
TOOTH EXTRACTION AND TOOTH BRUSHING BOTH PRODUCE BACTEREMIA OF ENDOCARDITIS-RELATED PATHOGENS    

ABSTRACT DISCUSSION
• Bacteremia commonly arise from the oral cavity, but the relative
 risk for IE from dental o�ce procedures versus routine daily
 events such as tooth brushing is unknown.

• It is generally felt that bacteremia is in�uenced by the invasive-
 ness and the duration of a procedure and that dental extractions
 are the most likely of dental procedures to cause bacteremia,
 ranging from 10%-100% in di�erent studies (2-9).  

• Tooth brushing may disrupt a larger surface area of gingival
 tissues and therefore may be as invasive as an extraction from
 the standpoint of the IND of bacteremia.

• This study suggests that bacteremia from tooth brushing is a
 common event and that the nature of the bacteremia from
 brushing involves a similar spectrum of IE-causing bacteria as
 tooth extraction.

• Although amoxicillin reduced the number of streptococcal spe-
 cies in the amoxicillin group, there is little di�erence between
 the amoxicillin and brushing group in the spectrum of species
 known to cause IE.

• Given the bacteremia incidence of 32% from tooth brushing,
 there is a potential for bacteremia to occur hundreds of times
 per year.

• Dental o�ce-generated bacteremia is therefore far less frequent
 in the population than that from home-based oral hygiene.

• Although there is no data to suggest that the IND of bacteremia
 impacts the incidence of IE, the data from this study suggests
 that these surrogate measures of risk for IE may be similar enough
 that tooth brushing may be a greater threat to individuals at risk
 for IE.

• In the absence of a phase III clinical trial, there should be a greater
 focus on avoidance of dental disease in patients at risk for IE.
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METHODS
This prospective, randomized, double-masked study compares the
IND of bacteremia from three interventions (Fig. 1): 

Introduction:  The focus on prevention of infective endocarditis
(IE) is on antibiotic prophylaxis for invasive procedures.  The purpose
of this study was to determine the incidence, nature and duration
(IND) of bacteremia from tooth brushing, a routine daily activity,
versus a single tooth extraction.  Methods:  Subjects meeting the
inclusion criteria were randomized into three equal groups: extrac-
tion with amoxicillin, extraction with placebo, and tooth brushing.
Blood draws for aerobic and anaerobic BACTEC cultures were drawn
at six time points: at baseline (# 1), twice during (# 2 and 3), and at
20, 40 and 60 minutes (# 4, 5, and 6) following these two procedures.
16S rRNA genes from all bacterial isolates were sequenced for spe-
cies identi�cation.  Results:  Based on our power analysis, we en-
rolled 290 subjects (167 males), with a mean age of 40 years.  There
was a signi�cant di�erence in the incidence of positive cultures
between the three study groups for draws 2-6 (p<0.01).  The highest
incidence occurred at draws 2 and 3 in the placebo group (79%),
followed by the amoxicillin (56%) and brushing (28%) groups.
Amoxicillin resulted in a signi�cant decrease in bacteremia at draws
4-6 (p<0.0001), but 2 subjects in the amoxicillin group were still
bacteremic at 40 minutes.  We identi�ed 127 di�erent bacterial
species, the most common of which belonged to viridans strepto-
cocci (49%), Prevotella (9%), and Actinomyces and Fusobacterium
(each 5%) groups.  Overall, amoxicillin reduced the incidence of
viridans streptococci by 73%.  However, the brushing and amoxi-
cillin groups, and the amoxicillin and placebo groups were similar
to each other in the incidence of some bacterial pathogens re-
ported to cause IE.  The placebo group had a signi�cantly greater
number of positive cultures at 20 minutes (18%) as compared to
the amoxicillin (4%) and tooth brushing (10%) groups (p<0.0001).
Twelve percent of the placebo group and 3% of the tooth brushing
group were still bacteremic at 60 minutes.  Conclusions:  Given
the IND and daily occurrence of bacteremia, tooth brushing may
represent a greater risk for IE than invasive dental o�ce procedures.  

