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Abstract

Obijective: Treponema denticola “T. denticola” is a pathogen associated with periodontal diseases that exhibits
capacity for adherence, invasion, and colonization of host tissues, which allows alternating its location and damage in
different sites of human body. This review aimed to discuss different studies that detected T. denticola in
atherosclerotic plaques, demonstrating the importance of periodontal disease on the systemic health and the necessity
of exploring the outcome of this colonization apart from the oral cavity. Methodology: Fifty-five studies were
identified and gathered in this review according to the following topics: Periodontal disease, atherosclerosis and T.
denticola. In vitro and in vivo studies published between 2002 and 2020 were searched on PubMed, raising relevant
insights about the role of T. denticola and its association with the systemic disease, atherosclerosis, focusing on the
bacterial tissue invasion and development of atherosclerosis. Results: After bibliographic review, it was possible to
identify studies demonstrating the presence of T. denticola and other oral pathogens in cardiac or vascular tissues and
in blood serum, as well, there is research in which other evidence of a relationship with atherosclerosis is shown.
Conclusion: The invasion of periodontal pathogens and its toxins associated to the host’s immune and inflammatory
response may contribute to the development of atherosclerosis.

Keywords: Treponema denticola; Periodontal diseases; Atherosclerosis.

Resumo

Objetivo: Treponema denticola “T. denticola” é um patdgeno associado a doencas periodontais que apresenta
capacidade de aderéncia, invasdo e colonizagdo dos tecidos do hospedeiro, 0 que permite alternar sua localizagao e
danos em diferentes locais do corpo humano. Esta revisao tem por objetivo discutir diferentes estudos que detectaram
T. denticola em placas ateroscleréticas, demonstrando a importancia da doenca periodontal na sadde sistémica e a
necessidade de explorar o desfecho dessa colonizacgdo além da cavidade oral. Metodologia: Cinquenta e cinco estudos
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foram identificados e agregados nesta revisdo de acordo com os seguintes topicos: Doenga periodontal, aterosclerose e
T. denticola. Estudos in vitro e in vivo publicados entre 2002 e 2020 foram pesquisados no PubMed, levantando
insights relevantes sobre o papel do T. denticola e sua associacdo com a doenca sistémica, aterosclerose, focando na
invasdo bacteriana do tecido e o desenvolvimento da aterosclerose. Resultados: Apds revisdo bibliografica, foi
possivel identificar estudos que demonstram a presenca de T. denticola e outros patégenos orais em tecidos cardiacos
ou vasculares e no soro sanguineo, bem como, ha pesquisas em que sdo apresentadas outras evidéncias de relagdo com
a aterosclerose. Conclusdo: A invasdo de patégenos periodontais e suas toxinas associadas a resposta imune e
inflamatéria do hospedeiro podem contribuir para o desenvolvimento da aterosclerose.

Palavras-chave: Treponema denticola; Doencas periodontais; Aterosclerose.

Resumen

Objetivo: Treponema denticola “T. denticola” es un patégeno asociado a las enfermedades periodontales que tiene la
capacidad de adherencia, invasion y colonizacién de los tejidos del huésped, lo que permite alternar su ubicacién y
dafio en distintas localizaciones del cuerpo humano. Esta revision tiene como objetivo discutir diferentes estudios que
detectaron T. denticola en placas ateroscleroticas, demostrando la importancia de la enfermedad periodontal en la
salud sistémica y la necesidad de explorar el resultado de esta colonizacion mas alla de la cavidad oral. Metodologia:
Se identificaron y agregaron cincuenta y cinco estudios en esta revision de acuerdo con los siguientes temas:
Enfermedad periodontal, aterosclerosis y T. denticola. Los estudios in vitro e in vivo publicados entre 2002 y 2020 se
investigaron en PubMed, lo que gener6 conocimientos relevantes sobre el papel de T. denticola y su asociacion con
enfermedades sistémicas, aterosclerosis, centrandose en la invasién de tejido bacteriano y el desarrollo de
aterosclerosis. Resultados: Luego de una revision bibliografica, fue posible identificar estudios que demuestran la
presencia de T. denticola y otros patdgenos orales en tejidos cardiacos o vasculares y en suero sanguineo, asi como,
hay investigaciones en las que se presentan otras evidencias de relacion con la aterosclerosis. Conclusion: La invasion
de patoégenos periodontales y sus toxinas asociadas con la respuesta inmunitaria e inflamatoria del huésped puede
contribuir al desarrollo de la aterosclerosis.

