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Abstract

Purpose. This study was conducted to evaluate the useful-
ness of mechanical and chemical prophylactic oral cleansing
treatments for reducing potential respiratory pathogens exist-
ing in the oral cavity.

Methods. Thirty-two patients scheduled to undergo oral and
maxillofacial surgery that required endotracheal anesthesia
were randomly allocated to one of the two groups, the oral
cleansing group (n = 16) or the noncleansing group (n = 16).
Culture and polymerase chain reaction (PCR) methods were
used to detect and enumerate pathogens. Oral cleansing was
carried out with an electric toothbrush capable of automati-
cally supplying and aspirating povidone-iodine solution be-
fore surgery, followed by rinsing twice a day after surgery.
Cephazolin (3 g-day') was given to all patients for 5 days after
surgery.

Results. The PCR detection rates of Streptococcus pneu-
moniae, Haemophilus influenzae, Pseudomonas aeruginosa,
and Porphyromonas gingivalis in gargle samples before treat-
ment were 87.5%, 68.8%, 53.1%, and 40.6%, respectively.
Oral cleansing reduced the detection rates and numbers of
methicillin-sensitive Staphylococcus species, S. pneumoniae,
and H. influenzae. In contrast, there was no significant reduc-
tion of methicillin-resistant Staphylococcus species, .
pneumoniae, H. influenzae, or P. aeruginosa in subjects who
underwent systemic cephazolin administration without oral
cleansing.

Conclusion. The combination of mechanical and chemical
oral cleansing resulted in a significant reduction of potential
respiratory pathogens in the oral cavity.
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Introduction

The prevention of ventilator-associated pneumonia in
patients receiving endotracheal anesthesia is a major
challenge, because this complication is frequent and,
once present, carries a high morbidity and mortality,
even with adequate treatment [1,2]. Infectious respira-
tory diseases such as pneumonia resulting from salivary
bacterial aspiration during mechanical ventilation are
common [3-6]. Streptococcus pneumoniae, Haemo-
philus influenzae, Pseudomonas aeruginosa, Staphylo-
coccus species, and Candida albicans are found in
samples from the human oral cavity as well as in na-
sopharyngeal secretions, and all of these bacteria have
the potential to cause infectious respiratory diseases
[7-10].

It is well known that various kinds of microorganisms
form biofilms in which organisms are intimately associ-
ated with each other and the solid substratum through
binding and inclusion within an ex-polymer matrix; such
systems are widely distributed in nature and disease
[11-15]. In the oral cavity, multispecies biofilms form
well-ordered structures on dental plaque, the tongue,
and other oral soft-tissue surfaces [16]. These biofilms
may serve as reservoirs for respiratory pathogens, espe-
cially in higher-risk patients with poor oral hygiene
[4,17-19]. Such biofilms are resistant to antibiotic and
chemical attack [20-23]. Povidone-iodine (polyvinylpyr-
rolidone) is an effective broad-spectrum disinfectant
that is widely used in medicine for topical applications
[24,25].

The present study evaluated the effect of mechani-
cal and chemical oral prophylactic cleansing using
povidone-iodine solution on the reduction of the
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biofilm-forming respiratory pathogens
receiving endotracheal anesthesia.