INTRODUCTION
The issue of systemic antimicrobial prophylaxis for people consi-
dered to be at risk for infective endocarditis (IE) from dental proce-
dures is complex and controversial.  The data on incidence, nature
(species), and duration (IND) of bacteremia from dental procedures
are used as surrogate measures of risk for IE and for the develop-
ment of clinical practice guidelines for antibiotic prophylaxis.  The
IND of bacteremia from dental extractions—considered the most
invasive of dental procedures—have been reported, but there are
few data on bacteremia from common daily activities such as tooth
brushing.  Little is known about the duration of bacteremia from the
oral cavity, and there is controversy about the impact of systemic
antibiotics on the IND from dental procedures.  Finally, there are no
reports concerning procedure-related bacteremia from speci�c
bacteria reported to cause IE. 

The purpose of this study was to compare the IND of bacteremia
from endocarditis-related bacteria during and following a single
tooth extraction and tooth brushing, and to determine the impact
of amoxicillin prophylaxis on the IND of bacteremia from a single
tooth extraction.  

Figure 1

Table 1  Infective Endocarditis-Related Bacterial Species 

Table 2  Nature of Bacteria at Six Blood Draws

Figure 3  Incidence and Duration of Bacteremia

Figure 2  Timeline 

RESULTS
• We randomly assigned 290 patients to the three groups (Fig. 1). 

• Baseline characteristics were well-balanced between the groups.

• No signi�cant di�erences were noted between the various measures of dental disease among the groups. 

Incidence and Duration for All Bacteria Identi�ed:
• The overall incidence of bacteremia from all 6 draws was 32%, 56% and 80% for the brushing, amoxicillin and placebo groups respectively
 (p<0.0001) (Fig 3). 

• There was a signi�cant di�erence in the incidence of positive cultures between the three groups at all draws except draw 1 (baseline). 

• The highest incidence of positive cultures was at the 5 minute time point in the placebo group (73%). 

• Positive cultures occurred during draws 2 and/or 3 in 27%, 53%,
 and 76% in the brushing, amoxicillin and placebo groups respec-
 tively.

• The placebo group had a signi�cantly greater number of positive
 cultures at 20 minutes (25%) as compared to the amoxicillin (3%)
 and tooth brushing (4%) groups (p<0.0001).

• All three groups had positive cultures at 40 minutes, and 2% of
 the placebo group and 9% of the brushing group were still bac-
 teremic at 60 minutes. 

• There was a signi�cant drop in the incidence of positive cultures
 at the 20 minute (draw 4) time point in all 3 groups and this
 continued at the 40 and 60 minute time points.

• Amoxicillin resulted in a signi�cant drop in the incidence of
 positive cultures in draws 4-6 (p<0.0001).

Nature for All Bacterial Species Identi�ed:
• We identi�ed 127 bacterial species from the three study groups,
 the most common of which belonged to the viridans strepto-
 cocci (49%), Prevotella (9%), and Actinomyces and Fusobacterium
 (5% each) groups. 

• Polymicrobial blood cultures occurred in all three groups at
 draws 2 and/or  3, and in the placebo group at draw 4, but at
 no other time points.

• Amoxicillin reduced the incidence of viridans streptococci by 73%. 

Evaluation of IE-Associated Bacteria:
• We identi�ed 25 overlapping bacterial species from our search
 of the literature. 

• 14 of these 25 bacteria were identi�ed by gene sequencing in
 this study (Table 1).

• The brushing and amoxicillin groups, and the amoxicillin and
 placebo groups were similar to each other in the incidence of
 some bacterial pathogens reported to cause IE (Table 2).

For all three arms of the study, a speci�c protocol was followed (Fig. 2).  A large bore angiocath needle was placed in the antecubital fossa.
The �rst blood sample of 20mL was drawn for baseline presence of bacteremia.  Blood (6-8 ml) was inoculated directly into both aerobic and
anaerobic BACTEC bottles.  Subjects in the extraction arms then ingested the contents of the envelope (i.e., amoxicillin or placebo) and waited
for 1 hr before the surgery began.  After being anesthetized, the tooth was removed in the usual manner.  For the brushing arm of the study,
the subject brushed with a new toothbrush for a total of 2 minutes.  A second and third venous blood draw of 20 mL was taken at 1.5 minutes
and at 5 minutes after the initiation of surgery or brushing.  A fourth, �fth, and sixth sample of 20 mL of blood was drawn at 20, 40, and 60
minutes following the end of the procedure. 

