LAMP for detection of penodontal pathogen

{Maeda et al., 2005; Yoshida er al,, 2005). In this study, we
expanded the application of the LAMP method to cight
major periodontal pathogens — Aggregatibacter (Actinobacillus)
actinomycetemcomitans, Campylobacter rectus, Eikenella corro-
dens, Fusobacterium nucleatum, Porphyromonas gingivalis, Pre-
votella intermedia, Treponema denticola and  Tannerella
forsythia — and evaluated their sensitivity and specficity.
Further, intact cells and boiled cells were tested as templates
besides the extracted DNA template to examine the influence
on LAMP sensitivily.

Materials and methods

Bacterial strains and culture conditions

The bacterial strains used in this study were as follows:
A, actinomycetemcomitans Y4, C. rectus ATCC 33238, E
corrodens ATCC 23834, F nucleatum ATCC 25586, P
gingivalis 381, P. intermedia ATCC 25611, T. denticola ATCC
35405, T. forsythia ATCC 43037, Porphyromonas gingivalis, F.
nucleatum and P intermedia were cultured in modified
GAM broth (Nissui Seiyaku Inc., Tokyo, Japan) at 37 °C in
an anaerobic box (Model ANX-1; Hirasawa Works, Tokyo,
Japan) containing 80% N, 10% H; and 10% CO,. Aggrega-
tibacter (Actinobacillus) actinomycetemcomitans, C. rectus
and T. denticola were cultivated according to the methods
described previously (Kokeguchi et al., 1989, 1991; Miya-
moto et al., 1991). Cultured T. forsythia was kindly provided
by Dr T. Hino (Hiroshima University Graduate School of
Biomedical Science). The cells were harvested by centrifuga-
tion at 10000g for 20 min at 4°C, and cell numbers were
determined using a Petroff-Hauser counting chamber and a
phase-contrast microscope,

Preparation of the LAMP template

InstaGene Matrix (Bio-Rad Lab, CA) was used for DNA
extraction from cultivated strains and clinical dental plaque
samples according to the manufacturer’s instructions.
Briefly, plaque samples and cultivated bacteria were sus-
pended in | mL of phosphate-buffered saline [PBS (- )|
(Gibco BRL, MD) and were pelleted and resuspended in
100 pL of InstaGene Matrix. The suspension was incubated
at 56 °C for 30 min and then at 100°C for 8 min. After the
incubation, the suspension was centrifuged and 2 uL of the
resulting supernatant was used as a template for LAMP and
conventional real-time PCR (Maeda et al., 2003). To simplify
the examination system, intact cells and boiled cells were
tested as template besides the DNA extracted sample. Bacter-
ial cells were suspended in 100 uL PBS ( —), and 2 uL of the
bacterial suspension was used for LAMP directly or after a
boiling step for 5min. To examine a detection limit of the
LAMP method, templates were prepared from serial diluted
cells of each periodontal pathogen.
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Clinical samples

Sampling of subgingival plaque from periodontitis patients
was performed at Okayama University Hospital of Medicine
and Dentistry after obtaining informed consent. Samples
were obtained from their periodontal pockets by inserting
paper points (#45, Zipperer, Germany) as described pre-
viously (Nishimura et al., 1990), and DNA templates were
prepared by InstaGene Matrix. The DNA samples were used
for clinical microbiological diagnosis by conventional real-
time PCR (Maeda et al, 2003). By real-ime PCR, total
bacterial counts, and numbers of A. actinomycetemcomitans,
P intermeta and P. gingivalis in the samples were quantified,
and the remaining plaque DNA samples were stored at

—30°“C. Ten plaque DNA samples including > 10° of total
bacterial counts and various numbers of the three species
were selected from the sample stocks for the LAMP analysis.