in patients

Materials and methods

A total of 32 patients classified as American Society
of Anesthesiolosists Physical Status I or II (mean age
and SD, 28.9 + 8.4 years; range, 19-55 years) at Chiba
Hospital, Tokyo Dental College, who were scheduled to
undergo oral surgery requiring endotracheal intubation,
were enrolled after written informed consent had been
obtained. None of the subjects had been given any anti-
biotic during the 3 weeks prior to the study. No finding
of infectious disease, such as sinusitis or respiratory in-
fections, was shown in the hemanalysis or the chest
X-ray photograph. The patients underwent total
intravenous anesthesia with propofol and fentanil.
Nasotracheal intubation was performed on all patients.
The Blue Line (Portex, Hythe Kent, UK) with a cuff
was used. Five percent povidone-iodine solution
(Isodine, Meiji, Tokyo) at an iodine concentration of
5Smg-ml~! was used for preoperative decontamination of
the oral cavity. After the operation, extubation was per-
formed immediately, and the intubation time was not
prolonged. All patients received nutritional support
by nasogastric tube for 3 days after the operation and
were not given antacids or H,-blockers during the inves-
tigation period. All patients were given cephazolin
(3 g-day ") starting 12h before the induction of anesthe-
sia until 5 days after surgery. The surgical procedures
mainly consisted of orthognathic surgery; procedures
involving infectious diseases were excluded. We en-
rolled 32 subjects and randomly assigned them to two
groups: the cleansing group (n = 16) and the non-
cleansing group (n = 16).

To collect samples for microbial studies, the patients
gargled with 5-ml samples of distilled phosphate-
buffered saline (PBS, pH 7.4) for 20s on the day before
surgery. For mechanical and chemical oral cleansing, we
used an Electronic Toothbrush System (Dento-Erac 910,
Ozkqa, Lion, Tokyo, Japan) capable of automatically
supplying and aspirating solution. The cleansing, includ-
ing brushing the teeth; scrubbing the periodontium,
buccal mucosa, and tongue; and rinsing, was carried out
24h before surgery using 200ml of 0.5% povidone-
iodine solution (Isodine-Gargle, Meiji, Tokyo, Japan)
at an iodine concentration of 0.5mg-ml~'. To avoid
contamination of the gargle sample by povidione-
iodine solution, all procedures were completed with a
thorough rinse with tap water. Thirty minutes later, we
examined the effect of cleansing on the total number of
colony-forming-units (CFUs) of anaerobic organisms
and C. albicans cells. All patients in the oral cleans-
ing group performed oral rinsing with S0ml of 0.5%

povidone-iodine solution twice a day after surgery [24].
Seven days after surgery, between 9:00 and 10:00 a.m.
and before oral rinsing with povidone-iodine solu-
tion, gargle samples were obtained for microbial
examination.

After obtaining the gargle samples, we carried out
the microbial analysis as a non-double-blind study.
The samples were diluted with PBS in a gradient of
1:10 steps down to 1:1073, and 100ul of each dilution
was inoculated onto duplicate trypticase soy agar
plates (Becton Dickinson, Cockeysville, MD, USA)
supplemented with hemin (5ug-ml-!), menadione
(0.5ug-ml~1'), and 10% defibrinated horse blood. These
inoculated plates were incubated at 37°C for 1 week in
an anaerobic chamber containing 10% CO,, 10% H,,
and 80% N,. The total CFUs of anaerobic bacteria in
each sample were counted.

For detection of Staphylococcus species, a selective
medium (No. 110 Medium, Difco Laboratories, Detroit,
MI, USA) was used. For detection of methicillin-
resistant  Staphylococcus  aureus (MRSA) and
methicillin-resistant Staphylococcus epidermidis
(MRSE), a selective medium containing 16g-1-! of
phenol-red broth base (Difco), 10ug:ml— of
polymyxicin-B sulfate (Pfizer, Tokyo, Japan), and
6ug'ml-! of oxacillin sodium salt (Stacillin, Banyu
Pharmaceutical, Tokyo, Japan) was used [26]. Colonies
isolated from this selective medium were confirmed to
harbor the mecA gene by polymerase chain reaction
(PCR) [27]; their biochemical characteristics were ex-
amined, and then they were identified as MRSA and
MRSE as described previously [28]. For detection of
P. aeruginosa by examination of culture, we used a
modified selective medium, Cetrimide agar (Nippon
Pharmaceutical, Tokyo, Japan) as reported by Fonseca
et al. [29] and Campbell et al. [30]. For detection of C.
albicans, Candida GE agar (Nippon Pharmaceutical)
was used. After examination of the biochemical charac-
teristics of the colonies on selective medium, we identi-
fied C. albicans as described previously [28].

