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ABSTRACT 
 

Infective endocarditis (IE) associated to oral microorganism is a sub-acute cardiac 

disease that has low incidence but high morbidity and mortality. The development of IE 

is the result of the interaction between microorganisms with extracellular matrix 

molecules, platelets and endocardial cell. The oral cavity provides an ideal 

microenvironment for the growth of multiple bacterial species. Alpha hemolytic 

Streptococcus is the most prevalent group of microorganisms associated with IE, which 

together with other microorganisms of the HACEK group (group of fastidious gram-

negative organisms recognized to cause IE) of the oral biofilm have mechanisms of 

adhesion to endocardial tissue and platelet aggregation that induce a progressive 

development of the heart valves previously affected. 

Oral bacteremia is the most important factor for the development of IE, and its 

incidence is high after oral procedures. However, many patients do not report dental 

treatment previous to the diagnosis; IE could more frequently be associated to oral 

hygiene procedures. Oral streptococci have been widely isolated from patient having 

gingival inflammation or even in healthy patients. However, endocarditis has increased 

significantly in elderly-adult patients, in whom periodontal disease is highly frequent. 

Aggregatibacter actinomycetemcomitans and Eikenella corrodens are highly associated 

to subgingival oral biofilm of periodontal lesions. Several studies, have reported 

difficulties in identifying the oral bacteremia; this chapter reviews bacteremia studies 

after oral procedures and emphasizes in blood culture and molecular methods for the 

identification of oral bacteremia by aerobic, anaerobic and microaerophilic 

microorganisms. This chapter also, reviews the bacterial virulence factors that allow the 

adherence to the damaged endothelium and platelet aggregation, immune and systemic 

responses from the host associated to IE by oral microorganisms and endocarditis 

prevention protocols.  
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1. ORAL MICROORGANISMS AND INFECTIVE ENDOCARDITIS 
 

1.1. Dental Biofilm Formation 
 

The oral cavity provides an ideal microenvironment for the growth of multiple bacterial 

species. The human oral cavity contains more than 700 bacterial phylotypes; the number of 

phylotypes per person as reported ranged from 34 to 72 bacterial species that interact with 

each other and with their host tissues. These complex interactions result in the formation of 

microbial biofilms as dental plaque, subgingival plaque and tongue surface debris (Ass et al. 

2005; Suzuki et al. 2005). Dental plaque is the most studied biofilm and the most common 

form of growth of the bacteria in the oral cavity (Palmer, 2009). The normal flora maintains 

the oral ecosystem equilibrium and reduces the chance of infection by exogenous pathogens. 

However, oral microorganisms may be involved in local or systemic infectious processes, if 

these are associated with dental biofilm as it is the case of Streptococcus sanguinis, Eikenella 

corrodens and Aggregatibacter actinomycetemcomitans involved in infective endocarditis 

(IE). 

 

 

Figure 1. The plaque formation occurs in several stages: A. Formation of the acquired pellicle, B. 

Passive transport of bacteria into the tooth surface, C. Adhesion of primary colonizers, followed by the 

multiplication of bacteria to form a three-dimensionally and organized structure D. Fusobacterium 

nucleatum, serves as a bridge between early and late colonizers, E. Oral biofilm embedded in a matrix 

of polymers of host and bacterial origin (Image design by Maria del Rosario Aya). 

The plaque formation occurs in several stages, starting with the formation of the acquired 

pellicle which occurs in a process of adsorption of saliva proteins to the tooth surface; 

statherin, histatin, proline-rich proteins (PRPs) mucin, alpha amylase, glycosyltransferases 

and secretory immunoglobulin A (IgA), are the most important proteins and glycoproteins 
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present in the dental biofilm. A passive transport of bacteria into the tooth surface covered 

with the film occur initially by a series of physical and chemical interactions that lead to 

reversible adhesion of primary colonizers, followed by the multiplication of bacteria to form a 

three-dimensionally and organized structure. Subsequently, specific interactions occur with 

bacterial adhesins in the pellicle which results in an irreversible binding (Marsh, 2004). 

