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Abstract
Aim: This pilot study was designed to assess the effect of an essential oil antiseptic
mouthrinse (EOM) in reducing bloodstream bacteria after chewing an apple.

Material and Methods: From a panel of 200, we screened 62 individuals with mild-
to-moderate gingivitis. Twenty-two individuals who showed a bacteraemia after
chewing an apple were enroled. Subjects were recalled, instructed to chew an apple,
had blood drawn (first baseline), and were randomly assigned EOM or a control (C)
treatment for 2 weeks. Subjects were recalled, given an apple, and had blood taken for
bacterial counts. Following a 1-week fluoride dentifrice wash-out, subjects were
recalled, given the apple challenge, had blood drawn (second baseline), assigned the
alternate treatment, and recalled for testing. Differences between baseline and 2-week
post-treatment (EOM versus C) in blood-borne bacteria were assessed by analysis of
covariance.

Results: Mean aerobic blood-borne bacteria decreased by 68.5% (17.7 viable counts
from baseline; po0.001), while anaerobic counts decreased by 70.7% (14.5 mean
viable counts from baseline; po0.001) for the EOM treatment. No reduction was seen
for the C treatment.

Conclusions: This double-blind, placebo-controlled, randomized, 2-week cross-over
study showed that rinsing with essential oils reduced the level of bloodstream bacteria
in subjects with mild-to-moderate gingivitis.
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In the past decade, the link between
periodontal diseases and systemic dis-
eases and disorders has received a great
deal of attention (D’Aiuto et al. 2004).
The association between periodontal
disease and an increased risk for heart
disease shows both biological and epi-
demiological plausibility; however, a
causal relationship has yet to be estab-
lished (Lamster et al. 2008). Two the-
ories have emerged in efforts to explain
the biological plausibility of the poten-
tial link between periodontal disease and
an increased risk for heart disease. One
theory implicates dental plaque micro-
organisms in this link, while the other
proposes that host-derived inflammatory
factors initiated and perpetuated by
periodontal disease are related to this
link (Offenbacher et al. 2008).

The bacterial theory suggests that
endogenous plaque microorganisms
residing in a periodontal pocket can
gain entrance into the blood circulation
and attach to organs distant from the
oral cavity (Herzberg & Meyer 1998,
Van Dyke & Kornman 2008), act as
exogenous and deleterious agents, and
contribute to an increased risk for di-
seases such as, coronary heart disease
(Haraszthy et al. 2000, Tonetti et al.
2007), stroke (Beck et al. 1996, Elter
et al. 2003), pre-term delivery (Offen-
bacher et al. 1996), and renal disease
(Fisher et al. 2008).

It has been shown that trauma to
dental tissues can induce bacteraemias
resulting from the manipulation of den-
tal tissues by procedures that include,
extraction (Lockhart 1996), scaling and
root planing (Fine et al. 1996), and
patient oral hygiene methods such as,
toothbrushing (Silver et al. 1977, Lock-
hart et al. 2008) and flossing (Crasta
et al. 2009). While bacteraemia induced
by patient oral hygiene-derived trauma
has been shown repeatedly (Sconyers
et al. 1973, Lockhart et al. 2008), only
a limited number of studies have shown
that chewing hard food can induce bac-
teraemia (Cobe 1954, Forner et al.
2006).

It has been shown that dental plaque
bacteria thought to reside subgingivally
can be found in the bloodstream after
trauma to dental tissues (Fiehn et al.
1995). Many studies have shown that
antimicrobial mouthrinses can have a
significant impact on the levels of supra-
gingival plaque microorganisms and the
gingivitis that ensues (Grossman et al.
1989, Ross et al. 1989, Overholser et al.
1990). Moreover, reduction in supragin

gival plaque by either mechanical or
chemical means can have an impact on
the viability of the subgingival plaque
flora several millimetres below the gin-
gival margin (Smulow et al. 1983, Dah-
len et al. 1992, Hellstrom et al. 1996).
Reports indicating that antimicrobial
mouthrinses can have an impact on
induced bacteraemias are inconsistent
(Lockhart 1996). The study described
herein was designed as a follow-up to
previous reports, which indicated that
an essential oil antiseptic mouthrinse
(EOM) could be efficacious in reducing
subgingival bacteria either directly by
subgingival irrigation (Pitts et al. 1981,
1983, Fine et al. 1996), or, indirectly by
affecting supragingival plaque (Fine et
al. 2007). This study was designed to
question whether an EOM could affect
members of the microbial flora suffi-
ciently to result in a reduction in blood-
borne bacteria caused by a traumatic
challenge to oral tissues induced by
chewing an apple.

