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Abstract
Background: A current research disagreement middles about a theorized connection
between chronic oral infections and the progress of adverse systemic health conditions.
However, the gap between general and dental medicine is quickly closing, due to
significant findings supporting the association between dental infections and systemic
conditions such as cardiovascular diseases, type 2 diabetes mellitus, respiratory diseases,
stroke, adverse pregnancy outcomes, osteoporosis, renal diseases, and gastrointestinal
diseases. Relentless efforts have brought light on numerous advances in illuminating
their etiopathological links. However, the majority of data about possible role or
interlink between the infection and systemic disease is available in the form of case report
or summary. As case reports are not the acceptable to many indexed scientific magazines,
many these findings undergo unnoticed to researchers. The currently minimal accessible
data provide only an indication of the actuality. Aim: This article highlights the Role
of oral foci in systemic diseases. Conclusion: There is need of sincere work efforts on
genetic relatedness of organisms, rather than their phenotypes, sophisticated sampling,
detection, and analytical techniques to create the associations. To give insight to recent
apprises of different systemic diseases as a consequence of primary oral infections and
the pathogenesis link. The odontogenic bacteremia is likely to cause systemic and end
organ infections, but such infections can easily resist by body defenses. It is important
that role of good oral health and the risks associated with poor oral health should told to
the individuals. Clinical significance: Dentists and medical practitioners should work
together to provide comprehensive health care, thereby reducing the morbidity and
mortality associated with oral infections.
Keywords: Adverse pregnancy outcomes, cardiovascular disease, diabetes mellitus, gastrointestinal
disease, oral foci, osteoporosis, respiratory disease, renal disease, stroke

Introduction

conditions. The numerous case–control and epidemiologic
studies suggest that people with periodontal disease have a
unassumingly higher risk for myocardial infarction (MI)[1] than
with people without periodontal disease. Few studies have also
linked periodontal disease with adverse pregnancy outcomes,[1,2]
diabetes mellitus (DM),[3] lung diseases such as pneumonia
and chronic obstructive lung disease.[4] The dedicated efforts
of researchers have helped in revealing the etiological and
pathological links between these chronic inflammatory dental
diseases and systemic conditions. This paper abridges the

General practitioner and dentists for years together have paid
close attention to their own respective specialty fields, rather
than a possible link between oral and systemic health. A current
research controversy centers on a hypothesized connection
between the presence of chronic oral infections and the
development of adverse systemic health conditions. However,
this link establishing fast due to substantial findings supporting
the association between dental infections and various systemic
1
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available evidence in the literature on the possible mechanisms
by which oral infections may be responsible for the initiation
and progression of systemic diseases. Each section presents
the current state of the field. This may help in increasing the
awareness about the importance of the oral health, which is often
neglected in developing countries.

instrumentation beyond the root apex and extra or intraalveolar tooth extractions may produce a breakage in
capillaries located in the vicinity of the plaque biofilms. This
may open the doorway for bacteria to get entry into the
systemic circulation. This is more profound in the individuals
with poor oral hygiene, which has a higher microbial
load leading to dissemination, during oral manipulative
procedures.[11]
2. Although only a few distinct species were detected in
experimental bacteremia despite the assembly of diverse
resident bacteria within the periodontal biofilm, the
possibility of the role of innate microbial aspects was
suggested in the development of bacteremia.

Focal Infection and Focus of Infection
A focal infection is a localized or general infection caused by
the dissemination of microorganisms or toxic products from a
focus of infection. Focus of infection refers to a circumscribed
area of tissue, which is infected with pathogenic microorganisms
and is usually located near a mucous or cutaneous surface.[5]
Due to the recent advance in classification and identification of
oral microorganisms, some of which are commensal in the oral
cavity which gives hint to health-care practitioners about the
realistic assessment of the role of oral focal infection in systemic
diseases. The oral cavity can act as gateway for microorganism
to access the distant body organ through dissemination by
taking advantage of compromised immunity. Currently, more
than 6 billion bacteria, representing in excess of 700 species
belonging to at least nine different phylae, are inhabited in the
oral crevices.[6,7] The oral microbial flora, like most other resident
floras of the human body, such as those of the skin and the gut,
exhibits commensalism, a survival mechanism that benefits the
microbes without harming the host. Nevertheless, these largely
harmless commensal inhabitants of the human body have the
propensity to become pathogenic in the event of compromised
host defense mechanism. The presence of the organism in oral
cavity environment is largely due to its difference in physiology
and histology. For example, the thick, impermeable keratinized
layers of the skin prevent entry of microorganism into the
circulation from cutaneous flora. The periodic and continuous
exfoliation of the superficial layer of epithelium at a quick rate
decreases the chance of colonization by the bacterial flora.
However, the formation of plaque over the tooth surface which
is if left undisturbed can act as scaffold for the microorganism to
grow, even in the presence of polymorphonuclear neutrophils in
adjacent dentogingival junction and organized lymphatic system.
The breach in thin subgingival epithelium can occur easily as oral
mucosa in under continuous subjected to trauma due to various
normal and paranormal functions such as mastication or eating.
This can lead to dissemination of a bacteremia within the systemic
circulation as due to the presence of high vascularity.[8] The
Universal precautions Guidelines are developed for prevention
and management of bacteremia of odontogenic origin, specifically
advocating the use of prophylactic antibiotics while dental
procedures.[9,10] However, focal bacteremia spread from the oral
cavity may involve the number of other organs and body sites.
This evidence suggests that bacteria can gain entry into the
bloodstream from oral cavity through a number of mechanisms
and a variety of gateways:
1. The trauma to oral tissue caused during the various dental
procedures such as periodontal prophylaxis, root canal