Bacteria in the biofilm are embedded in a matrix of polymers that prevents the diffusion of 

antibiotics and favors the low response and antibiotic resistance (Donlan and Costerton, 

2002). The first settlers of the biofilm are mainly aerobic bacterias aerobic and facultative 

anaerobes. Streptococcus spp comprised between 60 and 90% of early plaque, along with 

other microorganisms such as Eikenella spp, Haemophilus spp, Prevotella species, 

Capnocytophaga spp, Propionibacterium spp, and Veillonella spp. Late colonizers are 

Aggregatibacter actinomycetemcomitans, Prevotella intermedia, Eubacterium spp, 

Treponema spp and Porphyromonas gingivalis. Fusobacterium nucleatum, serves as a bridge 

between early and late colonizers (Signat et al. 2011) (Figure 1). 

 

 

1.2. Oral Microorganism Associated to Infective Endocarditis 
 

1.2.1. Streptococcus Viridans Group 

Viridans streptococci are the etiological agents most commonly involved in IE of patients 

who do not use intravenous drugs, causing at least 49.5% of all cases (Baddour et al. 2005; 

Kazuhiko et al. 2008). Streptococcus sanguinis are Gram positive, aerobic facultative and 

members of the Streptococcus viridans group most associated with cases of IE in patients 

with mitral or aortic prosthetic native or defective blood flow which can result in endothelial 

damage, deposition of platelets and fibrin and predisposition to bacterial colonization (Wilson 

et al. 2007). S. viridans are primary colonizers of dental plaque from healthy individuals. 

However, it often affects peripheral circulation associated with bacteremia and sub-acute 

endocarditis. Several virulence factors of this organism are involved in the pathogenesis of 

endocardial infection: 

 

 MSCRAMMs (microbial surface components recognizing adhesive matrix 

molecules): They are part of a larger, almost exclusively gram-positive surface 

protein class typified by covalent linkage to the peptidoglycan (PG) of the cell wall. 

Experiments suggest that these proteins mediate initial colonization and invasiveness, 

respectively, in IE (Turner et al. 2009). 

 PAAP: Some strains of S. sanguinis (phenotype Agg+) show the platelet 

aggregation-associated glycoprotein (PAAP) or class II antigen on their surface. 

Organisms with this phenotype have been associated with large vegetation and more 

severe infections and contribute to the presentation of thrombocytopenia (Herzberg et 

al. 1992; Gong et al. 1995; Erickson and Herzberg, 1995). 

 Pili: This polymeric structure of the cell surface of several species of Streptococcus 

is composed by PilA, PilB and PilC proteins associate to C sortase with adhesion 

capacity to fibronectin contributing to the colonization of surfaces including 

endothelial cell (Zahner et al. 2011; Okahashi et al. 2010). 
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 FcγRIIA: Platelet aggregation depends on glycoprotein (IIb / IIIa (GP IIb / IIIa) and 

thromboxane suggesting a direct interaction between GPIb and Fc receptor from S 

sanguinis (Kerrigan et al. 2002). 

 Exopolysaccharides (Dextranes): It leads to better adherence to platelet-fibrin 

preformed thrombus and constitutes an important virulence factor (Herzberg et al. 

1983). 

 Fimbriae: FimA protein present in fimbriae is also a lipoprotein receptor antigen I 

(LraI). It is considered as an important adhesin to the fibrin matrix and platelets 

within the nonbacterial thrombus (Wilson et al. 2007) 

 Lipoprotein: Systematic analysis of lipoproteins in S. sanguinis have identified a 

single lipoprotein, SsaB, which is critical for early endocarditis virulence. 

Lipoprotein activities that have been suggested to contribute to streptococcal 

virulence include adhesion, posttranslational modification and ATP-binding cassette 

(ABC) - mediated transport required not only for virulence but for mere survival in 

the mammalian host. (Das et al, 2009). 

 

 

Figure 2. Colonies of A. actinomycetemcomitans isolated from patients with aggressive periodontitis 

from TSVB agar. There is an internal structure similar to a star and jagged edges. (Basic Oral Research 

Group – UIBO, 2012 used for research purpose). 
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Figure 3. Colony of E. corrodens isolated from a patient with periodontitis evidences the ability of this 

organism to corrode the Brucella agar. (Basic Oral Research Group – UIBO, 2012, used for research 

purpose). 