Palabras clave: Treponema denticola; Enfermedades periodontales; Aterosclerosis.

1. Introduction

Atherosclerosis, a cardiovascular disease, is one of the most common cause of death in the world alerting the need to
control it (Spacek, Zemanek, Hutyra, Sluka, & Taborsky, 2018). Some modern techniques were suggested to treat this kind of
disease enabling to extend life expectancy of patients. However, in some cases, invasive surgery is needed (Libby et al., 2019).

Atherosclerosis is an inflammatory chronic disease capable of triggering other conditions with high mortality rate
(Kobiyama & Ley, 2018). It causes arteries blockage or occlusion due to the atheromatous plaque formation. Furthermore, it
may result in myocardial infarction due to the formation of a thrombus or blood clot (Gistera & Hansson, 2017; Spacek et al.,
2018).

Smoking, hypertension, diabetes mellitus, hyperlipidemia, male sex and advanced age are considered as risk factors
for atherosclerosis (Herrington et al., 2016; Libby et al., 2019; Toyofuku et al., 2011). As well, recent studies suggested the
periodontal disease as a risk factor to cardiovascular diseases because of the endothelial damage caused by the periodontal
pathogens toxins (D. M. Herrington et al., 2018; Mahendra, Mahendra, Kurian, Jaishankar, & Mythilli, 2009; Raffaelli et al.,
2010). This damage associated to the host response (immunologic and inflammatory) contribute to the development of these
conditions (Bui et al., 2019).

Periodontal diseases are caused by bacterial growth and accumulation because of poor oral hygiene and result in
periodontium (gingiva, alveolar bone, periodontal ligament, and cementum) inflammation, and in more advanced stages, may
lead to the destruction of the supporting structures of the teeth (Aquino, Lima, Paiva, Ré¢as, & Siqueira, 2011; Deinzer et al.,
2005; Dentino, Lee, Mailhot, & Hefti, 2013; Gangula et al., 2015; Mahendra et al., 2009; Rivera et al., 2013; Verma et al.,
2010). Periodontal diseases affect about 5 to 20% of the global population and are among the most common chronic infections
(Deinzer et al., 2005; Gangula et al., 2015; Genco & Borgnakke, 2013; Heidari, Moudi, & Mahmoudzadeh-Sagheb, 2019;
Maixner et al., 2014; Torrungruang, Jitpakdeebordin, Charatkulangkun, & Gleebbua, 2015; Velsko et al., 2015; Verma et al.,
2010).
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The red-complex, Treponema denticola “T. denticola”, Porphyromonas gingivalis “P. gingivalis” and Tanerella
forsythia “T. forsythia”, are considered as subgingival plague colonizers and the most virulent periodontal pathogens (Kokubu,
Inoue, & Ishihara, 2018; Mohanty et al., 2019; Nagao & Tanigawa, 2019). T. denticola is a Gram-negative anaerobic
spirochete that shows ordinarily four periplasmic flagella, which facilitate its motility even in a viscous environment (Abiko,
Nagano, Yoshida, & Yoshimura, 2014; Dahlen & Preus, 2017; Mohanty et al., 2019; Nagano, Hasegawa, Yoshida, &
Yoshimura, 2017). This motility may be involved with biofilm formation of P. gingivalis that is considered the major pathogen
of periodontitis (Ng et al., 2019; Radhakrishnan et al., 2019). T. denticola is one of the most resistant bacteria frequently
identified in primary dentition infection, while in adults is frequently isolated from periodontal pockets and it initiates
dysregulation of inflammation and tissue homeostasis, thus, it is highly associated with periodontal diseases. Nevertheless, its
pathogenic roles still need to be better established (Kaushik et al., 2015; Loyola-Rodriguez et al., 2014; Miao et al., 2014; Mo
et al., 2013; Mohanty et al., 2019).