Triggering Factors in Odontogenic Bacteremia
The dental factors that trigger in odontogenic bacteremia are
mentioned in Table 1.
Systemic or End Organ Diseases with Oral Bacteria
The concept of the focal infection, introduced by Hunter in
1911, has recently generated the interest within the research
communities, specifically concentrating on the impact of an oral
infection on distant sites in the body[12] as well as has highlighted
the relationship of oral disease to systemic conditions. Although
results are not enough to be conclusive about the relationships
between oral disease and systemic health,[13] health care should
stay up-to-date of the recent knowledge about oral-systemic
disease interrelationship and their possible risk influences as it
will affect the outcome of the patient health-care treatment as
well as should refer to dental specialists and medical providers as
precautionary measure.
Cardiovascular Disease (CVD)
CVD are the largest cause of mortality worldwide. CVD
encompasses coronary heart disease (CHD), as well as
congestive heart failure, cerebrovascular disease and stroke,
peripheral artery disease, carotid artery disease, and aortoiliac
disease. CHD is responsible for the majority of deaths than
CVD in India. Atherosclerosis is part of etiopathogenesis in
Table 1: Triggering factors in odontogenic bacteremia
Triggering factor
Chewing
Personal oral hygiene measures
Periodontal procedures
Tooth extraction
Orthodontic procedures
Endodontic procedures
Miscellaneous oral procedures
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the development of CHD. The deposition of atherosclerotic
plaques on the inner layer of walls of arteries characterized this
process. Atherosclerosis and MI are closely related involving
a complexity of genetic and environmental dynamics. The
arterial inflammation has a definitive role in the development
of atherosclerosis which is being debated over the last few years.
Several epidemiological scholarly works have identified the
association between high levels of acute phase reactants such
as C-reactive protein (CRP), fibrinogen, serum Amyloid A,
with atherosclerosis and an associated risk for development of
CVD/CHD.[14] The concept of poor oral health, such as severe
or chronic periodontal disease, may put down patient at risk of
developing of a variety of systemic disease like CVD.[15-17] The
inadvertent tooth brushing habit can result in increased blood
level of CRP and fibrinogen;[18] indirectly play a role in coronary
arterial plaque formation. Certainty, further evidence-based
research studies are needed to affirm whether there is a strong
relationship between periodontal disease, CVD and diabetes.[19]
The studies conducted on patients with acute ischemic heart
disease have shown, the positive correlation between various
degrees of chronic periodontitis with higher levels of triglyceride
and low-density lipoprotein (LDL) levels.[20] After the loss of
few teeth as result of periodontitis, the remaining of teeth act as a
source of infection putting the patient at risk for CHD. Holmlund
et al. suggests that the presence of number of teeth could be one
factor in deciding increased risk of mortality in CHD.[21] The
periodontitis may add the infectious and inflammatory burden
which may increase risk of cardiovascular events and stroke in
susceptible person.[3]
The relationship between periodontitis and atherosclerosis
has been explained by following pathophysiological mechanisms:

These have a positive association with atherosclerosis which
is, in fact, an inflammatory disease, responsible for initiation of
cardiovascular events.[28,29] Routine periodontal procedure act
as potential triggers for dissemination of these inflammatory
mediators in the blood circulation, leading to the development
of transient bacteremia. During this state, there is release of
bacterial virulence factors which called as lipopolysaccharides
(LPS) are released in circulation.[30] The proinflammatory
cytokines (e.g., tumor necrosis factor-alpha [TNF-α], IL-1 beta,
IL-6, IL-8), activation of the fibrinolytic system, kallikreinkinin generation and phospholipase A2 release are released as
response. This leads to initiation of vast majority of events such
as recruitment of inflammatory cells at site of large blood vessels
especially, activation of platelet function.[31] Proinflammatory
cytokines (TNF-α, IL-1, IL-6) initiate production of enzymes
of NOX family belonging to NADPH oxidases. This increased
NOX activity contributes to various pathologies, particularly
CVD.[32] TNF-α induced effect on the regulation of endothelial
adhesion molecule expression such as intercellular adhesion
molecules (ICAMs) and vascular cell adhesion molecules
(VCAM-1), as well as some of the integrins. These ICAMs and
VCAM-1 stimulate compact adhesion of inflammatory cells
at the vascular surface, whereas platelet endothelial cellular
adhesion molecules-1 are implicated in extravasations of blood
cells into the vessel and underlying tissue. The formation of
atherosclerotic plaques occurs at the site of binding or stagnation
of cells. In the absence of high-density lipoprotein which has
antiatherogenic properties, there is a migration of leukocytes
(diapedesis) to atherosclerotic plaques.[33]

Direct Pathways

A respiratory disease/infection involves the respiratory system
affecting the lung and its anatomical parts. These could be
a common cold to grave condition pneumonia or chronic
obstructive pulmonary disease (COPD), which has significant
role increased morbidity and mortality worldwide. Pneumonia is
leading causes among the elderly, the majority of these patients
are diagnosed as aspiration pneumonia. Pneumonia is an
inflammation of the lungs parenchyma due to various etiological
agents such fungus, virus, parasites, or bacterial infection.
Recent evidence has suggested that oral cavity act as foci of
infection for the development of lung diseases such as aspiration
pneumonia, COPD and lower respiratory tract infections.[34,35]
The poor or inadequate maintenances of oral health in nursing
home residents, elder subjects, intensive care unit patients and
hospitalized individuals requiring mechanical ventilation can
predispose them to the development of aspiration pneumonia.
The pathogenesis of aspiration pneumonia is not clear. The
oral cavity is contiguous with the trachea and may be a portal
for respiratory pathogen colonization. Development of
plaque often involves aggregation of many microorganisms
or pathogens.[36,37] such as Staphylococcus aureus, Pseudomonas
aeruginosa, P. gingivalis, and A. actinomycetemcomitans. There are