PCR was used to detect S. pneumoniae [31], H.
influenzae [32], P. aeruginosa [33], Porphyromonas
gingivalis [34], Actinobacillus actinomycetemcomitans
[34], and Chlamydia pneumoniae [35]. The primers used
in these reactions are listed in Table 1 and have been
described in previous studies [31-35]. The reagents used
in this experiment were purchased from Wako Pure
Chemical Industries, Tokyo, Japan. Each 2-ml aliquot
sample of gargled fluid was centrifuged at 10000X g for
15min. The precipitate was resuspended by vortex mix-
ing in 200 ul of 10mM Tris-HCI buffer (pH 7.8) contain-
ing SmM EDTA, 0.5% sodium dodecylsulfate (SDS),
and 80ug of proteinase K and lysed by incubation at
56°C for 120min. This was followed by phenol extrac-
tion and precipitation of DNA by ethanol. The DNA
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Table 1. List of PCR primers used in this study
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No. of bases

Species Nucleotide sequence 5'—3’ amplified
Streptococcus pneumoniae

SPI AGGATAAGGAACTGCG

SP1I CTTATTTTCTGACCTTTCA 247
Haemophilus influenzae

F1 AACTTTTGGCGGTTACTCTG

R2 CTAACACTGCACGACGGTTT 351
Pseudomonas aeruginosa

PAL 1 ATGGAAATGCTGAAATTCGGC

PAL?2 CTTCTTCAGCTCGACGCGACG 504
Porphyromonas gingivalis

PG 1 ATAATGGAGAACAGCAGGAA

PG II TCTTGCCAACCAGTTCCATTGC 131
Actinobacillus actinomycetemcomitans

Aal CAGCAAGCTGCACAGTTTGCAAA

Aall CATTAGTTAATGCCGGGCCGTCT 238
Chlamydia pneumoniae

Cpn A TGACAACTGTAGAAATACAGC

Cpn F GGTTGAGTCAACGACTTAAGG 446
Staphylococcus aureus

aureusF AATCTTTGTCGGTACACGATATTCTTCACG

aureusR CGTAATGAGATTTCAGTAGATAATACAACA 422
Methicillin-resistant Staphylococcus aureus

MSAF AAAATCGATGGTAAAGGTTGGC

MSAR AGTTCTGCAGTACCGGATTTGC 533

was then dissolved in 20l of distilled water. PCR was
performed using a GeneAmp PCR System 9700
(Perkin-Elmer, Foster City, CA, USA). The reaction
mixture (50ul) contained 1ul of DNA template, 50 pM
of primers, 1.25U of Taq DNA polymerase (Takara,
Shuzo, Shiga, Japan), Sul of 10X reaction buffer, and
200uM of the four deoxynucleotide triphosphates sup-
plied with Taq polymerase. For S. pneumoniae, H.
influenzae, and P. aeruginosa, the total number of PCR
cycles, denaturation, annealing, and extension followed
the recommendations in our previous reports [28].

Five microliters of each of the amplified products
were analyzed by electrophoresis in 2% agarose gel in
1 X TBE buffer (90mM Tris-borate, 2mM EDTA;
pH 8.3) at 100V for 40min. A low-DNA Mass Ladder
(Life Technologies, Gaithersburg, MD, USA) was used
as the molecular size standard. The gel was stained
with ethidium bromide (0.5ug-ml~') and photographed
under ultraviolet illumination with Polaroid film
(Polaroid, St. Albans, UK). The optical density of the
various bands was quantified with Kodak Digital Sci-
ence 1D Image Analysis Software (Eastman Kodak,
Rochester, NY, USA).

The differences in the rates of detection in cultures
before and after surgery were evaluated by the chi-
square test. One-way analysis of variance was used to
compare the numbers of CFUs before and after oral
cleansing and 7 days postoperatively.