 

1.2.2. HACEK Group and Its Implication in Infective Endocarditis (IE)  

HACEK is a group of several fastidious microorganisms known as belonging to the flora 

of the oropharynx and as causing IE. Within this group Haemophilus parainfluenzae, H. 

influenzae, H. aphrophilus, H. paraphrophilus, Aggregatibacter actinomycetemcomitans, 

Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae are found. These Gram-

negative coccobacilli which require specific methods and complex culture to grow are 

responsible of 3% of cases of IE (Brouqui and Raout, 2001). A. actinomycetemcomitans and 

E. corrodens are oral microorganisms of the oral biofilm. A. actinomycetemcomitans is a 

Gram negative cocci non-motile, catalase positive and negative ONPG, described as 

facultatively anaerobic, microaerophilic, and capnophilic. Therefore, it requires 5-10% CO2, 

TSBV agar (Tryptic Soy Serum Bacitracin Vancomycin Agar) for it growth process (Slots, 

1982). Colonies grown after 3 to 5 days of incubation at 37 °C are round and translucent and 

have a structure similar to a star inside. However, sometimes they can have jagged edges 

attached to the agar (Figure 2). A. actinomycetemcomitans reaches the heart valves by 

bacteremia usually following routine periodontal procedures such as scaling and root 

planning, tooth brushing and flossing in children and adults (Paturel et al. 2004). This 

microorganism is associated with early onset periodontal disease present in young patients 

(aggressive periodontitis) and severe chronic periodontitis in adult patients (Mombelli et al. 

2002). A. actinomycetemcomitans has been reported in cases of endocarditis with negative 

blood culture and valve replacement (Westling and Vondracek 2008). It can also spread to 

other tissues of the organism causing distant abscesses complicating the clinical picture 



G. Inés Lafaurie, D. Marcela Castillo, M. Consuelo Romero-Sánchez et al. 120 

(Moradi et al. 2006). A. actinomycetemcomitans presents virulence factors such as membrane 

proteins and fimbriae that promote adherence to tissues and has the ability to invade epithelial 

and endothelial cells. It has three genes that encode molecules which favor the invasion of the 

endothelium, the ompA gene which encodes a highly antigenic protein, like the prx gene 

encoding an antioxidant molecule and the mip gene coding for a possible invasion enhancer to 

endothelial cells (Maeda et al. 2010; Henderson et al. 2003). A. actinomycetemcomitans can 

also have a cluster of seven genes tadABCDEFG that promote adhesion and aggregation of 

the microorganism to different tissues that occurs mainly in strains that do not possess 

fimbriae (Kachlany et al. 2000). E. corrodens has been isolated in infections such as 

empyema, lung infections, brain abscesses, necrotizing fasciitis, and endocarditis after dental 

procedures (Miller et al. 2007; Wong et al. 2005). E. corrodens is a Gram negative facultative 

anaerobic, stationary, catalase negative and its identification is based primarily on 

morphological characteristics of colonies characterized by its ability to corrode the agar 

(Figure 3). Brucella agar supplement with vitamin K and hemin in anaerobic atmosphere and 

incubation with an oxygen concentration below 1%, at 36 ° C for 7 days is the preferred 

method for growth. Another selective media for their growth is Todd-Hewitt agar 

supplemented with clindamycin 5μd, specifically to quantify this microorganism (Decker et 

al. 1986; Slee et al. 1978). E. corrodens can adhere to tissues by fimbriae (Wu et al. 2001). It 

features an N-acetyl-D-galactosamine (GalNAc) specific lectin that mediates the adhesion of 

bacteria to different tissues (Matsunaga et al. 2011). 

 

 

2. INCIDENCE DE INFECTIVE ENDOCARDITIS (IE) ASSOCIATED WITH 

AN ORAL MICROORGANISMS 
 

Staphylococcus aureus and viridans streptococci are the most common causative 

organisms of IE in the population. In the United States the incidence of IE has been reported 

to range from 5.0 to 7.9 cases per 100,000 person-years (Tleyjeh et al. 2005; de Sa et al. 