2. Methodology

In this literature review, fifty-five studies were identified and gathered according to the following topics: Periodontal
disease, atherosclerosis and T. denticola. In vitro and in vivo studies published between 2002 and 2020 were searched on
PubMed, raising relevant insights about the role of T. denticola and its association with the systemic disease, atherosclerosis,

focusing on the bacterial tissue invasion and development of atherosclerosis.

3. Results and Discussion
3.1 Virulence factors and tissue penetration of T. denticola

Virulence factors may vary among the different species or strains according to bacterial cell composition, structural
proteins, toxins, and other molecules released into the host tissues. Usually, the motility is not classified as a bacterial virulence
factor, however, considering T. denticola and its role in disease progress, this characteristic is essential for its pathogenicity
(Dashper, Seers, Tan, & Reynolds, 2011; Ng et al., 2019). In this context, Nagano et al., (2017) studied the rotation rate of four
T. denticola strains (ATCC 35404, ATCC 35405, ATCC 33520 and ATCC 33521) by phase-contrast microscopy and slow
motion reproduced films; the motility by measuring the turbidity of soft agar medium plaques; and transmission electron
microscopy (TEM) to observe the cells. The results showed divergences between the tested strains, ATCC35404 showed the
greatest motility, followed by ATCC33521. Conversely, ATCC35405 and ATCC33520 strains showed low motility. For
diffusivity, ATCC35404 strain had the largest turbid plaques, followed by ATCC33521. Observation with TEM showed that
protruding extracellular flagellar filaments were frequent in strains ATCC35405 and ATCC33520, conversely, they were
occasionally detected in ATCC33521 and not found at all in ATCC35404.

In order to investigate the influence of T. denticola motility on synergism with P. gingivalis, two mutant strains that
did not show motility were produced. The first strain lacked the gene in charge of producing the protein for the periplasmic
flagellum (AflgE) formation and the second strain was absent from the component that triggers the movement of the flagellum
(AmotB) and compared its results with a non-mutant wild-type strain. The results showed that the coaggregation between T.
denticola AmotB and P. gingivalis was not affected by the lack of the gene. However, the coaggregation between T. denticola
AflgE and P. gingivalis was smaller and slower when compared to non-mutant strains. Still, in the formation of monospecies
biofilm, both mutant strains formed a biofilm with significantly smaller biomass than the wild type strain. In the biofilm
formation between T. denticola and P. gingivalis, T. denticola AfIgE showed a 5x reduction in biomass when compared to a

non-mutant strain. While T. denticola AmotB showed a biomass twice smaller when compared to a wild strain. Thus, the
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flagella and its motility play an important role in synergism with other species (Ng et al., 2019).

Furthermore, Ruby et al., (2018) compared the strain ATCC 35405 of T. denticola with the isogenic mutant strain
HL51 which does not present flagella. The results showed that the presence of flagella in T. denticola has a great influence on
the inflammatory response by stimulating the production of TNF-a, IL-1p, IL-6, IL-10 and IL-12 by in peripheral human blood
mononuclear cells, while the mutant strain HL51 showed a significant reduction in the ability to activate the release of these
cytokines.

Some pathogens can cause inflammatory cell death and release of molecules of endogenous danger in infected cells,
which can contribute to the pathogenesis and progression of the disease by increasing immune and inflammatory responses
(Jun, Jung, & Choi, 2017). The same study investigated the ability of periodontal pathogens T. denticola, P. gingivalis, and T.
forsythia to induce these phenomena in macrophages derived from the monocyte THP-1 lineage by different methods and tests
including the Western blotting; the lactate dehydrogenase LDH assay using LDH Cytotoxicity assay kit; the extracellular ATP
(adenosine triphosphate) concentrations; the extracellular uric acid concentrations; and staining by annexin V (AV) and
propidium iodide (PI). The authors concluded that pathogens are capable of activating inflammatory caspases that can induce
cell death from pyroptosis. T. denticola stood out with a greater increase in cell lysis compared to the others and, like T.
forsythia, it also seemed to induce apoptosis and release of HSP60 protein and fibronectin. Pathogens also significantly
increased extracellular ATP (which induces caspase-1 activation), thus indicating an increase in endogenous danger signs.