Results

There were no significant differences in age or sex be-
tween the cleansing and the noncleansing groups. The
detection ratios of microorganisms examined by PCR
and culture methods before the cleansing treatment
are summarized in Fig. 1. We found a high prevalence
(87.5%) of S. pneumoniae in gargle samples from 32
patients undergoing surgery under endotracheal anes-
thesia. The DNA sequences of the amplified S. pneu-
moniae spacer regions of the 16S and 23S rRNA genes
were confirmed to be identical to those of this species.
The PCR detection rates of H. influenzae, P. aeru-
ginosa, and P. gingivalis were 68.8%,53.1%,and 40.6%,
respectively. Neither A. actinomycetemcomitans nor
C. pneumoniae was detected in any of the gargle
samples by PCR.

The culture detection rates of S. aureus, MRSA, S.
epidermidis, and MRSE in gargle samples from 32 pa-
tients before surgery were 34.4%, 9.4%, 56.3%, and
15.6%, respectively. We confirmed that the identified
MRSA and MRSE possessed the mecA gene. The de-
tection rates of P. aeruginosa and C. albicans by the
culture method were 15.6% and 28.1%, respectively.
The detection rates of P. aeruginosa by the culture
method were lower than those by PCR (P = 0.068), but
the differences were not significant.
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Fig. 1. Detection rates of (A) Streptococcus pneumoniae (S.
pneuw.), Haemophilus influenzae (H. influ.), Pseudomonas
aeruginosa (P. aer.), and Porphyromonas gingivalis (P. ging.)
by the PCR method and of (B) Staphylococcus aureus (S.
aur.), methicillin-resistant S. aureus (MRSA), S. epidermidis
(S. epid.), methicillin-resistant S. epidermidis (MRSE), and
Candida albicans (C. alb.) examined by culture methods in
gargle samples obtained from 32 patients before mechanical
and chemical prophylactic oral cleansing. Neither Actino-
bacillus actinomycetemcomitans nor Chlamydia pneumoniae
was detected by PCR

The means and standard deviations of the number of
anaerobic bacterial CFUs grown on blood agar plates
and CFUs of C. albicans on Candida GE medium ob-
tained before cleansing, 30 min, after cleansing, and 7
days after surgery from 16 patients are shown in Fig. 2.
The average number of CFUs in the gargle samples
obtained after oral cleansing using povidone-iodine so-
lution were significantly reduced 30 min after cleansing
and 7 days after surgery (P < 0.01). We detected C.
albicans cells in only 4 samples from the 16 patients.
Reduction in the mean number of C. albicans was also
noted 30 min after cleansing (P = 0.108) and 7 days after
surgery (P = 0.068), but these reductions were not
significant.

The oral cleansing effects on microorganisms exam-
ined by PCR and culture methods are summarized in
Fig. 3. We compared pre- and posttreatment findings
among 16 subjects in a nonrandomized study. It was
found by the PCR method that the combination of
mechanical and chemical oral prophylactic cleansing
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Fig. 2. Effects of mechanical and chemical prophylactic oral
cleansing with povidone-iodine solution on viable cell
numbers of oral anaerobic bacteria and C. albicans in gargle
samples obtained from 16 patients. Mean number of colony-
forming units (CFUs) with standard deviations examined
before the cleansing treatment, 30 min after cleansing, and 7
days after surgery. * P < 0.01 vs. before cleansing. PBS,
phosphate-buffered saline

resulted in significant reductions in the detection rates
of S. pneumoniae (P < 0.05) and H. influenzae (P <
0.05), but not of P. aeruginosa. Culturing demonstrated
that the treatment including cephazolin administration
reduced both methicillin-sensitive S. aureus (P < 0.01)
and S. epidermidis (P < 0.05), but not MRSA, MRSE,
P. aeruginosa, or C. albicans. However, no reduction in
S. pneumoniae, H. influenzae, or P. aeruginosa was
found by the PCR method in the group taking
cephazolin for 5 days without oral prophylactic cleans-
ing (Fig. 4). Cephazolin administration without the oral
cleansing treatment significantly reduced methicillin-
sensitive S. epidermidis (P < 0.01). However, we unex-
pectedly found increases in the detection rates of P.
aeruginosa (P = 0.068) and C. albicans (P < 0.05) in the
group without oral cleansing.