Respiratory Infections/Diseases

Periodontium has rich vascularity which gives a good
environment for dissemination of oral microbes and their
byproducts into circulatory system. Several triggering factors
[Table 1] can induce bacteremias. The oral microbes can directly
influence the cardiovascular events such as hypercoagulability,
atherosclerosis. Various oral pathogens such as Porphyromonas
gingivalis, Aggregatibacter actinomycetemcomitans, Prevotella
intermedia, Treponema denticola, and Eikenella corrodens have
been isolated from atherosclerotic plaques.[22] P. gingivalis induces
the expression of several cell surface receptors such as toll-like
receptor (TLR-2/TLR-4), endothelial cell adhesion molecules,
interleukin (IL)-8, IL-6, monocyte chemoattraction protein-1,
and TLR-4.[23-26] The autoimmune mechanisms secondary
to periodontal infections may influence the progression and
development of atherosclerosis.[27]
Indirect Pathways
In patients with periodontal diseases produces certain
inflammatory mediators such as CRP, matrix metalloproteinases.
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Adverse Pregnancy Outcomes

chances of aspiration of bacterial foci from the oral cavity and
upper airway into the lungs, increasing the risk of development
of the aspiration pneumonia.[38,39] Theses foci could be plaque
or oral biofilm, residual root of the decayed teeth, residue in
oral mucous epithelium and oral dryness as result of impaired
oral function. Oral bacteria releases various enzymes which
help them to adhere and colonize the mucosal surface.[36] The
cytokine released from the epithelial cell cause the recruitment
of chronic inflammatory cells, increasing the susceptibility
of mucosa to the infections.[4] There are reports of increased
incidence of aspiration pneumonia in patients on ventilators
having periodontal infections or poor periodontal health status[40]
which results increased mortality the elderly person.[41,42] During
endotracheal intubation in the various procedure, there is
aspiration of bacterial microbial flora from the oral mucosa or
upper airways passage to respiratory mucosa, thereby increases
the chance of developing the aspiration pneumonia.

Preterm low-birth-weight (PLBW) is worldwide leading
perinatal problems and has evident public health implications,
due to the fact that their incidence does not decrease in
spite of the many attempts at their prevention. Health of the
pregnant women is an important factor influencing pregnancy
outcome. Cervical incompetence or short cervical length,
pre-eclampsia and numerous maternal infection, systemic
like toxoplasmosis[53,54] and local infections such as bacterial
vaginosis, chorioamnionitis, or uterine tract infections[55,56] pose
greater risk to health of pregnant women. Various risk factors
such as increasing age of women giving birth, ethnical origin,
tobacco, socioeconomic disparities, maternal body-mass index,
or multiple pregnancies are responsible for PLBW.[57,58] The
majority of time cause of preterm birth remain unknown.[56] It is
also possible that infectious processes occurring elsewhere in the
body may contribute to neonatal morbidity and mortality.
Periodontal disease is a risk factor for adverse pregnancy
outcome. There is a positive correlation between poor
maternal periodontal health with PLBW babies.[59-61]
Preterm birth incidence increases frequently with the
severity of periodontitis.[62-64] This is linked to biological
theories: (i) Bacterial spreading, (ii) inflammatory products
dissemination, and (iii) role of feto-maternal immune response
against oral pathogens.[61]
The bacterial spreading theory is based on the possible
dissemination of oral bacteria including periodontal pathogens
through blood circulation[65] to the amniotic fluid and leading to
chorioamniotic infections. The frequent gingival inflammation
of women presenting periodontal diseases,[66] especially
pregnancy-associated gingivitis, facilitates bacteremia process.[67]
Many analyses of amniotic fluid or placenta showed the presence
of different oral pathogens such as Bergeyella, Eikenella,[67]
Fusobacterium nucleatum, or P. gingivalis.[68,69] Inside uterus,
these pathogens could provoke an inflammatory response.
The increase of inflammatory cytokines or metalloproteases
synthesis and the neutrophil activation could induce preterm
birth process.[67]
The immune and genetic characteristics of fetus and pregnant
women are one of the potential mechanisms linking periodontal
diseases to preterm birth. Higher levels of periodontopathogenspecific immunoglobulin M in umbilical-cord blood in babies
born preterm was found in the past.[70] This immune response
against oral pathogens could evoke with an inflammatory
response, and increases the risk significantly. In view of the
possible adverse effects of periodontitis on pregnancy outcomes,
it is important to promote good oral hygiene.

