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Abstract
Introduction: Bacteria that may be found in tooth plaque may multiply in tremendous amounts such that they can cause gingivitis
(gum infection and bleeding). When gums bleed, there are probabilities that bacteria can enter the bloodstream and infect other

body parts. Endocarditis affects the inner lining of the heart. Antibiotic prophylaxis against infective endocarditis is recommended
in dental procedures to ensure that dental infections are not implicated in infections in other parts of the body, especially the heart.

Dental professionals are conversant with the application of antibiotic prophylaxis as a potent remedy in the control of dental dis-

orders, especially those that cause bleeding in the mouth (Kobayashi, 2019). However, it is vital to note some dentists get confused
regarding the nature of and indications for antibiotic prophylaxis. Certain situations require expert opinion to prevent the occurrence
of harmful effects when an infection occurs [1]. The onset of microbial endocarditis, the pathogenesis, symptoms and outcomes,
epidemiological analyses, and recommendations on the treatment using different antimicrobial agents are pertinent facts to this pa-

per. Moreover, the implementation of antimicrobial treatment against infective endocarditis is a process that requires attentive care
because of the side-effect profiles of certain antibiotics on patients [2].

Objective: To examine carefully the prophylactic antibiotics to prevent endocarditis associated with dental procedures.
Methods: Different papers are analyzed.

Conclusion: Engage weaker antimicrobial agents before using the stronger ones. That ensures that the problem of resistance to
antibiotics is eliminated.
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Introduction
Infective endocarditis refers to the infection of the endocardial surface of the heart that affects one or more valves of the heart. The

disease is characterized by effects that may negatively impact the mural endocardium and the septa of the heart. In dentistry, infections

from bacteria result in infective endocarditis. That is because when a patient is suffering from a bacterial gingivitis, bleeding may take
place in the gums of the patient [3]. The bleeding may, in turn, lead to the transfer of the bacteria to heart tissue through inclusion into the

systemic circulation [4]. The disease affects both adults and children. Epidemiological studies [5] on infective endocarditis have unraveled that the disease is rare in occurrence and that this finding pertains to general populations Infections of the endocardium can be life-

threatening and target the valves of the heart. Infective endocarditis has shown significant morbidity implicated in heart surgery for half

of the patients that have suffered from infective endocarditis. It has been established that infective endocarditis emanates from bacteria
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that invade the mucosal cells of the buccal cavity [6]. According to Sunnerhagen, aerococci are one of the virulent bacteria known to cause
infective endocarditis (Appendix 1 and 2) adapted from Brouqui and Raoult [7].

Appendix 1: Microbiology of infective endocarditis (Adapted from Fowler., et al. 2005) [8].

Appendix 2: Risk factors for specific pathogens that cause infective endocarditis (Adapted from Brouqui and Raoult, 2001) [7].
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Methodology
Search strategy

Several electronic databases were searched for relevant literature. These databases include Medline, Google Scholar, Journal of Clinical

Medicine, and Joanna Briggs Institute. Vast search was conducted within the websites to ensure that appropriate journals were located.

Keywords used included Antibiotic prophylaxis against Infective Endocarditis, Invasive Dental Procedures that lead to Infective Endocarditis and the Challenges of Antibiotic Prophylaxis. The search terms that were used to locate the items were applied singularly instead

of in groups to be more specific in the search [9]. Additional limits were also put on the search especially the limit of time in which the

articles were published to ensure that most recent literature are used. Concerning this, literatures that are mainly ten years old were considered in the search to ensure that that there were only contemporary literatures. More than twenty five sources were used in this study.

Narrowing down on the sources was done by isolating sources that address the specific parts of this study like epidemiology of infective
endocarditis and prophylaxis.