2010). IE caused by viridans streptococci was the most common with an annual adjusted 

incidence of 1.7 to 3.5 cases per 100,000; in comparison, IE due to S. aureus had an annual 

adjusted incidence of 1.0 to 2.2 cases per 100,000 (Tleyjeh et al. 2005). A systematic review 

has evaluated the changes on the incidence of S. aureus and S. viridans group in some 

countries of Europe and the United States. Although the results of the analyses suggest no 

overall side temporal trends in S. aureus or viridans streptococci-induced IE, a heterogeneous 

pattern of temporal change in IE-causative organisms exists in some countries. The direction 

of the overall trend was an increase in viridans streptococci-induced IE and a decrease in S. 

aureus. The proportions of S. aureus and viridans streptococci IE ranged from 12.2 to 33.9% 

and from 6.8 to 45% respectively (Tleyjeh et al. 2007). 

The prevalence of HACEK group-induced IE has been reported between 2% to 6% 

(Loupa et al. 2004, Ferreiros et al. 2006). The HACEK group is particularly important by 

their fastidious nature and their association with IE with negative blood culture; the 

prevalence of negative culture in IE has been reported in several studies between 5.2% to 25 

% (Watanakunakorn and Burkert, 1993; Hoen et al. 2002; Ferreiros et al. 2006; Cecchi et al. 

2004). Failure to culture a causative microorganism in IE derives from the administration of 

antimicrobials prior to sampling, but may also be derived from IE caused by fastidious or 
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slow-growing microorganisms. The clinical presentation of HACEK endocarditis does not 

differ significantly from one microorganism to another, but there are some unique indicators 

that could help direct physicians towards the identity of the precise infectious agent. In 

particular, IE endocarditis should be suspected in patients with underlying cardiopathy who 

present with a subacute or chronic illness (Pare et al. 2004). The IE due to HACEK group 

should be suspected in cases in which fastidious Gram-negative coccobacilli are isolated 

which fail to grow on MacConkey agar. In such cases, incubation of blood cultures should be 

continued for at least 3 weeks, with weekly subculture onto chocolate agar, which in turn 

should be incubated for 3 weeks in air plus 5% carbon dioxide (Houpikian and Raoult, 2005). 

 

 

3. RISK FACTORS ASSOCIATED TO INFECTIVE ENDOCARDITIS 
 

In the past, IE was a disease that commonly affected patients with predisposing valvular 

abnormalities caused by rheumatic carditis. This group of at-risk patients is, however, being 

surpassed in developed countries by new at-risk groups, including injection drug users, 

elderly people with valvular sclerosis, patients with cardiovascular prostheses, those with 

nosocomial exposure, and hemodialysis patients (Tleyjeh et al. 2007). However, the clinical 

profile of IE has also changed in non- developed countries. Patients with IE are older and 

have a higher frequency of underlying heart disease, degenerative valve disease, and 

prosthetic valve IE than previously (Ferreiros et al. 2006). These risk groups, particularly 

patients with heart disease have shown a higher prevalence of periodontal disease. Different 

epidemiologic studies have reported a risk association between periodontal disease and acute 

myocardial infarction and stroke (Janket et al. 2003; Khade et al. 2004; Bahekar et al. 2007; 

Humphrey et al 2008; Blaizot et al. 2009). Recently a study with a large sample 

of people belonging to the National Study of Health and U.S. Nutrition Examination Survey 

(NHANES III) showed an association between death from cardiovascular disease 

with periodontitis assessed by clinical parameters and inflammatory markers in men 

between 30 to 74 years, HR 1.64 (IC95 1.25, 2.15), indicating that periodontal disease may be 

a predictor of mortality in adult patients (Xu and Lu, 2011). HACEK-induced IE was 

frequently associated with prosthetic heart valves or structural heart abnormalities and 

periodontal disease seems to be a predisposing factor (el Khizzi et al. 1997). 

HACEK group is highly associated with periodontal disease; E. corrodens is significantly 

increased in subgingival plaque of patients with chronic and aggressive periodontitis (Botero 

et al. 2007; Colombo et al. 2009). A. actinomitemcomitans is also highly isolated 

in aggressive periodontitis compared to patients without periodontal disease (OR 6.4 IC95 

1.77-11.6) (Lafaurie et al. 2007). The high prevalence of bacteremia by caused by the 

HACEK group after periodontal treatment will be later discussed in this chapter. 

 

 

4. BACTEREMIA BY ORAL MICROORGANISMS 
 

In clinical trials transient bacteremia has been reported after different preventive dental 

procedures and periodontal therapy. It is believed that the frequency and intensity of 

bacteremia, bacterial density and the degree of inflammation or infection of some sites in the 
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oral cavity are related to the nature and extent of tissue trauma dental support (Wilson et al. 