DM
DM is a metabolic disorder affecting the metabolism of
carbohydrates, lipids, and proteins, resulting in altered state of
blood sugar. It is due to insulin deficiency as a result of pancreatic
β-cell dysfunction or insulin resistance in cells.[43] Conversely,
periodontitis may be a risk factor for worsening glycemic
control among patients with diabetes and may increase the risk
of diabetic complications.[44] Chronic periodontitis causes the
imbalance between the host immune system and oral microbial
flora resulting the increase in inflammatory response. To met a
high level of immune response body system requires high level of
energy, resulting in reduction in the glucose level at cellular level.
The inflammatory cells release various cytokine such as TNF-α
which exerts certain kind of stress situation at cellular level.[45,46]
There is an association between the status of periodontitis,
glucose intolerance, signs of metabolic diseases, and diabetesassociated complications, such as CVD.[47,48]
Recently, the role of certain oral microorganism present in
in chronic periodontitis have been suggested in worsening the
status of DM.[49] The persistent release of LPS from P. gingivalis
and prolonged upregulation of TNF-α which may increase the
severity of diabetes.[46] The chronic periodontitis, involving
Gram-negative organisms specially P. gingivalis, Tannerella
forsythia, and P. intermedia, have significantly higher levels of CRP
and fibrinogen than those without periodontitis which may be
associated with poor glycemic control.[50] Besides these factors,
the virulence of P. gingivalis is critical in poor glycemic control.
[51]
Dental procedures as well as daily activities such brushing or
chewing can produce bacteremia and endotoxemia in patients
suffering from periodontitis. These events increase levels of
inflammatory mediators such as IL-1, IL-6, and TNF-α in serum
leading to chronic inflammatory state.[46] The inflammatory
mediators play role in development of insulin resistance, under
the influence of environmental factors such as decreased physical
activity, poor nutrition, obesity, and infection.[52]

Stroke
Ischemic Stroke is caused due decrease in blood supply to the
brain leading to death of brains cells. Reduction in blood supply
is caused by the formation of clot formation or thrombus within
these vessels. Various studies have correlated periodontal disease
4
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with stroke.[71-73] Kim et al., in their case-control study, found a
significant association of periodontitis with hemorrhagic stroke.[74]
The inflamed periodontium or other intraoral pathologies, such
as caries, or periapical osteitis releases periodontal pathogens,
antigens, endotoxins, inflammatory cytokines and LPS into the
systemic circulation. The oral pathogenic bacteria, cytokines,
and LPS in the systemic circulation may promote atherosclerosis
and affect blood coagulation, the function of platelets, and PG
synthesis, thereby contributing to the onset of stroke. Majority
case reports suggested the primary oral foci such as poor oral
hygiene, periodontitis, dental abscesses, mucositis with oral
ulcerations as a source of infection and contributing risk factor in
the development of CNS disease.

was suggested that chronic periodontal inflammation can act
as source or reservoir of for numerous cytokines, e.g., IL-6.
[80,81]
These cytokine level are higher at local level but are highly
variable in systemic or within serum. It is still unclear whether
oral inflammation can cause to skeletal osteoporosis as cytokine
level within serum are variable and cannot be linked with clinical
parameter of periodontal inflammation.[82] Another possible
mechanism which is contradictory or support link between
chronic periodontitis and osteoporosis is there. Chronic
periodontitis caused the stress and trauma leading to activation
of other inflammatory pathways (for example, cyclooxygenase 2
and prostaglandin production. Increase in systemic level of
inflammatory mediators may have a stimulating effect on
osteoclasts, and thus inducing bone resorption at either at local
level or distant level.[83]

Rheumatoid Arthritis (RA)
The etiology of RA which considered the autoimmune disease
is unknown, however recently various environmental factors
including hormones, dietary factors, infections, tobacco
smoke as well as antigen and antibody interactions are linked
to increased risk for RA. RA is characterized by the presence
of an inflammation in the synovial membrane affecting joint
architecture leading to reduced function. Periodontitis and RA
share similar clinical and pathogenic characteristics as well as a
strong relationship between severity of periodontal disease and
RA.[74,75] The current paradigm for RA includes an initiating event
(possibly a microbial exposure or a putative autoantigen) leading
to significant synovial inflammation and tissue destruction.
As for periodontitis, there is no direct proven cause and effect
relation with the development of RA. Periodontal pathogen
may responsible for the alteration of inflammatory response
in susceptible host. Release of cytokines by inflammatory cells
(T and B lymphocytes, neutrophils, and monocytes), could
contribute to the development of RA.
Oral bacterial DNAs are detected in serum and synovial
fluid of RA patients.[76] RA patients also were found to have a
significantly higher level of IgG antibody against P. gingivalis,
P. intermedia, and Bacteroides forsythus.[77] An association of
P. gingivalis titres with RA-related autoantibody and CRP levels
suggest that infection with this organism may play a role in the
risk for and progression of RA.[78]

Renal Diseases

Osteoporosis

Gastrointestinal (GI) Diseases

Osteoporosis is a systemic disease affecting the skeletal bone. It is
characterized by loss of bone leading to bone fragility and fracture
susceptibility. It is multifactorial disease of which inflammation
is major factor. Recently, investigation on this aspect has linked
the various inflammatory diseases with osteoporosis.[79] Oral
inflammations such as chronic periodontal inflammation, oral
osteoporosis, and systemic osteoporosis have inter-relation, but
little is known about the mechanism behind such a relationship.
Inflammatory mediators are suspected in bone loss through
modulation of osteoclast function and osteoclastogenesis. It

The oral cavity provides a doorway between the extra oral
environment and the gastrointestinal tract. It facilitates both
food ingestion and digestion. Gastrointestinal diseases have been
periodically related to oral foci of infection. It has been proposed
that the constant swallowing of oral microorganisms might lead
to a variety of GI diseases. In most instances, however, the low
pH of the gastric secretions is an adequate defense against such
infection.
Helicobacter pylori is an important human pathogen linked
to chronic gastritis, peptic ulcer, duodenal ulcers, gastric