Epidemiology of infective endocarditis
Evidences of occurrence of infective endocarditis show that the disease is a rare one and that the incidences of its occurrence is be-

tween two to three episodes in a population of 150,000 inhabitants per year in the United Kingdom as shown in appendix 3 [10]. The

incidences of the disease is higher in elderly people because the group of elderly people is often affected by comorbidities such as the high
rate of the overall population ageing, the increased survival rate of patients with congenital and valvular heart disease, and increased use

of prosthetic devices which leads to a higher incidence of infective endocarditis [12]. A third of the patients with infective endocarditis
acquire the disease out in a nosocomial sense (in a health-care environment) such as in a hospital. In the United Kingdom, mortality from

infective endocarditis is relatively low because of the adaptation of health guidelines. According to Shah., et al. [13] mortality in the UK is

one per year. The diagnosis of the disease is done based on both minor criteria and major criteria [14]. Detection of incidents of infective
endocarditis varies because of the varying series for diagnosis such as echocardiography and the oscillating mass [15]. The history of in-

fective endocarditis can be investigated in children and young adults to predict incidences of occurrence of the disease. It has been shown
that chronic rheumatic heart disease is implicated in the incidences of infective endocarditis [16,17].

Appendix 3: Adapted from Lowy., et al. 2004 [11].
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Antibiotic prophylaxis of infective endocarditis
In this case, prophylaxis involves the use of antimicrobial agents to thwart incidental occurrences of infective endocarditis [18]. How-

ever, it is important to consider certain factors that are vital in the administration of antimicrobial agents against infective endocarditis
[19,20]. These factors are based on identification of patients who are at risk of suffering infective endocarditis. Firstly, individuals who
have acquired a disease of the valve of the heart characterized with regurgitation coupled with stenosis. Secondly, those who have ac-

quired cardiomyopathy in hypertrophic levels [21]. Thirdly, individuals who have had infective endocarditis in their medical history even

if the condition had been corrected using surgical procedures [22]. Fourthly, individuals who have suffered from congenital heart disorders. Lastly, individuals who have suffered from a replacement of the valves of the heart owing to infective endocarditis [23].

Prophylaxis against infective endocarditis should, therefore, be carried out using some guidelines that ensure that the outcomes of pre-

vention are favorable (See appendix 4). The first consideration is that antibiotics have potent side-effect profiles that can be deleterious to

the recipients of the drug [24]. Owing to this, it is of vital importance to ensure that the individual who receives the drug cannot develop
lethal conditions owing to the drug. Secondly, the administration of antibiotics should be done with considerations to the development

of resistance to the drug by a certain strain or species of bacteria. That consideration is important in prophylaxis because the drug of a

particular regimen should be outlined clearly. Then alternatives to the drugs against which resistance has been developed will become
feasible. Thirdly, antibiotic prophylaxis should be done in consideration of the underlying conditions of a patient. For example, a patient

who is pregnant may not be given certain antibiotics because some antibiotics are so toxic that they can be implicated in abortion. There-

fore, healthcare professionals should come up with reasonable alternatives that can cater for some complications during prophylaxis [25].

Appendix 4: (Adapted from NICE, 2016) [23].

Concerning infective endocarditis, several considerations must be made in prophylaxis. Patients that have suffered from cardiac le-

sions and are at the risk of developing infective endocarditis should be excluded from antibiotic prophylaxis. The rationale behind this is
that even though they stand a high chance of developing infective endocarditis, they only become intoxicated because they have not been
diagnosed with the infection. Antibiotic remedies are vital in treating active infections caused by microbes [23,26,27].

There are some outstanding guidelines based on recommendations in the administration of prophylaxis against infective endocarditis.

Firstly, the identification of cardiac risk factors should be made. Risk factors predispose the heart tissue to infective endocarditis based on
different factors [28]. Such factors include the likelihood of heart valve replacement, acquired disease of the heart valve that may increase

the risk of invasion by bacteria, possession of congenital heart disease and history of endocarditis. A history of heart problems is an indication of risk to disease development because it may produce an inclination towards the development of infective endocarditis because
traces of infective bacteria may have remained in the patient’s system after treatment [10,15].

During prophylaxis, patient advice should be given to ensure that they can accept the antibiotic regimen for favorable outcomes. There

are four pieces of advice that a patient should be given. Firstly, the benefits and risks of antibiotic therapy should be made articulate to
the patient. The patient should know the risks because that will ensure that they can bear up with the important outcomes of the therapy

much as they benefit from the antibiotics. Secondly, the healthcare professional should be emphatic about the importance of excellent

oral health. That is because infective endocarditis is caused by bacteria that originate from the buccal cavity and invade the tissues of the

heart through systemic circulation [29]. The latter occurs during dental procedures or during oral health practices such as brushing one’s
teeth. Thirdly, the patients should be made to know the symptoms that indicate infective endocarditis to identify them when they show up.
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One of the most important factors which can control the infection is to seek medical advice as soon as possible, yet it has been found ac-

cording to many researchers such as [5,30] that a high rate of infective endocarditis cases are diagnoses within the late stages of infection
which might increase the mortality rate [10]. Lastly, healthcare providers should explain to the patients the risks associated with invasive
procedures in medical interventions [23].