2007). Bacteremia has been reported after tooth brushing (Sconyer et al. 1973; Caroll et al. 

1980; Schlein et al. 1991; Kinane et al. 2005; Forner et al. 2006), flossing (Caroll and Sebor 

1980; Castra et al. 2009), chewing (Everett et al 1977; Forner et al 2006), subgingival 

irrigation (Waki et al. 1996), scaling (Heimdahl et al. 1990; Kinane et al. 2005; Forner et al. 

2006), scaling and root planing (Lazansky et al. 1949; Conner et al. 1967; Messini et al. 

1999, Lafaurie et al. 2007), periodontal surgery (Lockhart et al. 1996) dental extractions 

(Everett et al. 1977; Head et al. 1984; Heimdahl et al. 1990; Vergis et al. 2001; Lockhart et 

al. 2004; Roberts et al. 2006), and dental implants surgery (Bölükbaş et al. 2012). However, 

the results showed great variability due to the techniques used, timing for blood sample 

collection and identification methods for isolated microorganisms. Table 1 shows the 

frequencies of bacteremia report for the different procedures by the American Heart 

Association (AHA) guidelines for prevention of infective endocarditis in 2007. Invasive 

procedures such as tooth extraction and periodontal procedures such as scaling and root 

planning and periodontal surgery procedures show higher frequency of bacteremia. However, 

high frequency of bacteremia after routine oral hygiene procedures has also been reported. It 

is not clear if dental treatments result in a magnitude of bacteremia greater than that which 

results from routine daily activities such as chewing food, tooth brushing, or flossing (Wilson 

et al. 2007). A systematic review of the influence of oral hygiene, gingival and periodontal 

status on the development of bacteremia showed that plaque accumulation and gingival 

inflammation scores significantly increased the prevalence of bacteremia following tooth 

brushing OR 2.61 (95% CI 1.45-4.69) and pooled OR 2.77 (95% CI 1.50-5.11) (Tomas et al. 

2012). The AHA guides emphasize maintenance of good oral hygiene and access to routine 

dental care as likely to be more important in reducing the risk of IE (Wilson et al. 2007). 

Methods have been developed to assess the magnitude of bacteremia by quantifying 

colony forming units (CFU) using Lysis-Filtration (Heimdahl et al. 1990). The method of 

lysis filtration permits to detect bacteremia more frequently in dental extraction than the 

BACTEC® blood culture system. 

 

Table 1. Dental procedures related to bacteremia 

 

Dental procedure % 

Tooth extraction 10-100 

Periodontal surgery 36-88 

Scaling and root planning 8-80 

Teeth cleaning  up to 40 

Rubber dam matrix/wedge placement  9-32 

Endodontic procedures Up to 20 

Routine daily activities unrelated to a dental procedure 

Tooth brushing and flossing  20-68 

Use of wooden toothpicks  20-40 

Use of water irrigation devices  7-50 

Chewing food  7-51 

Adapted from American Heart Association (AHA). Guidelines For Prevention of Infective Endocarditis 

(Wilson et al. 2007). 
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The intensity of bacteremia detected by this method prior to dental extraction in children 

was 3.6 CFU / mL and after dental extraction 5.9 CFU / mL (Lucas et al. 2002). Roberts et 

al., in 2006 reported 2.9 UFC/6mL at 10 minutes post-extraction, 0.5 UFC/6mL at 30 minutes 

and 1UFC/6mL at one hour of procedure. These findings suggest that IE may be caused by 

low levels of bacteria that survived bacteremia. 

The duration of bacteremia varies in different reports but most report a time of 15 

minutes. However, viable bacteria isolated in blood cultures have been reported even 30 

minutes after the tooth extraction procedure (Lockhart et al. 2004; Roberts et al. 2006). Most 

procedures generate mixed bacteremias and aerobic and anaerobic microorganisms. The 

Streptococcus viridans group is the most isolated microorganism group during bacteremia 

after oral hygiene procedures and dental procedures (Forner et al. 2006; Tomas et al. 2007). 