Renal diseases are considered a worldwide public health
problem, mainly due to its high morbidity and mortality.
Glomerular nephropathies are sometimes attributed to oral foci
of infection. Glomerular disease, e.g., acute post-streptococcal
glomerulonephritis sometimes develops rapidly after an oral
infection such as periapical granuloma or abscess, and chronic
periodontitis. Indirect involvements of oral microorganisms
in the development of this renal pathology were observed.
Microorganism does not attack the kidney directly, but an
infection causes the immune system to overproduction of
antibodies, which enter the blood circulation and get deposited
in the glomeruli, causing damage. Periodontal bacteria
have known to cause immune reaction and might cause IgA
nephropathy.[84] The type of microorganisms most commonly
involved in urinary infections is Escherichia coli, although
Staphylococci and Streptococci also may be cultured. Of the
Streptococci, Streptococcus hemolyticus seems to be the most
common. This Streptococcus is an uncommon inhabitant of
dental root canals or periapical and gingival areas. P. gingivalis
has shown an invasive trend toward endothelial cell cultures
and may directly affect the glomeruli.[85] Ardalan et al.[86] have
recently been suggested that periodontitis may be a neglected
and treatable cause of glomerulonephritis.
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the normal bacterial flora of the oral cavity. J Clin Microbiol
2005;43:5721-32.
8. Samaranayake LP. Microbiology of periodontal disease. In:
Essential Microbiology for Dentistry. 3rd ed. Philadelphia, PA:
Elsevier; 2006. p. 275-285.
9. Gould FK, Elliott TS, Foweraker J, Fulford M, Perry JD,
Roberts GJ, et al. Guidelines for the prevention of endocarditis:
Report of the Working Party of the British Society for
Antimicrobial Chemotherapy. J Antimicrob Chemother
2006;57:1035-42.
10. Richey R, Wray D, Stokes T; Guideline Development Group.
Prophylaxis against infective endocarditis: Summary of NICE
guidance. BMJ 2008;336:770-1.
11. Forner L, Larsen T, Kilian M, Holmstrup P. Incidence of
bacteremia after chewing, tooth brushing and scaling in
individuals with periodontal inflammation. J Clin Periodontol
2006;33:401-7.
12. Hunter W. An address on the role of sepsis and antisepsis in
medicine. Lancet 1911;1:79-86.
13. Michalowicz BS, Hodges JS, DiAngelis AJ, Lupo VR, Novak MJ,
Ferguson JE, et al. Treatment of periodontal disease and the risk
of preterm birth. N Engl J Med 2006;355:1885-94.
14. Packard RR, Libby P. Inflammation in atherosclerosis: From
vascular biology to biomarker discovery and risk prediction.
Clin Chem 2008;54:24-38.
15. Seymour RA. Is gum disease killing your patient? Br Dent J
2009;206:551-2.
16. Humphrey LL, Fu R, Buckley DI, Freeman M, Helfand M.
Periodontal disease and coronary heart disease incidence:
A systematic review and meta-analysis. J Gen Intern Med
2008;23:2079-86.
17. Cronin A. Periodontal disease is a risk marker for coronary
heart disease? Evid Based Dent 2009;10:22.
18. de Oliveira C, Watt R, Hamer M. Toothbrushing, inflammation,
and risk of cardiovascular disease: Results from Scottish Health
Survey. BMJ 2010;340:c2451.
19. Williams RC, Barnett AH, Claffey N, Davis M, Gadsby R,
Kellett M, et al. The potential impact of periodontal disease
on general health: A consensus view. Curr Med Res Opin
2008;24:1635-43.
20. Oliveira FJ, Vieira RW, Coelho OR, Petrucci O, Oliveira PP,
Antunes N, et al. Systemic inflammation caused by chronic
periodontite in patients victims of acute ischemic heart attack.
Rev Bras Cir Cardiovasc 2010;25:51-8.
21. Holmlund A, Holm G, Lind L. Number of teeth as a predictor of
cardiovascular mortality in a cohort of 7,674 subjects followed
for 12 years. J Periodontol 2010;81:870-6.
22. Kozarov E, Sweier D, Shelburne C, Progulske-Fox A, Lopatin D.
Detection of bacterial DNA in atheromatous plaques by
quantitative PCR. Microbes Infect 2006;8:687-93.
23. Chou HH, Yumoto H, Davey M, Takahashi Y, Miyamoto T,
Gibson FC 3rd, et al. Porphyromonas gingivalis fimbriadependent activation of inflammatory genes in human aortic
endothelial cells. Infect Immun 2005;73:5367-78.
24. Roth GA, Moser B, Roth-Walter F, Giacona MB, Harja E,
Papapanou PN, et al. Infection with a periodontal pathogen
increases mononuclear cell adhesion to human aortic
endothelial cells. Atherosclerosis 2007;190:271-81.
25. Yumoto H, Chou HH, Takahashi Y, Davey M, Gibson FC 3rd,
Genco CA. Sensitization of human aortic endothelial cells