Prophylaxis for patients who are at risk of developing infective endocarditis should be done under some circumstances. Firstly, pa-

tients undergoing dental procedures stand risks of developing infective endocarditis and should, therefore, be put on prophylaxis. That

is because most dental problems emanate from infections by bacteria. Antibiotics should be administered to ensure that chances of
developing infective endocarditis are reduced [16,17]. Secondly, incidences of infection should be diagnosed and treated promptly to

minimize the risk of developing endocarditis. Thirdly, individuals who have undergone surgical procedures in other body systems such as
the genitourinary tract should receive antibiotic treatment promptly because bacteria that cause endocarditis can enter through surgical
wounds and create disease development.

Results

Tables of results (See appendix 5) indicate that there is a wide variety of microbes that cause infective endocarditis which were the

same findings reported by Ghosh., et al [31]. Some of the common pathogens that cause infective endocarditis are streptococcus, aero-

cocci, and staphylococcus. Of note is that specific antibiotics that are used in the treatment of infective endocarditis are shown in the
table which is adopted from Tafreshi., et al [32]. These are the penicillins (amoxicillin) and cephalosporins (cephalexin). The clearance

of bacteria from the tissues of the heart is expected when antibiotics are administered to the patient as antibiotics inhibit microbial cell
growth and multiplication.
Procedure

Common pathogens

Dental

Viridans group streptococci

Drug of
choice

Adult dose

Penicillin
hypersensitivity
drug of choice

Adult dose

Amoxicillin

2 gr p.o.

Clindamycin

600 mg

Vancomycin*

1 gr i.v.

1-1.5 gr

Vancomycin*

1.5 gr

Clindamycin
Vancomycin*

600 mg

Amoxicillin/
ampicillin
Second line
Cephalexin

Implantable cardiac electronic device insertion
Procedure in infected/
colonized tissue

Staphylococci (methicillin-sensitive)
Staphylococci (methicillin-resistant)

Cefazolin/ceftriaxone
Cefazolin

2 gr i.m./i.v.
2 gr p.o.

1 gr i.m./i.v.

Respiratory

Staphylococci

Cefazolin

1 gr i.v.

Genitourinary or gastrointestinal

Enterococci

Amoxicillin/
ampicillin

2 gr i.m./i.v.

Beta-hemolytic streptococcus

Cephalexin

Skin

Staphylococci

Staphylococci (methicillin-resistant)

Amoxicillin

Cefazolin/ceftriaxone
Vancomycin*

2 gr i.m./i.v./
p.o.
2 gr p.o.

1 gr i.m./i.v.

1-1.5 gr

Vancomycin*

1-1.5 gr

Vancomycin*

1-1.5 gr

Clindamycin

600 mg

1-1.5 gr

Appendix 5: Showing results of antibiotic prophylaxis against infective endocarditis.
* Vancomycin should be given as a slow infusion 1 gr/hr dose. Initiate infusion 60 - 90 minutes
before the procedure (Adapted from Tafreshi., et al. 2007) [32].
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The graphs (Figure 1-3 adapted from Levison and Levison 2009 [33]) indicate the relationships in the interactions of microbes and

antibiotics (Appendix 5). The first graph shows the relationship between the concentration of antibiotic at the site of infection and the

number of bacterial cells. The effectiveness of the antibiotic is directly proportional to a lower number of bacterial cells at the site of infection. The second graph shows the concentration of antibiotics in blood plasma per hour. The latter relationship is vital because it is an

indication of whether or not there will be a sufficient concentration of antibiotics in systemic circulation to clear the bacteria responsible
for the infection. The last paragraph shows the rapid distribution phase of the antibiotic and its clearance from the system.

Figure 1: A graph showing the relationship between antibiotic concentration and bacterial count at the
site of infection depending on the dose of the antibiotic. Adapted from Levison and Levison 2009) [33].