The densities of amplifitd DNA bands of S.
pneumoniae in samples obtained before prophylactic
oral cleansing were compared with those obtained 7
days after the cleansing treatment (Fig. 5). The net
intensity ranged from 0 to 87719 in the samples exam-
ined. As shown in Fig. 5, prophylactic oral cleans-
ing resulted in either an intensity of 0 or a decreased
net intensity of S. pneumoniae PCR bands in gargle
samples obtained from 16 patients 7 days after surgery.
However, there was no significant reduction of the in-
tensity in 11 of 16 patients who had not undergone
mechanical and chemical oral cleansing treatment.
There was no diagnosis of postoperative infectious
disease, including respiratory infection, in any of the
32 patients.
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Fig. 3. Comparison of detection rates between gargle samples
obtained from 16 patients before mechanical and chemical
prophylactic oral cleansing and those obtained 7 days after
the cleansing treatment. A S. pneumoniae (S. pneu.), H.
influenzae (H. influ.), P. aeruginosa (P. aer.), and P. gingivalis
(P. ging.) were examined by the PCR method. B S. aureus (S.
aur.), MRSA, S. epidermidis (8. epid.), MRSE, and C. albicans
(C. alb.) were examined by culture methods

Discussion

Pneumonia that develops within 48h in critically ill pa-
tients under mechanical ventilation is thought to be
associated with the ventilation process [3,7,8,36]. It has
been reported that poor oral hygiene and severe peri-
odontal disease increase the colonization of oral bacte-
ria in the oropharynx and lung [17,18,28]. In the present
study, we found high detection rates of S. pneumoniae,
H. influenzae, and P. aeruginosa by the PCR method
in gargle samples from patients undergoing oral and
maxillofacial surgery that required endotracheal intuba-
tion. In our previous study, we found a high prevalence
of S. pneumoniae in gargle samples from healthy
young and elderly persons [28]. To confirm the presence
of S. pneumoniae in these gargle samples, we ex-
amined them by an immunofluorescence method.
Fluorescent cells stained with antiserum against S.
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Fig. 4. Comparison of detection rates between gargle samples
obtained from 16 patients who had not received any chemical
oral cleansing treatment before surgery and those obtained
from the same group 7 days after surgery. A S. pneumoniae (S.
pneu.), H. influenzae (H. influ.), P. aeruginosa (P. aer.), and P.
gingivalis (P. ging.) were examined by the PCR method. B S.
aureus (S. aur.), MRSA, S. epidermidis (S. epid.), MRSE, and
C. albicans (C. alb.) were examined by culture methods
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Fig. 5. Comparison of densities of amplified S. pneumoniae
DNA bands between the gargle samples obtained before and
after surgery in the mechanical and chemical prophylactic oral
cleansing group (A) and in the noncleansing group (B)
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pneumoniae (Biogenesis, Poole, UK) were found only
in strongly PCR-positive gargle samples (data not
shown).

More than 500 bacterial species are found in the hu-
man oral cavity [37]. S. preumoniae is a member of the
Streptococcus mitis group that is predominant in the
human oral cavity. Haemophilus species are also endog-
enous in the human oral cavity. We used the PCR
method, which can detect low cell numbers of both
species in gargle samples. In this study, we first tried
to detect and enumerate S. pneumoniae and H.
influenzae by culture methods. Although we isolated
many colonies, we could not identify most isolates as S.
pneumoniae or H. influenzae. It is possible that vari-
ous oral bacterial species interact competitively with
each other in an attempt to survive and prevent other
bacterial growth [38,39]. These antagonistic actions
make it difficult to detect and enumerate S. pneumo-
niae and H. influenzae species by culture methods.