malignancies and lymphoid tissue lymphoma. The exact pathway
of transmission of H. pylori is not clear; however, it is suspected
that oral cavity is most possible source of microorganism.
H. pylori have been detected in plaque and saliva.[87-89] However,
it is still controversial point and under study. It is believed
that H. pylori belongs to the normal microbiota of the human
oral cavity and maintains a commensal relationship with the
human host. Conversely, it may be possible that presence of
H. pylori in oral cavities may be a result of the ingestion of
contaminated foods or as a secondary effect of gastroesophageal
reflux.[87,90] Besides, there are many factors such as variations in
the geography location of subjects, oral health status, intricacy
of the oral microbiota and methods of detection, etc., which can
affect progress of gastrointestinal disease.[87]
Conclusion
In this era of evidence-based medicine, a vast number of research
studies have indicated that oral infection are a possible causal
factor which can influence the progression of important systemic
diseases. However, the majority are in the form of reports or as
a summary of cases. Since they lack originality, a large number
of them go unreported. The odontogenic bacteremia is likely
to cause systemic and end organ infections, but such infections
can easily resist by body defenses. It is important that role of
good oral health and the risks associated with poor oral health
should told to the individuals. Dentists and medical practitioners
should work together to provide comprehensive healthcare,
thereby reducing the morbidity and mortality associated with
oral infections. There is need of much more work in this area
to established strong association of oral microorganism with
systemic disease causation. This will provide future direction to
prepare guidelines of treatment of oral infection.
References
1. Bobetsis YA, Barros SP, Offenbacher S. Exploring the relationship
between periodontal disease and pregnancy complications.
J Am Dent Assoc 2006;137 Suppl:7S-13.
2. Dasanayake AP, Gennaro S, Hendricks-Muñoz KD, Chhun N.
Maternal periodontal disease, pregnancy, and neonatal
outcomes. MCN Am J Matern Child Nurs 2008;33:45-9.
3. Kinane D, Bouchard P; Group E of European Workshop on
Periodontology. Periodontal diseases and health: Consensus
Report of the Sixth European Workshop on Periodontology.
J Clin Periodontol 2008;35 8 Suppl:333-7.
4. Paju S, Scannapieco FA. Oral biofilms, periodontitis, and
pulmonary infections. Oral Dis 2007;13:508-12.
5. Sivapathasundharam B. Spread of oral infection. In:
Rajendran R, Sivapathasundharam B, editors. Textbook of Oral
Pathology. 5th ed. New Delhi: Elsevier; 2005. p. 709.
6. de Lillo A, Ashley FP, Palmer RM, Munson MA, Kyriacou L,
Weightman AJ, et al. Novel subgingival bacterial phylotypes
detected using multiple universal polymerase chain reaction
primer sets. Oral Microbiol Immunol 2006;21:61-8.
7. Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining

6

Patil, et al.

Oral foci in systemic diseases

to lipopolysaccharide via regulation of Toll-like receptor 4
by bacterial fimbria-dependent invasion. Infect Immun
2005;73:8050-9.
26. Argueta JG, Shiota S, Yamaguchi N, Masuhiro Y, Hanazawa S.
Induction of Porphyromonas gingivalis GroEL signaling via
binding to Toll-like receptors 2 and 4. Oral Microbiol Immunol
2006;21:245-51.
27. Ford PJ, Gemmell E, Timms P, Chan A, Preston FM, Seymour GJ.
Anti-P. gingivalis response correlates with atherosclerosis.
J Dent Res 2007;86:35-40.
28. Joshipura KJ, Wand HC, Merchant AT, Rimm EB. Periodontal
disease and biomarkers related to cardiovascular disease. J Dent
Res 2004;83:151-5.
29. Ridker PM, Silvertown JD. Inflammation, C-reactive protein,
and atherothrombosis. J Periodontol 2008;79 8 Suppl:1544-51.
30. Elter JR, Hinderliter AL, Offenbacher S, Beck JD, Caughey M,
Brodala N, et al. The effects of periodontal therapy on vascular
endothelial function: A pilot trial. Am Heart J 2006;151:47.
31. Papapanagiotou D, Nicu EA, Bizzarro S, Gerdes VE, Meijers JC,
Nieuwland R, et al. Periodontitis is associated with platelet
activation. Atherosclerosis 2009;202:605-11.
32. Picchi A, Gao X, Belmadani S, Potter BJ, Focardi M,
Chilian WM, et al. Tumor necrosis factor-alpha induces
endothelial dysfunction in the prediabetic metabolic syndrome.
Circ Res 2006;99:69-77.
33. Hansson GK. Inflammation, atherosclerosis, and coronary
artery disease. N Engl J Med 2005;352:1685-95.
34. Deo V, Bhongade ML, Ansari S, Chavan RS. Periodontitis as a
potential risk factor for chronic obstructive pulmonary disease:
A retrospective study. Indian J Dent Res 2009;20:466-70.
35. Sharma N, Shamsuddin H. Association between respiratory
disease in hospitalized patients and periodontal disease: A
cross-sectional study. J Periodontol 2011;82:1155-60.
36. Didilescu AC, Skaug N, Marica C, Didilescu C. Respiratory
pathogens in dental plaque of hospitalized patients with chronic
lung diseases. Clin Oral Investig 2005;9:141-7.
37. El Attar MM, Zaghloup MZ, Elmenoufr HS. Role of
periodontitis in hospital-acquired pneumonia. East Mediterr
Health J 2010;16:563-9.
38. Raghavendran K, Mylotte JM, Scannapieco FA. Nursing
home-associated pneumonia, hospital-acquired pneumonia
and ventilator-associated pneumonia: The contribution of
dental biofilms and periodontal inflammation. Periodontol
2000 2007;44:164-77.
39. Sumi Y, Miura H, Michiwaki Y, Nagaosa S, Nagaya M.
Colonization of dental plaque by respiratory pathogens in
dependent elderly. Arch Gerontol Geriatr 2007;44:119-24.
40. Munro CL, Grap MJ, Elswick RK Jr, McKinney J, Sessler CN,
Hummel RS 3rd. Oral health status and development of
ventilator-associated pneumonia: A descriptive study. Am J Crit
Care 2006;15:453-60.
41. Awano S, Ansai T, Takata Y, Soh I, Akifusa S, Hamasaki T, et al.
Oral health and mortality risk from pneumonia in the elderly.
J Dent Res 2008;87:334-9.
42. Azarpazhooh A, Leake JL. Systematic review of the association
between respiratory diseases and oral health. J Periodontol
2006;77:1465-82.
43. Mealey BL, Oates TW; American Academy of Periodontology.
Diabetes mellitus and periodontal diseases. J Periodontol
2006;77:1289-303.