Figure 2: A graph showing the concentration of antibiotics (in mg/L) in blood plasma per hour
(Adapted from Levison and Levison 2009) [33].
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Figure 3: A graph showing the relationship between plasma concentration of antibiotics administered
against infective endocarditis against time. The graph shows the elimination phase of the antibiotic and the rapid
distribution phase (Adapted from Levison and Levison 2009) [33].

Discussion
Incidences of antibiotic resistance in developing countries are a significant cause of prevention to the development of strategies in

prophylaxis that can be applied globally in individuals who have suffered from infective endocarditis [12]. Therefore, the use of antibiotics
to prevent the occurrence of infective endocarditis cannot be universally achievable. Additionally, continued use of antibiotics in different places on the globe has been found to result in resistance expressed by microbes against the particular drugs that have been applied

[26,27]. The latter is related to infective endocarditis because the disease is caused by bacteria that enter the circulatory system in the
case that invasive dental procedures that lead to bleeding causing infective bacteria to enter into the systemic circulation. Consequently,
the bacteria can invade the tissues of the valves and septa of the heart, causing infection [33].

The search criteria employed in this report are appropriate because the two approaches are used to ensure that proper literature is

searched. Firstly, relevant keywords are used in the electronic databases to give commendable results. Albeit, the keywords are used,

there is also the element of narrowing down on the search to provide the articles most appropriate for the search [34]. That ensures that

the search done is not bereft of that which pertains to antibiotic prophylaxis issues. The search gave data in tabular form as well as in
graphical form. The data has been used in the results and appendices section of this report.

The results comprise tables and graphical data which show the relationship between parameters such as time and concentration of

antibiotics and their potent effects in preventing the growth of bacterial vegetation on the tissues of the heart as a mechanism for prevention. The results give a totalitarian measure of the bacteria that have been implicated explicitly in the causation of infective endocarditis

and even mention them. The most common species is the Staphylococci. Epidemiological studies on infective endocarditis have shown
that the disease is much prevalent among the elderly than the young, especially in the United Kingdom and Europe [12]. The reason why

the disease is common among the elderly is that they are more predisposed to risk factors than children and young adults. The primary
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risk factors for infective endocarditis are dental procedures such as invasive dental surgery and brushing of teeth in individuals who have
contracted dental diseases such as gingivitis [35]. Mortality incidences are low in developed countries with annual data of a single death
in the UK.

Critical analysis
Antibiotic prophylaxis against infective endocarditis is instrumental in the elimination of virulent microbes that cause infective en-

docarditis from the body. When using antibiotics, there are specific parameters that are vital to ensuring that the outcomes are favorable

in eliminating the bacteria from the invaded tissue. Firstly, the concentration of the antibiotic in blood plasma per unit time is indicative of the bioavailability of the drug to the infected tissues. When the antibiotic is available to the infected tissues, their activity against

microbes will be made manifest, unlike when the drug is unavailable. According to Loyola., et al. [36] the bioavailability of drugs used
in the prevention of infective endocarditis through prophylaxis is an essential consideration because it ensures antimicrobial action can
easily be mounted. In the last graph, two aspects of the antibiotic prophylaxis are addressed. Firstly, the distribution of the drugs in blood

plasma and body tissues is addressed. When the antibiotic is adequately distributed in the blood and body tissues, the drugs can easily be

absorbed into the tissues that have been affected by the virulent microbe. Secondly, the clearance of the drug from the body system is addressed. The removal of drugs from body tissues is essential because it prevents the building up of the drugs to toxic levels. The toxicity of
drugs should be checked during prophylaxis and is a crucial element of drug pharmacokinetics [37]. Breakdown of antibiotics in the liver

is a step that the body carries out to ensure that toxicity is eliminated because of the detrimental effects it has on the body tissues [33].
Therefore, in this study, these parameters of pharmacodynamics and pharmacokinetics of drugs are considered.

Since the year 2010, the World Health Organization has led tremendous ways of ensuring that global response against infective endo-

carditis is mounted through antibiotic prophylaxis. International collaboration spearheaded by WHO to bring the disease to an end has

been proven to be utterly vital through recognition of interdependence among states to end incidences of the disease. Currently, the consumption of antibiotics is well established across the UK [38]. Albeit, there are impediments in the collection of evidence that highlights
feasible prevention strategies that can be applied globally. According to Ayukekbong (2017), there is the threat of antimicrobial resistance
in developing countries which determines why the latter is infeasible.