One of its most studied proteins, dentilisin, works as a porin and has the capacity to bind to a variety of host proteins
favoring the virulence of bacteria. By interrupting or modulating the host's intercellular signaling pathways and degrading host
cell-matrix proteins, dentilisin contributes to the progression of the disease. It is involved in nutrient uptake, coaggregation,
activation of the complement system, escape strategy of the host immune response, protein degradation and cell invasion
(Dashper et al., 2011; Kikuchi & Ishihara, 2021). It is already considered that the variation in activity between strains may
have epidemiological value and can influence the disease, therefore, higher levels of dentilisin activity characterizes a more
virulent strain (Miller et al., 2014). Inagaki et al., (2016) compared four strains of T. denticola with and without dentilisin, and
founded that strains with dentilisin have a greater capacity to invade the human gingival epithelial cells.

In addition to its important role in nutrient uptake, dentilisin is also essential for tissue invasion and cleavage of
proteins released by the immune response (Fenno, 2012). Marttila et al., (2014) analyzed its location in ex vivo chronic
periodontitis tissues. Through PCR (Polymerase Chain Reaction) and immunohistochemical analysis with visualization under a
light microscope it was observed that 12 of the 25 samples showed T. denticola in the PCR and dentilisin was detected in all of
these samples, as well as in three patients with negative result in PCR (Marttila et al., 2014). In the same study, Dentilisin was
found in the connective tissue in 2 of the 12 samples, in the epithelium in 7 samples, and in both the connective tissue and
epithelium in the other three samples. It was found irregular, loose and mainly intracellular in the epithelium in depth bands
indicating the ability of tissue invasion by the pathogen.

It is already established that dentilisin and Msp protein play an important role in the development of periodontal
disease (Fenno, 2012). Inagaki et al., (2016) investigated the role of these proteins in the cellular invasion ability of T.
denticola using the strains ATCC 35405, mutant deficient in Msp (DMSP3) and mutant deficient in dentilisin (K1), through
standard antibiotic protection assay, it was observed that the invasion of T. denticola ATCC 35405 was 3%, DMSP3 was
2.36% and K1 was 1.31%, indicating the importance of these proteins in the pathogen invasion. Since cell invasion can delay
wound healing, the authors also studied cell migration: immortalized human gingival epithelial cells (HGEC) were scratched
with plastic and incubated with each strain to determine healing in vitro. It was observed that cell migration was lower with the

infection of ATCC 35405 compared to cells uninfected or infected with mutant deficient in Msp or dentilisin, indicating
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interferences of these proteins especially of detilisin in the healing process.

To demonstrate that periodontal bacteria invade gingival tissue, Velsko et al., (2015) employed fluorescent
hybridization in situ, where numerous specimens of T. denticola were detected in gingival connective tissue of infected mice
and deficient in 6 integrin (predisposing to increased periodontal inflammation), while P. gingivalis was detected in its
epithelial tissue. Kikuchi et al., (2018) studied induced infection by T. denticola, ATCC 35405 and mutant without dentilisin
(K1) strains in Madin-Darby canine kidney cells (MDCK) to investigate the role of the bacteria under the junction of the
epithelial barrier. The results suggested that T. denticola is capable of invading even deeper cells through the degradation of
epithelial junction proteins, ZO-1 (Zonula occludens protein) and claudin-1. This invasion capacity, even in deeper tissues has
an important impact on the development and progression of periodontal disease and supports the hypothesis of systemic spread
of this bacterium (Chu et al., 2020).

As explained above, dozens of virulence determinants were identified in T. denticola, (Dashper et al., 2011; Ishihara,
2010). The virulence factors are related to the most diverse roles of performance and one of the most interesting is related to
Glutathione catabolism (Chu et al., 2020). T. denticola is one of two bacteria responsible for periodontal disease that
demonstrate what is known as the complete three-step enzyme pathway (GTSP), which catabolizes glutathione into hydrogen
sulfide (H2S) (Paolicchi et al., 2002; Pastore et al., 2003). Chu et al., (2020) observed in the literature that one of the related
metabolic pathways may play an extremely important role in the pathogenesis of T. denticola, since the so-called GTSP
metabolizes glutathione into H,S. It is known that the levels of two thiol compounds are of interest for study since the literature
points out that the levels differ in the gingival fluid of healthy individuals when compared to individuals with periodontal
disease.