44. Taylor GW, Borgnakke WS. Periodontal disease: Associations
with diabetes, glycemic control and complications. Oral Dis
2008;14:191-203.
45. Salvi GE, Carollo-Bittel B, Lang NP. Effects of diabetes mellitus on
periodontal and peri-implant conditions: Update on associations
and risks. J Clin Periodontol 2008;35 8 Suppl:398-409.
46. Mealey BL, Rose LF. Diabetes mellitus and inflammatory
periodontal diseases. Curr Opin Endocrinol Diabetes Obes
2008;15:135-41.
47. Shimazaki Y, Saito T, Yonemoto K, Kiyohara Y, Iida M,
Yamashita Y. Relationship of metabolic syndrome to periodontal
disease in Japanese women: THe Hisayama Study. J Dent Res
2007;86:271-5.
48. Jansson H, Lindholm E, Lindh C, Groop L, Bratthall G. Type 2
diabetes and risk for periodontal disease: A role for dental
health awareness. J Clin Periodontol 2006;33:408-14.
49. Soell M, Hassan M, Miliauskaite A, Haïkel Y, Selimovic D.
The oral cavity of elderly patients in diabetes. Diabetes Metab
2007;33 Suppl 1:S10-8.
50. Lim LP, Tay FB, Sum CF, Thai AC. Relationship between
markers of metabolic control and inflammation on severity of
periodontal disease in patients with diabetes mellitus. J Clin
Periodontol 2007;34:118-23.
51. Makiura N, Ojima M, Kou Y, Furuta N, Okahashi N,
Shizukuishi S, et al. Relationship of Porphyromonas gingivalis
with glycemic level in patients with type 2 diabetes following
periodontal treatment. Oral Microbiol Immunol 2008;23:348-51.
52. King GL. The role of inflammatory cytokines in diabetes and its
complications. J Periodontol 2008;79 8 Suppl:1527-34.
53. Giannoulis C, Zournatzi B, Giomisi A, Diza E, Tzafettas I.
Toxoplasmosis during pregnancy: A case report and review of
the literature. Hippokratia 2008;12:139-43.
54. Jauniaux E, Van Oppenraaij RH, Burton GJ. Obstetric outcome
after early placental complications. Curr Opin Obstet Gynecol
2010;22:452-7.
55. Vrachnis N, Vitoratos N, Iliodromiti Z, Sifakis S, Deligeoroglou E,
Creatsas G. Intrauterine inflammation and preterm delivery.
Ann N Y Acad Sci 2010;1205:118-22.
56. Muglia LJ, Katz M. The enigma of spontaneous preterm birth.
N Engl J Med 2010;362:529-35.
57. Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH,
et al. The worldwide incidence of preterm birth: A systematic
review of maternal mortality and morbidity. Bull World Health
Organ 2010;88:31-8.
58. Wimmer G, Pihlstrom BL. A critical assessment of adverse
pregnancy outcome and periodontal disease. J Clin Periodontol
2008;35 8 Suppl:380-97.
59. Offenbacher S, Boggess KA, Murtha AP, Jared HL, Lieff S,
McKaig RG, et al. Progressive periodontal disease and risk of
very preterm delivery. Obstet Gynecol 2006;107:29-36.
60. López NJ, Da Silva I, Ipinza J, Gutiérrez J. Periodontal
therapy reduces the rate of preterm low birth weight in
women with pregnancy-associated gingivitis. J Periodontol
2005;76 11 Suppl:2144-53.
61. Pretorius C, Jagatt A, Lamont RF. The relationship between
periodontal disease, bacterial vaginosis, and preterm birth.
J Perinat Med 2007;35:93-9.
62. Rakoto-Alson S, Tenenbaum H, Davideau JL. Periodontal
diseases, preterm births, and low birth weight: Findings from
a homogeneous cohort of women in Madagascar. J Periodontol

7

Patil, et al.