More specifically, the objective of this
randomized, single-centre, double-blind,
placebo-controlled, 2-week, cross-over
design clinical trial was to determine if
consistent use of an antimicrobial mou-
thrinse could reduce the bacteraemia
induced by eating an apple in vulner-
able individuals with mild-to-moderate
gingivitis.

Material and Methods

Subjects

Volunteers for the study were selected
from a panel of 200 subjects drawn from
a database developed in the Clinical
Research Center at New Jersey Dental
School (see flow diagram in Fig. 1).
Potential subjects from this panel were
excluded from consideration if they had
periodontal disease, defined as one or
more pockets of 6 mm or greater. Sixty-
two subjects who had mild-to-moderate
gingivitis and plaque levels with the
following inclusion criteria were
screened for the study.

Inclusion criteria

Subjects were included if they were
male or female at least 18 years or older
and in good general and oral health.
Individuals taking medications for
the treatment of chronic conditions
(e.g. hypertension, diabetes, depression,

etc.) were required to be well controlled
and stable for at least 3 months before
study participation. A minimum of 20
natural teeth with facial and lingual
surfaces that could be scored were
required. Volunteers were required to
agree to all study regulations and sub-
jects were required to have had a gingi-
val index score X1.50 according to the
modified gingival index (MGI) (Lobene
et al. 1986) and a plaque index (PI) X1.5
using the Turesky modification of the
Quigley Hein Index (Turesky et al.
1970) as part of their database record.

Exclusion criteria

Subjects were excluded if they had teeth
that were grossly carious, undergoing
orthodontic treatment, or had crowned
surfaces or partial dentures. They were
excluded if they had a history of rheu-
matic fever, heart murmur or defect,
orthopaedic implants, or any other
condition requiring prophylactic anti-
biotic therapy; or if they had any history
of illness requiring antibiotic or antic-
oagulant or steroidal therapy. Potential
participants were also excluded if they
had a history of any medical compli-
cation such as blood dyscrasias, renal
disease, or immunosuppression. If sub-
jects had participated in a dental plaque
study within the last 30 days, or if they
were using any antimicrobial dentifrice,
mouthrinse, and chewing gum products
on a regular basis they were also
excluded. Subjects could not participate
if they reported any adverse events
resulting from either the use of oral
hygiene products, or as a result of
venipucture.

Initial screening

Sixty-two subjects from our database
who met these initial entry criteria and
read and signed a consent form
approved by The Institutional Review
Board of the University of Medicine
and Dentistry of New Jersey were
screened for possible entry into the
study (Table 1).

At the screening, participants were
subjected to an oral examination con-
sisting of a hard and soft tissue evalua-
tion and plaque (PI) and gingivitis
(MGI) assessments. Subjects who were
screened were then asked to refrain from
oral hygiene, eating, drinking (except
for water), and smoking for at least
12 h, but no more than 24 h before
returning to the clinic for an assessment
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of their susceptibility to bacteraemia to
complete their screening examination.
In the clinic, the next day (Visit 1) blood
was drawn from the antecubital fossa to
establish unchallenged background
levels of bacteria. A licensed phleboto-
mist swabbed the area with alcohol and
then used a butterfly procedure to per-
form the blood draw. Following the first
blood draw to check for contamination,
subjects were provided with an apple as
a means of inducing a bacteraemia.
Subjects were instructed to take three
bites of the apple, which was used as a
standardized method for the induction of
a bacteraemia. It took about 2 min. to
chew and swallow the three bites of the
apple ingested. Blood samples were
obtained to determine whether or not
the apple challenge caused a bacterae-
mia in screened subjects. The blood was
drawn approximately 2 min. � 30 s after
the first bite was taken. As mentioned,
the butterfly was inserted before the
apple challenge and was not withdrawn
until after the apple challenge when
the second and final blood draw were
completed.