E. corrodens bacteremia is common in patients with periodontal disease after scaling and root 

planing (Lafaurie et al. 2007). However, few studies have reported A. actinomycetemcomitans 

from blood culture during bacteremia in patients with periodontal disease. This fact may be 

due to the difficulties inherent to the cultivation of A. actinomycetemcomitans requiring high 

concentrations of CO2 and the use of selective media, such as the TSVB (Slots, 1982) or the 

Dentaid-1 medium (Alsina et al. 2001). It is likely that the anaerobic blood culture methods 

currently used do not allow the growth of this bacteria or that high numbers are required in 

order to yield a positive identification. To enable growth of this bacterium, blood cultures 

should be maintained for 2-3 weeks in a CO2-rich atmosphere. Our group has developed a 

methodology for the identification of A. actinomycetemcomitans by molecular techniques. A 

nested DNA technique detected 21.4% of A. actinomycetemcomitans in blood during 

bacteremia (Castillo et al. 2011). Molecular techniques could be an alternative to confirm the 

presence of microorganisms of the HACEK group in negative blood cultures in IE. Multiple 

blood cultures and cultures from heart valve can be negative. Paturel et al., in 2004 reviewed 

102 cases reported with of IE associated to A. actinomycetemcomitans. Although the culture 

was positive for A. actinomycetemcomitans in most cases, other used cardiac vegetation 

culture and molecular techniques for identification. Westling and Vondracek in 2008, report a 

case of IE caused by A. actinomycetemcomitans diagnosed by PCR/16S from the heart valve. 

Molecular biological methods are useful to diagnosis and choose an optimal antibiotic 

treatment post-surgery. 

 

 

5. INTERACTION BETWEEN THE BLOODSTREAM PATHOGEN 

WITH MATRIX MOLECULES AND PLATELETS AT SITES 

OF ENDOCARDIAL CELL DAMAGE 
 

Platelets are the earliest and most abundant cells present at vascular sites of trauma or in 

the setting of infections involving the vascular endothelium (Diacovo et al. 1996; Larsen et 

al. 1989). Platelets express specific receptors for agonists and ligands associated with 

activated endothelial cells or exposed subendothelial stroma resulting from injury or 

infection. Ligands recognized as platelet membrane glycoprotein receptors including 

collagen, fibronectin, laminin, vitronectin and the peptide receptor for thrombin (Ruggeri et 

al. 2006). Contact with blood prompts the subendothelial stroma to release thromboplastin to 

tissue factor (Youssefian et al. 2002). Tissue factor facilitates an ensuing cascade of 
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proteolytic reactions associated with the intrinsic coagulation pathway, ultimately leading to 

thrombin generation the most potent of all platelet agonists (Youssefian et al. 2002; Ruggeri 

et al. 2006). 

There are three different types of interactions between the bacteria and platelets (Kerrigan 

et al. 2009). 

 

1. Direct interaction: bacteria express proteins that interact directly with a platelet 

surface receptor that act as agonist on the platelet receptor. 

2. Indirect interaction: Bacteria bind a plasma protein that acts as a bridge and is a 

natural ligand for a platelet receptor. 

3. Secreted products: bacteria also have the potential to secrete products that can in turn 

directly activate platelets. 

 

About 60% of strains in the sanguis group Streptococcus induce platelets aggregation in 

vitro. The data are consistent with a thrombogenic role for S. sanguis to the development of 

the vegetative lesion in infective endocarditis (IE) (Herzberg et al. 1983; Herzberg et al. 

1990; Herzberg et al. 2005). Although streptococcal and S. aureus IE share the same primary 

site of infection, their pathogenesis and clinical evolution presents differences. Streptococci 

adhere to cardiac valves with pre-existing endothelial lesions. In contrast, S. aureus can 

colonize either damaged endothelium or invade physically intact endothelial cells (Moreillon 

et al. 2002). S. sanguis expresses a platelet aggregation-associated protein (PAAP), which 

contributes to adhesion to platelets. PAAP is synthesized as a115-kDa N-asparagyl-linked 

glycoprotein (Herzberg et al. 1990). Cross-reactive immunodeterminants on a fibril-

associated surface antigen of S. sanguis and types I and III collagen participate in the 

induction of aggregation of human platelets (Erickson et al. 1992). High molecular weight 

glycoprotein of S. sanguis (glycoprotein serine-rich protein A -SrpA) mediates adhesion to 

glycocalacin (Plummer et al. 2005). SrpA of S. sanguis showed significantly reduced binding 

to glycocalacin, reduced adherence to platelets and a prolonged lag time to platelet 

aggregation (Kerrigan et al. 2002). Activation and aggregation of platelets in response to S. 