Oral foci in systemic diseases

2010;81:205-13.
63. Gomes-Filho IS, Cruz SS, Rezende EJ, Dos Santos CA,
Soledade KR, Magalhães MA, et al. Exposure measurement in
the association between periodontal disease and prematurity/
low birth weight. J Clin Periodontol 2007;34:957-63.
64. Manau C, Echeverria A, Agueda A, Guerrero A, Echeverria JJ.
Periodontal disease definition may determine the association
between periodontitis and pregnancy outcomes. J Clin
Periodontol 2008;35:385-97.
65. Seymour GJ, Ford PJ, Cullinan MP, Leishman S, Yamazaki K.
Relationship between periodontal infections and systemic
disease. Clin Microbiol Infect 2007;13 Suppl 4:3-10.
66. Gürsoy M, Könönen E, Gürsoy UK, Tervahartiala T, Pajukanta R,
Sorsa T. Periodontal status and neutrophilic enzyme levels in
gingival crevicular fluid during pregnancy and postpartum.
J Periodontol 2010;81:1790-6.
67. Fardini Y, Chung P, Dumm R, Joshi N, Han YW. Transmission
of diverse oral bacteria to murine placenta: Evidence for the
oral microbiome as a potential source of intrauterine infection.
Infect Immun 2010;78:1789-96.
68. Barak S, Oettinger-Barak O, Machtei EE, Sprecher H, Ohel G.
Evidence of periopathogenic microorganisms in placentas of
women with preeclampsia. J Periodontol 2007;78:670-6.
69. Kotz J, Chegini N, Shiverick KT, Lamont RJ. Localization
of P. gingivalis in preterm delivery placenta. J Dent Res
2009;88:575-8.
70. Boggess KA. Pathophysiology of preterm birth: Emerging
concepts of maternal infection. Clin Perinatol 2005;32:561-9.
71. Pradeep AR, Hadge P, Arjun Raju P, Shetty SR, Shareef K,
Guruprasad CN. Periodontitis as a risk factor for cerebrovascular
accident: A case-control study in the Indian population.
J Periodontal Res 2010;45:223-8.
72. Kazanci E, Oguz KK, Gurgey A, Topçu M. Streptococcus
oralis as a risk factor for middle cerebral artery thrombosis
2005;20:611-3.
73. Khouzam RN, El-Dokla AM, Menkes DL. Undiagnosed patent
foramen ovale presenting as a cryptogenic brain abscess: Case
report and review of the literature. Heart Lung 2006;35:108-11.
74. Kim HD, Sim SJ, Moon JY, Hong YC, Han DH. Association
between periodontitis and hemorrhagic stroke among Koreans:
A case-control study. J Periodontol 201;81(5):658-65.
75. Ramamurthy NS, Greenwald RA, Celiker MY, Shi EY.
Experimental arthritis in rats induces biomarkers of periodontitis
which are ameliorated by gene therapy with tissue inhibitor of
matrix metalloproteinases. J Periodontol 2005;76:229-33.
76. Miossec P, Farge P, Gaudin P, Alexandre C, Mougin B, Miossec P.
The association between periodontal disease and joint
destruction in rheumatoid arthritis extends the link between the

HLA-DR shared epitope and severity of bone destruction. Ann
Rheum Dis 2006;65:905-9.
77. Moen K, Brun JG, Valen M, Skartveit L, Eribe EK, Olsen I,
et al. Synovial inflammation in active rheumatoid arthritis and
psoriatic arthritis facilitates trapping of a variety of oral bacterial
DNAs. Clin Exp Rheumatol 2006;24:656-63.
78. Mikuls TR, Payne JB, Reinhardt RA, Thiele GM, Maziarz E,
Cannella AC, et al. Antibody responses to Porphyromonas
gingivalis (P. gingivalis) in subjects with rheumatoid arthritis
and periodontitis. Int Immunopharmacol 2009;9:38-42.
79. Lacativa PG, Farias ML. Osteoporosis and inflammation. Arq
Bras Endocrinol Metabol 2010;54:123-32.
80. Li X, Kolltveit KM, Tronstad L Olsen I. Systemic diseases caused
by oral infection. Clin Microbiol Rev 2000;13:547-58.
81. Page RC. The pathobiology of periodontal diseases may affect
systemic diseases: Inversion of a paradigm. Ann Periodontol
1998;3:108-20.
82. Górska R, Gregorek H, Kowalski J, Laskus-Perendyk A,
Syczewska M, Madalinski K. Relationship between clinical
parameters and cytokine profiles in inflamed gingival tissue and
serum samples from patients with chronic periodontitis. J Clin
Periodontol 2003;30:1046-52.
83. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dunford R,
Genco RJ. The relationship between bone mineral density
and periodontitis in postmenopausal women. J Periodontol
2000;71:1492-8.
84. Nagasawa Y, Iio K, Fukuda S, Date Y, Iwatani H, Yamamoto R,
et al. Periodontal disease bacteria specific to tonsil in IgA
nephropathy patients predicts the remission by the treatment.
PLoS One 2014;9:e81636.
85. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal
diseases. Lancet 2005;366:1809-20.
86. Ardalan MR, Ghabili K, Pourabbas R, Shoja MM. A causative
link between periodontal disease and glomerulonephritis: A
preliminary study. Ther Clin Risk Manag 2011;7:93-8.
87. Anand PS, Nandakumar K, Shenoy KT. Are dental plaque,
poor oral hygiene, and periodontal disease associated with
Helicobacter pylori infection? J Periodontol 2006;77:692-8.
88. Gebara EC, Faria CM, Pannuti C, Chehter L, Mayer MP,
Lima LA. Persistence of Helicobacter pylori in the oral cavity after
systemic eradication therapy. J Clin Periodontol 2006;33:329-33.
89. Souto R, Colombo AP. Detection of Helicobacter pylori by
polymerase chain reaction in the subgingival biofilm and
saliva of non-dyspeptic periodontal patients. J Periodontol
2008;79:97-103.
90. Salmanian AH, Siavoshi F, Akbari F, Afshari A, Malekzadeh R.
Yeast of the oral cavity is the reservoir of Heliobacter pylori.
J Oral Pathol Med 2008;37:324-8.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/ © Ranjitkumar Patil, Shailesh M. Gondivkar, Amol R. Gadbail, Monal Yuwanati,
Mugdha Mankar (Gadbail), Manoj Likhitkar, Sachin Sarode, Gargi Sarode, Shankargouda Patil. 2017

8