Microbiological assessment

Blood handling

Each 2 ml of blood sample that was
drawn was collected in a citrated vacu-
tainer tube. One millilitre was with-
drawn from the tube and pipetted into
a second tube containing 1 ml of a 1%
sterile solution of sodium polyanethol
sulphonate (Sigma Chemical Co., St.
Louis, MI, USA) to deactivate comple-
ment.

Media

Schaedler blood agar (SBA) was
obtained from Fisher Scientific (New
York, NY, USA; Catalog R01800) and
used to determine total anaerobic
counts. Trypic soy agar (TSA) with
5% sheep blood was obtained from
Fisher Scientific (Catalog B21261X)
and used to determine total aerobic
counts. Anaerobic media was pre-
reduced in an anaerobic chamber over-
night at 371C.

Direct plating

To determine total cell counts, 0.5 ml of
the blood/polyanethol sulphonate mix-
ture was plated in duplicate on SBA for
total anaerobic bacteria, and on TSA for
total aerobic bacteria. All plates were

Fig. 1. Flow diagram illustrating the study design. Two hundred subjects formed the initial
panel from which 62 were qualified based on the absence of periodontal disease and the
presence of a gingival and plaque index of 1.5 or greater. Of the 62 subjected to a screen for
susceptibility to a bacteraemia as a result of eating an apple, 22 qualified and were entered
into the study.
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identified using the subject’s random
number, the assay date, and the sam-
pling time. All plates were incubated at
35 � 21C. Anaerobic plates were incu-
bated for 5–7 days, while plates grown
aerobically were incubated for 1–2 days.
The colonies were counted and recorded
as colony-forming units (CFUs) per
millilitre.

Enumeration

Replicate plates with less than 200
colonies were counted. If a plate had
more than 200 colonies, the plate was
designated ‘‘too numerous to count’’.
Plates displaying no colonies were
assigned a raw count of 0.5 to account
for the counts below the limit of detec-
tion.

Definition

Bacteraemia was defined as a minimum
increase of 10 CFU/ml after the apple
challenge above the background seen in
the bloodstream before the challenge
(Fine et al. 1996). These values were
considered the screening bacteraemia
levels.

Study design

The 22 subjects, who met the inclusion/
exclusion criteria and thus showed a
bacteraemia at screening after chewing
an apple, were randomly assigned to one
of two treatment groups (Table 2). The
study coordinator performed the assign-
ment. All other study staff and subjects
were blinded. The study statistician,
utilizing a true random number genera-
tion model, developed the randomiza-
tion of group assignments. Treatment I
consisted of an EOM (Listerine Anti-
septics, Johnson & Johnson Inc., Mor-

ris Plains, NJ, USA). Treatment II
consisted of a 5% hydroalcohol control
rinse. Early clinical studies that exam-
ined the effect of the essential oils on
plaque and gingivitis used a vehicle
control (containing 26% alcohol), which
was shown to be no more effective than
water in its antimicrobial activity (Fine
et al. 1985, Gordon et al. 1985). Subse-
quently, 5% hydroalcohol was approved
for use as the control rinse (Federal
Register, 2003). Subjects were required
to rinse forcefully for 30 s twice a day
for a 2-week period with 20 ml of the
assigned treatment, followed by a 1-
week wash-out period, after which they
were instructed to rinse with the alter-
nate treatment.