sanguis are potentiated by plasma catecholamines (Herzberg et al. 1993). PAAP-mediated 

platelet aggregation may also be potentiated through a2-adrenoreceptors on platelets 

(Herzberg et al. 1993). The platelet response to S. sanguis is sensitive to changes in the 

physiological levels of endogenous catecholamines. The rate of aggregation of platelets from 

different normal donors in response to S. sanguis is directly related to endogenous and 

exogenous catecholamine concentrations (Herzberg et al. 1993). Type IV collagen is exposed 

on the basement membrane of denuded endothelium and types I and VI collagen and elastin 

constitute the principal proteins of the acellular connective tissue of the heart valves. Smaller 

amounts of fibronectin may be present, perhaps adsorbed from blood. The connective tissues 

and fibronectin may contribute to adhesion and colonization of bacteria in endocarditis 

(Hamill et al. 1987; Lowrance et al. 1990). Bacteremia would then induce the formation of 

septic, colonized vegetations, which are larger when PAAP+ strains are evident. IE is marked 

by signs and symptoms of sepsis, septic embolization and infarction of distal organs and 

blood vessels, secondary hemorrhage, and variable cardiac findings. While colonization may 

be aborted if the infecting bacteria are sensitive to treatment with antibiotics can result in a 

healed lesion. Healing may be accompanied by residual scarring or other valvular 
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abnormality. Consequently, previous history of endocarditis is a risk factor for future 

occurrence (Herzberg et al. 1996). 

 

 

6. PREVENTION OF IE 
 

6.1. Effectiveness of Antibiotic Prophylaxis for Prevention of IE  
 

The effectiveness of antibiotics in reducing bacteremia was evaluated in different studies. 

Amoxicillin has a significant impact on the incidence, nature, and duration of bacteremia after 

nasal intubation, dental restorative and cleaning procedures, and dental extractions but it does 

not eliminate the bacteremia (Lockhart et al. 2004; Diz et al. 2006). Mouth rinses with 

chlorhexidine do not significantly alter the number of positive blood in bacteremia (Lockhart 

et al. 1996). The evidence level supporting the effectiveness of antibiotic prophylaxis for 

prevention of IE is very low. The Cochrane Collaboration in 2008 conducted a systematic 

review to evaluate the evidence supporting the effectiveness of antibiotic prophylaxis is given 

or not at risk for IE, in patients with invasive dental treatment. No randomized controlled 

trials (RCTs), controlled clinical trials (CCTs) or cohort studies were included. One case-

control study reached the inclusion criteria (Van der Meer et al. 1992). It collected all the 

cases of endocarditis in The Netherlands for over 2 years, finding a total of 24 people who 

developed endocarditis within 180 days of an invasive dental procedure, definitely requiring 

prophylaxis according to current guidelines and who were at increased risk of endocarditis 

due to a pre-existing cardiac problem. Controls attended local cardiology outpatient clinics 

for similar cardiac problems, having undergone an invasive dental procedure within the past 

180 days and being matched by age with the cases. The odds of developing endocarditis in 

those receiving prophylaxis compared with those not receiving prophylaxis were OR 1.62, 

95% CI 0.57 to 4.57. Two other case-control studies with less validity showed no significant 

protection of prophylaxis against endocarditis (Imperiale and Horwitz, 1990; Lacassin et al. 

1995). These negative results may be influenced by low sample size. The analysis group 

recommends new studies in a large group of population. However as the incidence of 

endocarditis is so low, a randomized controlled trial, run for over 2 years, would require 

approximately 60,000 patients with a cardiac risk factor for endocarditis (a cohort study over 

10 years would require approximately 18,000 patients). Such a trial would require an intense 

international effort (Oliver et al. 2008). 