In order to demonstrate that glutathione catabolism by GTSP acts as an important virulence factor, Chu et al., (2020)
carried out the construction of a mutant strain, through allelic substitution to make a deletion mutant (A ggt) in the gene
encoding the first enzyme in GTSP. The study is a pioneer in the area. According to the same study the mutant cannot produce
H.S from glutathione, since it does not have an enzymatic activity of gamma-glutamyl transferase (GGT). The enzymatic
activity resulting from hemolysis and hemoxidation becomes reduced when compared to the strain ATCC 33520 and the
mutant strain. The mutant lost the ability to grow aerobically when incubated with glutathione. The A ggt bacterium with

glutathione causes less cell death in human gingival fibroblasts (hGFs) in vitro than the other strain analyzed (Chu et al., 2020).

3.2 T. denticola and Atherosclerosis

According to the Pan American Health Organization (PAHO), cardiovascular diseases are the leading cause of death
in the world, where people die annually because of these diseases more than any others. PAHO estimates that 17.7 million
people died of cardiovascular disease in 2015, representing 31% of all deaths globally on that year. Of these deaths, 7.4 million
are due to cardiovascular disease and 6.7 million are due to strokes. The incidence of cardiovascular disease occurs in low- and
middle-income countries (Middeke, 2019).

The etiology of the disease is multifactorial, nowadays, it addresses age, sex, diet, smoking (Gu et al., 2019),
hypertension, diabetes, dyslipidemia, homocysteine dosage, obesity, family history (Middeke, 2019), genetic factors
(Rizzacasa et al., 2019), as well as the action of microorganisms of the oral mucosa. Currently, there are several studies show
that viral and bacterial infections have pro-atherogenic properties, since many microorganisms were detected in the walls of
atherosclerotic blood vessels including P. gingivalis, the main pathogen of periodontitis. Moreover, the presence of pathogen-
specific antibodies is also linked to atherosclerosis (Li, Xia, & Hu, 2020). The aspects related to the microorganism mentioned

above may interfere with the atherosclerotic disease but the main cause of the development of the atherosclerotic plaque (a
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fibro-proliferative inflammatory response) is the endothelial damage. The disease can also be caused by invasion, proliferation
and accumulation of cells and surrounding blood with the deposition of connective tissue and lipids, in addition to the
possibility of adherence of phagocyte pathogens (Chukkapalli et al., 2014; Mahendra et al., 2009).

As previously described, T. denticola has important virulence factors and properties that favor its pathogenic action
and has demonstrated its capacity for tissue invasion, which can also occur with phagocyte transport (Mahendra et al., 2009).
Therefore, in order to identify new harmful interferences of the species that go beyond periodontal disease, it is essential to
study the location and effects of these pathogens on other tissues and organs (Misaki et al. 2019).

Oral bacteria are often identified in bacteremia with the possibility of involvement in vascular diseases. Studies show
that beyond systemic infection, after oral colonization T. denticola and other oral pathogens can sow organs such as the heart
and large arteries through the bloodstream where they penetrate and produce endotoxins such as lipopolysaccharides (LPS)
that generate inflammatory cytokines by regulating endothelial adhesion molecules and inducing a prothrombotic environment
(Bale, Doneen, & Vigerust, 2017; Chukkapalli et al., 2014; Mahendra et al., 2009).

Since this disease is so important, several studies investigated its relationship with the microorganism (Aquino et al.,
2011; Toyofuku et al., 2011; Velsko et al., 2015). Mahendra et al., (2009) selected 51 patients with chronic periodontitis from
the Institute of Cardiovascular Disease in Chennai (India), all suffering from Coronary Artery Disease and are going to
undergo a coronary artery bypass graft surgery. Samples of subgingival plaque were obtained 24-hours before the surgery and
the samples of atherosclerotic plaques were obtained during the surgery. Using PCR technique, it was observed that in the
subgingival plaque, T. denticola was found in 66.66% and P. gingivalis in 64.71% of the samples, while in the atherosclerotic
plaque, T. denticola was detected in 49.01% and P. gingivalis in 45.10% of the samples. In both subgingival and
atherosclerotic plaques, T. denticola was found in 39.21% and P. gingivalis in 39.22% of the cases.