Before the start of the mouthrinse or
treatment phase of the study, all 22
subjects were given a fluoride dentifrice
and soft-bristled toothbrush to use twice
daily for a 1-week wash-out or ‘‘nor-
malization’’ period. After the normal-
ization period, subjects were required to
return to the clinical site for the baseline
values before the Phase I treatment
portion of the cross-over study (Visit
2). As described above, before returning
to the clinic, these subjects were
required to refrain from oral hygiene,
eating, drinking, and smoking for at
least 12 h, but no more than 24 h before
the blood draw. In the clinic for Visit 2,
a pre-challenge background blood draw
was performed described as a check for
contamination. Following this blood
draw, subjects took three bites of an
apple, chewed, and swallowed and the
post-challenge blood draw was taken as
described. The Baseline 1 value for the
bacteraemia levels induced by eating an
apple was calculated as the bacterial
counts found in the blood after chewing
the apple (post-apple challenge) minus
the bacterial counts found in the blood

before the apple challenge (pre-apple
challenge-background levels, see Fig.
1). Subjects were then provided with
their assigned mouthrinse as well as a
toothbrush, commercial fluoride denti-
frice, and a diary to keep a detailed
record of their use of the mouthrinse
and toothpaste on weekends. Following
this, subjects began their regimen of
rinsing with 20 ml of their assigned
test product for 30 s, twice daily. Twice
daily rinsing was supervised in the clinic
from Monday through Friday. Unsuper-
vised rinsing occurred on the weekends
and was documented in the diary com-
pleted by each subject. This protocol
was followed for 2 weeks.

On day 15 (the next day following the
14-day rinsing protocol), subjects were
required to report to the clinical site for
evaluation. As described above, subjects
were required to refrain from oral
hygiene, including use of the test pro-
duct, eating, drinking, and smoking on
the night before they re-visited the clinic
for the blood collection. At this the post-
rinsing Phase I treatment evaluation
visit (Visit 3), the pre-challenge back-
ground evaluation was performed as
described previously and the induced
bacteraemia levels were calculated (as
mentioned, induced bacteraemia levels
were considered as the post-apple
challenge bacteraemia minus the pre-
apple challenge; pre-apple challenge is
considered as the background level).

Following Visit 3, study subjects par-
ticipated in a 1-week wash-out period
when they used the fluoride dentifrice
(in preparation for the Phase II treatment
phase of the study). For Phase II, fol-
lowing the wash-out period, subjects
repeated the baseline exams (Baseline
2 evaluation; Visit 4), and were then
provided with the alternate mouthrinse
(control or active) and the new treatment
regimen began (Phase II treatment),
which was completed 2 weeks later
with the final examinations as described
above (Phase II treatment evaluation on
Visit 5).

Five blood draws occurred as fol-
lows: one at screening (Screening), two
at baseline for each of the 2-week
mouthrinse use periods (Baselines 1
and 2), and at each of the post-rinse

Table 1. Demographics, gingival, and plaque indices of bacteraemia-negative and bacteraemia-
positive subjects at screening

Number (n) (gender, female/male) Bacteraemia negative Bacteraemia positive
(n 5 40) (28/12) (n 5 22) (16/6)

Age (years); mean � SD 32.3 � 1.40 34.3 � 1.89
Modified gingival index; mean � SD 1.72 � 1.72 1.75 � 0.21
Plaque index; mean � SD 1.88 � 0.06 2.00 � 0.08

Table 2. Bacterial counts in subjects at screening and two separate baseline sampling time points

Screen sampling Baseline 1 sampling Baseline 2 sampling

Susceptible subjects (n 5 16); mean � SD 16.0 � 4.50 13.4 � 3.14 15.5 � 4.06
Highly susceptible subjects (n 5 3); mean � SD 133.0 � 45.9 53.2 � 14.1 89.0 � 24.1
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treatment phases (Phases I and II).
Excluding the mouthrinse visits, there
were three time points (screening and
two baselines) to evaluate subjects for
an unhindered bacteraemia challenge.
The full study design is depicted in the
flow diagram as seen in Fig. 1.