Conclusion

The infection is characterized by effects that may negatively impact the mural endocardium and the septa of the heart. Besides, in

dentistry, infections from bacteria as the causative agents have been implicated in the causation of infective endocarditis. That is because
when a patient is suffering from a bacterial infection such as gingivitis, bleeding may take place in the gums of the patient. The bleeding

may, in turn, lead to the transfer of the bacteria to heart tissue through inclusion into the systemic circulation [39]. The disease affects
both adults and children. Epidemiological studies on infective endocarditis have unraveled that the disease is rare in occurrence and that
this finding pertains to general populations. Infections of the endocardium can be life-threatening and target the valves of the heart [40].

Infective endocarditis results from cases of invasion of the heart tissues, especially the septa and valves by bacteria that enter systemic
circulation from the mouth during dental procedures that cause bleeding of gums. Conventional methods of offering health to the mouth,

especially teeth cleaning by brushing is also implicated in the causation of infective endocarditis (See appendix 2). Antibiotics are drugs

that eliminate virulent bacteria from the body of an individual who has suffered an infection. Antibiotics are used depending on their
strength to inhibit the development of a particular pathogenic microbe, especially bacteria. When carrying out antibiotic prophylaxis

against bacteria that are involved in the causation of infective endocarditis, it is noteworthy to engage weaker antimicrobial agents before
using the stronger ones. That ensures that the problem of resistance to antibiotics is eliminated [23].

Prophylaxis is preventive against disease occurrence, especially when risk factors have been implicated and antibiotics have a side-

effect profile that should be made known to patients who use them [41].
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Several recommendations are crucial to dealing with infective endocarditis. Future research should be centered on these recommen-

dations. Besides, it is recommendable that more research is required in the field of epidemiology of microbes that cause infective endocarditis. That is because there are still two things that healthcare professionals have not discovered about infective endocarditis. Firstly,

the risk implicated in developing infective endocarditis in individuals suffering from diseases of the valve and congenital diseases of the

heart is unknown. Secondly, the level of bacteremia emanating from non-oral activities in day-to-day activities, and their frequency is

unknown. The last recommendation is that individuals who used chlorhexidine mouth wash should not be given antibiotic prophylaxis
against infective endocarditis (See appendix 6).

Appendix 6: (Adapted from McDonald, 2009) [15].

Recommendations
Future research on how infective endocarditis can be controlled requires that considerations centered on ways of managing the dis-

ease be pursued with prompt. Dental treatment involving invasive procedures is a causative factor in the occurrence of infective endocarditis. The first recommendation concerning antibiotic prophylaxis against infective endocarditis is that the effectiveness of an antibiotic

regimen given before invasive dental procedures is not trustworthy. That is because the bacteria responsible for the causation of infective
endocarditis can invade one’s system only after the individual has had an invasive dental surgery [29]. The recent evidence is valid to a
high probability. Still, it may not always be true except in cases whereby an individual has been infected with bacteria that can cause the

disease. The second recommendation is that priority should be given to research based on the risk of development of infective endocarditis in patients who stand the greatest risk of cardiac conditions. The third recommendation is that medical practitioners should consider
the levels of bacteremia caused by various dental procedures that are invasive as a tool for conducting antibiotic prophylaxis. Another

recommendation is that activities such as brushing teeth every day can cause the emergence of certain levels of bacteremia and should,
therefore, be used as a criterion for antibiotic prophylaxis against the disease [42]. Besides, it is recommendable that more research is re-

quired in the field of epidemiology of microbes that cause infective endocarditis. That is because there are still two things that healthcare
professionals have not discovered about infective endocarditis. Firstly, the risk implicated in developing infective endocarditis in individuals suffering from diseases of the valve and congenital diseases of the heart is unknown. Secondly, the level of bacteremia emanating

from non-oral activities in day-to-day activities, and their frequency is unknown. The last recommendation is that individuals who used

chlorhexidine mouth wash should not be given antibiotic prophylaxis against infective endocarditis. Caution should, therefore, be taken

to ensure that proper dental health is practiced. Dentists may not have the capacity to curb the occurrences of the infective endocarditis
[43-54].
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