 

 

6.2. Antibiotic Prophylaxis for Prevention of Infective Endocarditis (IE) 
 

According to the AHA, it is not clear which dental procedures are more or less likely to 

cause a transient bacteremia or result in a greater magnitude of bacteremia than that which 

results from routine daily activities such as chewing food, tooth brushing, or flossing or from 

neglect of good oral hygiene and oral care (Wilson et al. 2007). The consensus group decision 

of American Heart Association (AHA) in 2007 established that antibiotic prophylaxis should 

still be recommended in high-risk cardiac patients (predominantly with prior endocarditis or 

prosthetic valves) having high-risk dental procedures. However, in 2008, the National 
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Institute for Clinical Excellence (NICE) committee has recommended no antibiotic cover for 

any patients previously classified as 'at risk' of infective endocarditis (IE). AHA guidelines 

for prevention of IE change the recommendations from 1997. The consensus group 

recommended antibiotic prophylaxis only in the situations listed in Table 2. 

 

Table 2. Cardiac conditions associated with the highest risk of adverse outcome from 

endocarditis for which prophylaxis is recommended 

 

1. Prosthetic cardiac valve 

2. Previous infective endocarditis 

3. Congenital heart disease (CHD) 
*
 

4. Unrepaired cyanotic CHD, including palliative shunts and conduits 

5. Completely repaired congenital heart defect with prosthetic material or device, whether 

placed by surgery or by catheter intervention, during the first six months after the 

procedure 
†
 

6. Repaired CHD with residual defects at the site or adjacent to the site of a prosthetic 

patch or prosthetic device (which inhibit endothelialization) 

7. Cardiac transplantation recipients who develop cardiac valvulopathy 
*
 Except for the conditions listed above, antibiotic prophylaxis is no longer recommended for any other 

form of CHD. 
†
 Prophylaxis is recommended because endothelialization of prosthetic material occurs within six 

months after the procedure. 

American Heart Association (AHA). Guidelines For Prevention of Infective Endocarditis (Wilson et al. 

2007). 

 

Table 3. Recommended prophylaxis by American Heart Association (AHA) 

 

Situation Agent Adults Children 

Oral Amoxicillin 2 g 50 mg/kg 

Unable to Take Oral 

Medication 

Ampicillin 

OR 

Cefazolin or 

ceftriaxone 

2 g IM or IV 

 

1 g IM or IV 

50 mg/kg IM 

or IV 

50 mg/kg IM 

or IV 

Allergic to penicillin or 

Ampicillin oral 

Cephalexin‡§ 

OR 

Clindamycin 

OR 

Azithromycin or 

clarithromycin 

 

2 g 

600 mg 

 

500 mg 

 

50 mg/kg 

20 mg/kg 

 

15 mg/kg 

Allergic to penicillin or  

ampicillin and unable to 

take  

oral medication 

Cefazolin or 

ceftriaxone§ 

OR 

Clindamycin 

1 g IM or IV 

600 mg IM or 

IV 

50 mg/kg IM or IV 

20 mg/kg IM or IV 

Single dose 30-60 minutes before procedure 

American Heart Association (AHA). Guidelines For Prevention of Infective Endocarditis (Wilson et al. 

2007). 
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6.3. Dental Procedures for which Endocarditis Prophylaxis Is Recommended 

by American Heart Association (AHA) 
 

Many dental procedures involve manipulation of gingival tissue or the periapical region 

of teeth or perforations of the oral mucosa are recommended for prophylaxis. Following 

dental procedures do not need prophylaxis: Routine anesthetic injections through non-infected 

tissue, taking of dental radiographs, placement of removable prosthodontic or orthodontic 

appliances, adjustment of orthodontic appliances, placement of orthodontic brackets and 

shedding of primary teeth. Table 3 shows the recommended prophylaxis by AHA before the 

oral procedures for prevention of IE. 

 

 

CONCLUSION 
 

The incidence of IE associated to oral bacteremia has increased in recent years. Evidence 

suggests that bacteremia by oral microorganisms may be due not less to routine daily 

activities than to dental procedures. Patients often can cause bacteremia by chewing, brushing 

and flossing when the gingiva is swollen. Poor oral hygiene and gingival inflammatory status 

are factors favoring the bacteremia. Patients with risk to IE must undergo a rigorous oral 

hygiene program and routine dental care. These programs should be emphasized by 

cardiologists and dentists to achieve a reduction in the incidence of IE. Cardiologists and 

dentists must adhere to the guidelines of the AHA and avoid over medication of antibiotics in 

these patients. An interaction between cardiologists and dentists is desirable. 
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