Study compliance

As described, all weekday rinses were
supervised and documented by the
research coordinator in the daily rinsing
log. The subject documented his or her
weekend rinsing routine in their daily
diary. Compliance for rinse usage was
assessed by reviewing the diary report,
rinsing logs, and weighing test product
bottles at final Phase I and on the final
Phase II assessment visits. Subjects
were provided with take-home rinse
bottles and paste; while bottles and
dentifrice for clinic use were stored in
a locked cabinet in the clinic. Both the
weekend take home bottles and the
subjects supervised rinsing bottles were
weighed. In order to determine compli-
ance, it was estimated that each subject
would complete approximately 28 rinses
using 20 ml of each rinse by the final
visit in each phase of the study.

For the duration of the study, subjects
were not permitted to use any unas-
signed oral care product. Subjects were
allowed to use an inter-dental cleaning
device only to remove impacted food
between the teeth. Moreover, subjects
were not permitted to have their teeth
cleaned or to have any dental procedures
during the study period.

Both the subjects and the evaluators
were blinded to the treatment. Neither
the person assessing the indices, taking
the blood, dispensing, and supervising
the mouthrinse usage, or plating the
bacteria was aware of the treatment
assigned to the subject. All blood and
blood plates were given a subject num-
ber that was coded so that they could not
be identified by treatment assignment.

Statistical analysis

Sample size calculation

Based on a pilot study carried out pre-
viously, the common standard deviation
was estimated as s5 4 CFU/ml. Based
on a two-sided test with a significance
level 0.05, it was estimated that 16
subjects were needed to complete both
Phases I and II treatment. This sample
size provided at least 90% power to

detect a 5 CFU/ml treatment difference
between the essential oil-containing
mouthrinse and 5% hydroalcohol con-
trol. Considering possible attrition rate,
a total of 22 subjects were entered into
the study.

Efficacy evaluations

The primary efficacy endpoints were the
total induced level of microorganisms
found in the bloodstream calculated as
the post-apple challenge bacteria level
minus the pre-apple challenge bacteria
level (background level) at each apple
challenge test (Baselines 1 and 2 and
Phase I treatment and Phase II treat-
ment) when baseline and post-treatment
challenge-induced bacteraemia counts
were evaluated. Descriptive statistics
and graphics by treatment group were
used to summarize the study results and
were presented as the total number of
microorganisms in counts (CFUs/ml)
derived from the induced bacteraemic
event. The reduction at Day 15 from
baseline in the induced level of total
microorganisms in each phase of treat-
ment was analysed using an analysis
of covariance (ANCOVA). The model
included treatment sequence, phase,
and treatment as the factor. The total
of blood-borne bacteria at baseline of
each phase was used as a covariate and
the subject within the treatment
sequence was considered as a random
effect.

Results

Demographics

Sixty-two subjects were selected from a
panel of 200 who had no periodontal
disease and an MGI and PI of X1.5.
These subjects were then subjected to an
apple challenge to assess bacteraemia
levels. Of the 62 screened, the majority
of volunteers were females (44; see
Table 1). Of the 44 females, 23 were
of Asian and 21 were of Caucasian
descent (data not shown). Of those
screened, 22 showed positive bacterae-
mia (10 or more CFUs per millilitre of
blood); while 40 were negative. Of those
22 positive, 16 were females (16), while
six were males (6) (Table 1). The mean
age of bacteraemia-positive subjects
was 34.3 � 1.89; while the age for those
who were bacteraemia-negative subjects
was 32.3 � 1.40 (Table 1). The mean

MGI of the positive subjects was
1.75 � 0.21 and the PI was 2.0 � 0.08;
while the bacteraemia-negative subjects
had an MGI of 1.72 � 1.72 and a PI of
1.88 � 0.06 (Table 1).

Study population

Each of the three times that blood was
drawn (screening and the two baselines),
each of the 19 subjects challenged by
eating an apple showed a positive bac-
teraemia (see Table 2). Thus, positive
bacteraemia levels were seen in each of
the 57 separate challenges (each chal-
lenge showed more than 10 CFU/ml of
bacteria in the blood sampled; data not
shown). Moreover, the two positive
baseline bacteraemia levels were not
shown to be significantly different
when compared with the screening chal-
lenge, showing reasonable reproducibil-
ity (see Table 2).

