill the 
Socransky’s postulate, and not the classic Koch’s postulates.

CONCLUSIONS
Campylobacter rectus, Enterococcus faecium, Prevotella 

nigrescens, Tannerella forsythia and Treponema denticola are 
associated with lesions resulting from ovine periodontitis 
with severe clinical manifestation.

Fusobacterium nucleatum was the most prevalent 
microorganism in the subgingival sulcus biofilm of periodontally 
healthy sheep.
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