Bacterial Isolation and Identi�cation: 
• Bacterial colonies were isolated on both selective and non-selective media for aerobes, and on anaerobic blood agar for anaerobes. 

• A 16S rDNA sequencing method was used for bacterial identi�cation based on comparisons of the �rst 500 bases using Database Project
 (RDP) and GenBank by BLAST.  For strains that were potentially new species, full 1,500 bases were obtained.(1) 

• All false-positive bottles were replaced and incubated for 2 weeks. 

• Positive cultures were also kept for two weeks and subcultured periodically to ensure recovery of previously unrecovered bacteria.

Identi�cation of IE-Associated Bacteria:
• A comprehensive search of the literature provided a list of bacterial species reported to cause IE, and this was compared to a  list of bacteria
 reported in blood cultures following dental procedures.

• Bacterial species that overlapped between these two lists were evaluated in the present study.  

Statistical Analysis:  
• Incidence was determined by the proportion of subjects in each group with a positive culture at the 2nd and/or 3rd blood draw using a
 chi-square test.

• Nature was expressed as the frequency with which a speci�c bacterial species was identi�ed in the subjects in each group at each time
 point, with a chi-square test, corrected to account for multiple tests to minimize Type I error.

Inclusion Criteria:
• At least 10 teeth present and the need for a routine dental ex-
 traction

Exclusion Criteria: 
• Use of systemic antibiotics within the previous 2 weeks 
• Need for antibiotic prophylaxis based on current practice guide-
 lines 
• Active viral disease 
• Immunocompromised or poorly controlled systemic disease 
• History of penicillin allergy
• Temperature ≥100.5 ºF 
• Facial cellulitis 
• Manipulation of the gingival tissues within 1 hr prior to the study

Baseline data included demographics, dental and medical history,
and a thorough clinical and radiographic examination.
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Nature                                               Brushing Amoxicillin Placebo
Streptococcus mitis   X X
Streptococcus mutans X  X
Streptococcus oralis   X
Streptococcus salivarius   X
Streptococcus sanguinis  X X
Streptococcus anginosus X X X
Staphylococcus epidermidis X X 
Propionibacterium sp. X X X
A. actinomycetemcomitans X X 
Lactobacillus sp.  X X
Fusobacterium sp.  X X
Peptostreptococcus sp. X X X
Veillonella sp. X X X
Neisseria sp.  X X

Draw 1 Brushing Amoxicillin Placebo 
Staphylococcus epidermidis 1 100%      
Draw 2/3        
Streptococcus mitis   1 5.6% 3 8.3%
Streptococcus mutans 1 10%   3 8.3%
Streptococcus sanguinis     2 5.6%
Streptococcus anginosus 3 30% 7 38.9% 12 33.3%
Staphylococcus epidermidis 2 20% 1 5.6%   
Propionibacterium sp. 1 10% 1 5.6% 1 2.8%
Aggregatibacter actinomycetemcomitans 1 10%      
Lactobacillus sp.   1 5.6% 2 5.6%
Fusobacterium sp.   2 11.1% 6 16.7%
Peptostreptococcus sp. 2 20%   3 8.3%
Veillonella sp.   2 11.1% 3 8.3%
Neisseria sp.   3 16.7% 1 2.8%
Draw 4        
Streptococcus mitis   2 11.8% 10 21.3%
Streptococcus mutans 1 25%   5 10.6%
Streptococcus oralis     1 2.1%
Streptococcus salivarius     4 8.5%
Streptococcus sanguinis   1 5.9% 3 6.4%
Streptococcus anginosus   1 5.9% 9 19.1%
Staphylococcus epidermidis 1 25%      
Propionibacterium sp.   1 5.9% 1 2.1%
A. actinomycetemcomitans   1 5.9%   
Lactobacillus sp.   3 17.6%   
Fusobacterium sp.     4 8.5%
Peptostreptococcus sp. 1 25% 3 17.6% 1 2.1%
Veillonella sp. 1 25% 4 23.5% 6 12.8%
Neisseria sp.   1 5.9% 3 6.4%
Draw 5        
Streptococcus mutans 1 100%   2 33.3%
Streptococcus oralis     1 16.7%
Fusobacterium sp.   1 100% 2 33.3%
Peptostreptococcus sp.     1 16.7%
Draw 6        
Streptococcus mitis     1 50%
Streptococcus anginosus     1 50%
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