Treatment efficacy results

Twenty-two subjects were randomized
into the study and all of those were
included in the intent-to-treat statistical
analysis. All 22 completed the first
phase of the study. Nineteen subjects
completed the second phase of the
study. Of the three subjects with incom-
plete data sets, one subject discontinued
the study due to a scheduling conflict
during the wash-out period between the
first and second treatments. One subject
had the Baseline 2 blood draw but did
not have the Phase II treatment blood
draw. The third subject had the Phase II
treatment blood draw but blood could
not be drawn at Baseline 2. Intent-to-
treat analysis was performed without
imputing missing data and thus included
all 22 subjects who had complete data
sets for Phase I treatment and all data
points available for Phase II treatment,
which included the 19 who had com-
plete data sets (both baseline and treat-
ment as seen in the figure) as well as the
three with partial data sets. Adverse
events were found in three other indivi-
duals. One event was seen in the control
rinse group, one in the wash-out group,
and one was in the essential oil group.
Adverse events were reported as a back-
ache and two headaches.

Background blood-borne bacteria
were calculated at each blood draw,
which included screening, two base-
lines, and two treatments. Blood was
drawn by inserting a butterfly needle to
take blood before the apple challenge
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for analysis of background blood-borne
bacteria, followed by chewing the apple.
The butterfly was then opened for the
second blood draw for the analysis of
induced bacteraemia after the apple chal-
lenge to complete the process. Thirty-one
of 62 had background blood-borne bac-
teria at screening. Of the 31, 24 had one
bacterium per plate while seven had two.
Forty-two blood draws were taken at
Baselines 1 and 2 and 22 of these had
background blood counts. None of the 22
had more than two bacteria per plate.
Forty-one had successful blood draws at
Phases I and II treatments and 23 of those
had background counts. Of these, one
subject had three bacteria and all others
had no more than two bacteria per plate.
Induced bacteraemia levels, either at
baseline or in the treatment phase, were
calculated by subtracting background
levels from the levels induced by chew-
ing an apple.

The study was designed to assess the
efficacy of twice a day usage of an
antiseptic mouthrinse for 2 weeks in
reducing blood-borne bacteria from a
daily activity such as eating an apple.
The ANCOVA used to assess these differ-
ences adjusted the baseline value in the
model.

In this respect, following the use of
EOM as directed for a 2-week period,
the levels of induced total aerobic bac-
teria in the blood changed from
25.7 CFU/ml at baseline to 8.0 CFU/
ml, a 17.7 CFU/ml reduction (Table 3).
Meanwhile, the levels of aerobic bacter-
ia for the negative-control rinse treat-
ment increased (Table 3). The levels of
total induced anaerobic bacteria chan-
ged from 20.5 CFU/ml at baseline to
6.0 CFU/ml, a 14.5 CFU/ml reduction
(Table 3). Meanwhile, the levels of total
induced anaerobic bacteria for the nega-

tive-control rinse treatment increased
(po0.001; Table 3). When these data
were analysed to determine the mean
percentage reduction, the use of an
antimicrobial mouthrinse for a 2-week
period caused a 68.5% and 70.7%
reduction in total induced aerobic and
anaerobic bacteria, respectively (data
not shown as percentages in Table 3).

Safety results

Three minor adverse effects were
reported as mentioned above and thus
no serious adverse events were reported
during the study.

Discussion

This pilot study was designed to deter-
mine the effect of twice daily rinsing
with an antimicrobial mouthrinse on the
viability of blood-borne bacteria result-
ing from eating an apple in a susceptible
population with mild-to-moderate gingi-
vitis. This study was not intended to
establish a link between plaque levels
and/or plaque reduction and induced
bacteraemia nor was it intended to
establish any link between gingivitis
reduction and induced bacteraemia
levels. The study was not intended to
demonstrate that reductions in the fre-
quency or severity of the induced bac-
teraemias were related to reductions in
plaque and/or gingivitis. The study was
also not designed to take into account
the individual microbes found in the
bloodstream, the magnitude, and/or the
duration of the planned bacteraemic
event. These variables will be addressed
in future studies. Moreover, the study
was not designed to evaluate the effi-
cacy of an EOM in reducing plaque and

gingivitis because many studies have
documented these results in the past
(Ross et al. 1989, Overholser et al.
1990, Gunsolley 2006).