Soto-Barreras et al., (2013) studied the association between periodontal disease and peripheral arterial disease (PAD)
at San Luis Potosi University (Mexico). Sixty individuals were involved in the study, thirty of them have peripheral arterial
disease and the others were healthy. T. denticola and other microorganisms (S. mutans, P. gingivalis, T. forsythia and P.
intermedia) were detected by PCR in both subgingival biofilm and in blood serum of cubital vein. In which solely, P.
gingivalis was the most prevalent microorganism in patients with PAD comparing to the healthy individuals.

Rivera et al., (2013) used a mixture of T. denticola, P. gingivalis and T. forsythia with carboxymethyl cellulose and
PBS for oral infection in mice deficient in Apolipoprotein E, “ApoE (null)”. The infection was applied for 4 days every two
weeks, for a total of 16 weeks to simulate chronic exposure. Samples of the microbiota were collected 7 days after each
infection. After 16 weeks of infection, the aorta, heart, maxilla, mandible, among other structures, were collected and
microorganisms was detected since the 2nd week in oral samples. T. denticola was found in the thoracic aorta of 12 of the 15
animals in the experimental group, in addition to palatal bone loss and increased invasion of inflammatory cells and plaque
proportional to the number of bacterial species in cross-sections of the ascending aorta. No bacterial genomic DNA was found
in other studied organs (liver, spleen and kidneys).

Chukkapalli et al., (2014) evaluated the relation between periodontal disease induced with T. denticola and
atherosclerosis in hyperlipidemic ApoE mice. Chronic periodontitis is already known to contribute to the development of
hyperlipidemia (Chukkapalli et al., 2014; Velsko et al., 2015). T. denticola was administered orally to the mice every three
weeks for four days until euthanasia at the 12th or 24th week. After the second infection 50% of the animals were colonized,
while at the seventh infection, this value increased to 90% (Chukkapalli et al., 2014). Accelerated atherosclerosis associated
with increased plaque area was also indicated, in addition to the identification of bacteria in primary location in gingival tissue

and in aortic tissues (at 12 and 24 weeks) revealing invasiveness and dissemination to the circulation with subsequent
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penetration into vascular tissues. It is important to note that the study also demonstrated an increase in the immune response
associated with infection, alteration of cytokines, increase in low density lipoproteins, alteration of gene expression and
reduction of nitric oxide, other factors associated with infection by the pathogen and atherosclerotic disease (Chukkapalli et al.,
2014). These results indicate that the risk associated with the microorganism is not limited to periodontal disease, but also
affects other tissues and organs, which further expands the importance of investigating the characteristics of this species.

Another important study was conducted by Velsko et al., (2015), in which p6-deficient mice were used, assuming that
with periodontal disease there could be a systemic spread of bacteria, consequently altering homeostasis to the point of
developing atherosclerotic plaque without the need for a hyperlipidemic condition. 26-week-old mice (mutant and wild) were
treated with antibiotics to reduce oral flora, so the bacterial species P. gingivalis, T. denticola, T. forsythia and Fusobacterium
nucleatum were inoculated for four consecutive days a week, every three weeks for 24 weeks, and one week after each
infection, samples were taken from the gingival cavity. The mice developed severe periodontal disease, and using
morphometric histological analysis, a minimal plaque was detected in the aortic arch in all groups, despite being greater in the
mutant than in the wild mice. In addition, DNA from the four species used was found in the hearts and aortas of the infected
mutant rats, and, although few wild aortas were found to be positive, all four species were detected.

After bibliographic review, it was possible to identify studies demonstrating the presence of T. denticola and other
oral pathogens in cardiac or vascular tissues and in blood serum (Chukkapalli et al., 2014; Li et al., 2020; Mahendra et al.,
2009; Rivera et al., 2013; Soto-Barreras et al., 2013; Velsko et al., 2015), as well, there is research in which other evidence of a

relationship with atherosclerosis is shown (Chukkapalli et al., 2014; Rivera et al., 2013).

4. Conclusion

The invasion of periodontal pathogens and its toxins associated to the host’s immune and inflammatory response may

contribute to the development of atherosclerosis.
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