We detected Staphylococcus species, including
MRSA and MRSE, C. albicans, and P. aeruginosa by
culture methods. These microorganisms are known to
form biofilms and to be resistant to many antibiotics
[11-13,23,40,41]. Oral microorganisms grown in bio-
films have also been shown to be more resistant to
various antibacterial agents than their planktonic coun-
terparts [16,23,42]. We did not find any significant
reductions in S. pneumoniae, H. influenzae, P.
aeruginosa, MRSA, or MRSE in gargle samples ob-
tained from surgical patients administered systemic
cephazolin for 5 days without undergoing mechanical
and chemical oral prophylactic cleansing with
povidone-iodine solution. Unexpectedly, the detection
rates of P. aeruginosa and C. albicans after cephazolin
administration were higher than those before surgery.
These results indicated that systemic cephazolin admin-
istration for 5 days was not effective in elimination of
either microorganism and might have induced super-
infection by P. aeruginosa and C. albicans in some
patients.

Previous clinical trials have examined the possibility
of eliminating nosocomial respiratory pathogens by
topical antimicrobial prophylaxis rather than systemic
antibiotic administration. Pugins et al. [2] demon-
strated, by a randomized, placebo-controlled, double-
blind clinical trial, that topical oropharyngeal antibiotic
application of polymyxin B, neomycin sulfate, and van-
comycin hydrochloride produced a significant reduction
in aerobic gram-negative bacterial colonization and
ventilator-associated pneumonia. Rodriguez-Roldan et
al. [43] also showed that nosocomial pneumonia, which
is a frequent complication in critically ill patients on
mechanical ventilation, could be prevented by local
application of nonabsorbable antibiotics containing
tobramycin, amphotericin B, and polymyxin E to the

oropharynx. In addition, DeRiso et al. [44] investigated
whether a chlorhexidine oral rinse would be useful
in preventing pneumonia in patients scheduled for
heart surgery. The results showed a 65% reduction in
pneumonia, which included a significant reduction in
respiratory infections caused by bacteria. The authors
concluded that the use of chlorhexidine might have
fewer side effects than broad-spectrum antibiotic ad-
ministration in selective decontamination for the pre-
vention of pneumonia. Bergmans et al. [45] showed the
significance of oral decontamination in the prevention
of nosocomial infections in critically ill patients and of
ventilator-associated pneumonia. In the present study,
we found that mechanical and chemical prophylactic
oral cleansing using povidone-iodine effectively re-
duced the numbers of anaerobic bacteria. This oral
hygienic treatment also resulted in the elimination
or reduction of S. pneumoniae and H. influenzae. The
detection rates of H. influenzae before cleansing with
mechanical and chemical oral hygienic treatment were
slightly higher than those in the noncleansing group, but
the difference was not significant by the chi-square test.
However, further analysis in the larger series is essential
to completely eliminate sampling bias.

In conclusion, mechanical and chemical oral cleans-
ing using povidone-iodine appears to have been effec-
tive in eliminating these microorganisms in oral biofilms
such as dental plaque. All the patients in the oral cleans-
ing group carried out oral rinsing with povidone-iodine
twice a day after surgery. It is possible that continuous
oral cleansing with povidone-iodine solution could ef-
fectively eliminate these pathogens from the oral cavity.
In fact, we and other groups have shown that continu-
ous professional mechanical cleansing did reduce the
cell numbers of potential respiratory pathogens [28,45—
47]. Based on these findings, we emphasize that me-
chanical and chemical prophylactic cleansing of the oral
cavity with povidone-iodine is an effective protocol for
reducing potential respiratory pathogens in patients
undergoing endotracheal anesthesia.
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