The focus of this study centred on
subjects susceptible to bacteraemia
associated with viable microbial species
thought to enter the circulation through
the gingival/periodontal pocket epithe-
lial barrier at the site of trauma. It has
been shown that this form of transient
bacteraemia is relatively common when
ulcerated periodontal tissue is manipu-
lated by dental procedures (Lockhart
1996). It has also been suggested that
daily activity can result in trauma to
local tissues and thus can induce this
form of transient bacteraemia (Forner
et al. 2006, Lockhart et al. 2008, Crasta
et al. 2009). It has also been suggested
that patient susceptibility to bacteraemia
resulting from the manipulation of den-
tal tissues varies widely (Kinane et al.
2005).

With regard to subject susceptibility,
it should be mentioned that in this study,
22 of 62 subjects with mild-to-moderate
gingivitis showed a positive bacterae-
mia. We chose to limit our population to
those who were susceptible to bacterae-
mia because our goal was to assess
treatment differences. Therefore, in our
study, 64.5% of the population screened
(40 of 62) were not enroled. Undoubt-
edly, if we had enroled all 62 subjects in
the study, our results would have been
overwhelmed and the reduction in
blood-borne bacteria after rinsing with
the antiseptic mouthrinse would have
been missed. Not all studies have shown
antimicrobial agents to be effective in
reducing bacteraemias derived from
dental trauma but these discrepancies
may be due to variables in experimental
design that could include but are not
limited to subject selection, study
design, methods of evaluation, and the
difference in mechanism of action of
antimicrobial agents evaluated (Witzen-
berger et al. 1982, Waki et al. 1990,
Lockhart 1996). As mentioned, our
study limited inclusion to subjects sus-
ceptible to bacteraemia, which could in
part explain the differences in our
results as compared with those seen in
other studies where all subjects were
evaluated.

In our studies and those of Lockhart
et al. (2008) and Crasta et al. (2009),
blood was drawn immediately after the
challenge. The 34.5% incidence of bac-
teraemia seen in this study was similar
to that found in the studies by Lockhart

Table 3. Comparison of bacterial counts in subjects using control and active mouthrinse

CFU/ml bacteria in blood Control rinse Essential oil rinse p-Valuenn

(n 5 22) (n 5 19)

Aerobic counts (mean � SD)
Baseline 25.0 � 25.14 25.7 � 26.75
2-week post use 35.1 � 36.29 8.0 � 11.12
Changen 110.1 � 23.77 � 17.6 � 17.96 o0.001
95% CI for change (� 1.4, 21.6) (� 25.6, � 9.7)

Anaerobic counts (mean � SD)
Baseline 19.5 � 16.61 20.5 � 20.21
2-week post-use 30.3 � 34.74 6.0 � 7.92
Change 110.7 � 23.90 � 14.5 � 13.72 o0.001
95% CI for change (� 0.8, 22.3) (� 20.6, � 8.4)

nChange in counts was calculated by subtracting 2-week counts from baseline. Negative values

indicate reduction.
nnp-Value determined by ANCOVA comparing change in EOM treatment versus control.
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et al. (2008) and Crasta et al. (2009)
where the initiating event was tooth-
brushing and flossing, respectively (see
Table 1). In other studies, where lower
levels of bacteraemia were seen, blood
was drawn 10 min. following the insult
(Bender & Barkan 1989). The current
study did, however, show a higher level
of bacteraemia when compared with
some other more recent studies (Kinane
et al. 2005, Forner et al. 2006). In our
study, individuals were asked to abstain
from oral hygiene for a 12-h period,
which allowed plaque to accumulate,
perhaps adding to the level of the bacter-
ial challenge. In some cases, where blood
samples were collected immediately
after the challenge, analysis of bacterial
levels was carried out using DNA meth-
ods, which would not be appropriate for
studies designed to assess bacterial via-
bility (Kinane et al. 2005).

It is also worth noting that the 19
volunteers, who enroled and completed
the study, received three separate unhin-
dered bacteraemia challenges, which
amounted to a total of 57 separate chal-
lenges (screening challenge and Baselines
1 and 2 challenge). This calculation
excluded an evaluation of the challenges
where subjects used either the control or
active mouthrinse treatment. Each of the
19 subjects was positive for bacteraemia
at each challenge over the 7-week period
of the study. These findings indicate that
individuals susceptible to bacteraemia at
any one particular time were susceptible
to bacteraemia repeatedly in this study
protocol. Sixteen of 19 subjects had
similar levels of blood-borne bacteria at
each of the three blood draws, while three
subjects had high levels of bacteria in
their bloodstream (Table 2). Neverthe-
less, despite these discrepancies, reduc-
tions in blood-borne bacteria in the
subjects using the EOM treatment were
similar in all subjects (see Tables 2 and
3). In spite of the variability in these
highly susceptible individuals, the differ-
ences between the EOM treatment and
the control treatment were highly signifi-
cant. The large confidence intervals sup-
port this conclusion (Table 3). While the
magnitude of the challenge, in this case
the eating of an apple, may not have been
as great as that seen from more invasive
procedures derived from visits to the
dentist, our data support the concept that
frequent routine daily challenge can result
in repeated bacteraemic events.

The results obtained from this study
supported our initial hypothesis suggest-
ing that the consistent use of an anti-

septic mouthrinse could reduce the level
of blood-borne bacteria provoked by a
standardized challenge, i.e. chewing an
apple. Moreover, the incidental findings
of this study can provide two additional
pieces of data that could lead to a better
understanding of induced bacteraemias.
First, our data reinforce the concept that
routine daily activities such as tooth-
brushing, flossing, or in this case chew-
ing, can provoke a bacteraemic event
(O’Leary et al. 1970, Sconyers et al.
1973, Forner et al. 2006). Second, these
results although limited (by virtue of the
number of subjects studied) may repre-
sent the first data set that supports
suggestions by other investigators
implying that daily activity can repeat-
edly result in bacteraemias in indivi-
duals who are susceptible (Roberts
1999, Lockhart et al. 2008).

To better illustrate this last point,
Roberts (1999) estimated that there
was a 5.6 million times greater chance
of inducing bacteraemia by toothbrush-
ing as compared with tooth extraction,
although Lockhart et al. (2008) in a
well-controlled experiment estimated
that the risk from daily activity was
200 times greater than that derived
from tooth extraction (Roberts 1999).
As a result, these authors conclude that
maintenance of good oral hygiene and
the eradication of dental disease is the
best approach to reduce the frequency of
bacteraemia resulting from routine daily
activities.

Our study supports these conclusions
and suggests that the role of antimicrobial
mouthrinses known to assist in the main-
tenance of good health can perhaps
reduce levels of bacteraemia in suscepti-
ble individuals. These results provide a
strong rationale for examining this area in
more depth. In summary, after 2 weeks of
twice-daily rinsing, total induced aerobic
and anaerobic counts in the blood were
significantly lowered in those subjects
who used an EOM as compared with
those subjects who used the control rinse.
This placebo-controlled, randomized,
double-blinded, 2-week cross-over study
showed that the use of an EOM reduced
the amount of blood-borne bacteria
resulting from chewing an apple in a
susceptible group of subjects that had
mild-to-moderate gingivitis.
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Clinical Relevance

Scientific rationale for the study: To
determine whether the use of an
EOM can reduce the level of bacter-
ial viability found in the bloodstream
resulting from eating an apple.
Principal findings: The study showed
that eating an apple can produce

sufficient trauma to induce repeated
and consistent levels of blood-borne
bacteria in individuals susceptible to
bacteraemia and that rinsing with an
essential oil antiseptic significantly
reduced the bacterial levels found in
the blood.

Practical implications: Viability of
bacteria found in the bloodstream
due to an induced bacteraemic event
could be reduced in susceptible indi-
viduals with mild-to-moderate gingi-
vitis by the consistent use of an
EOM.
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