Primers for LAMP

Primers for LAMP were designed to target the 165 rRNA
gene. Primer Explorer version 2 (Fujitsu, Tokyo, Japan)
was used at the Net Laboratory website (http://www.
netlaboratory.com/) to nominate the candidate primers, A
set of four primers, a forward inner primer (FIP), a back-
ward inner primer (BIP) and two outer primers (F3 and B3)
(Notomi et al., 2000), containing species-specific sequences
of the 165 rRNA gene, was selected from the candidates
for each pathogen. Before the selection, species-specific
regions on the 165 rRNA gene were identified by alignment
of the published sequence data from the GenBank at the
National Center for Biotechnology Information website. For
the alignment, 165 rRNA gene sequences of Prevotella
nigrescens, Porphyromonas endodontalis and Escherichia coli
were also compared with their eight sequences in this study.
One or two loop primers (LF, LB) were designed for each
target and used to accelerate the reactions (Nagamine et al.,
2002).

LAMP reaction

The LAMP reaction for each periodontal pathogen was
carried out using a Loopamp DNA amplification kit (Eiken
Chemical Co. Ltd, Tochigi, Japan) in a 25-pL volume. The
reaction mixture contained 40pmol each of FIP and BIP,
5 pmol each of F3 and B3 primers, 2 ul. of template, 1 pL of
Bst DNA polymerase (8U) and 12.5 uL of reaction mixture
prepared in the kit. For acceleration of the LAMP reaction,
20 pmol of loop primer (LB or each of LF and LB) was added
to the reaction mixture. The reaction mixture was incubated
at 62, 64 or 66°C for 60min. After the incubation, the
reaction was terminated by heating the reaction mixture at
80 °C for 2 min.
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Detection of LAMP products

The LAMP product was detected by naked-eye inspection or
agarose gel electrophoresis. For naked-eye detection, 1.0pL
of 107" -diluted SYBR Green I (Takara Bio Inc,, Otsu, Japan)
was added to the reaction mixture, and the color change was
observed. For the electrophoretic analysis, 2 uL of reaction
mixture was loaded on 2% agarose gel. The gel was stained
with ethidium bromide (I mgmL™") and assessed photo-
graphically under UV light (302 nm).

Real-time PCR

Real-time PCR was performed for quantitative detection of
A. actinomyceterncomitans, P. gingivalis and P. intermedia as
described previously (Maeda er al,, 2003). The cineamp®
5700 sequence petecTioN sysTeM (PE Applied Biosystems)
was used for monitoring the fluorescence from dsDNA-
binding SYBR Green I. The PCR mixture contained
2 = SYBR Green PCR Master Mix (PE Applied Biosystems),
20pmol of forward and reverse primer, and 2 pL of ex-
tracted DNA. Both forward and reverse primers were
designed from the species-specific regions of 165 rRNA gene
(Maeda et al., 2003). The thermocycling program was 40
cycles of 95°C for 155 and 60 °C for 1 min with an initial
cycle of 95 °C for 10 min. The data were analyzed using the
GENEAMP 5700 sps software (PE Applied Biosystems).

Results and discussion

Primer design and specificity of LAMP

Primer sets for the LAMP of eight periodontal pathogens are
listed in Table 1. The primer sets were designed to include
species-specific sequences of the 165 TRNA gene. Locations
of the LAMP primers in the 165 rRNA gene sequence were
shown in supplementary Fig. S1. Because species-specific
sequences are conveniently identified, the 165 rRNA
gene is now widely used as a target for molecular micro-
biological diagnosis. By targeting the 165 rRNA gene of a
multicopy gene, high sensitivity would be expected. On the
other hand, the sequence similarity of 165 rRNA gene
among the closely related species sometimes causes non-
specific amplification. However, because LAMP was a highly
specific method that required six distinct sequences for the
amplification, the 165 rRNA gene was used in the current
study.

Before the serial experiments, optimum reaction tem-
perature was determined using the designed primers, The
reactions of LAMP for each periodontal pathogen were
performed under isothermal conditions at 62, 64 or 66 'C
for 60 min using the DNA-extracted template from 10" cells
of each target. LAMP was performed successfully under
the three different thermal conditions, The LAMP product
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amplified at 64 *C exhibited a slightly larger amount of DNA
as compared with other conditions in all tested strains (data
not shown). Therefore, the series of experiments were
performed at 64 °C.

The specificity of LAMP was examined using an extracted
DNA template prepared from a cell mixture of all tested
species (10 cells of each species) or a cell mixture of seven
species (10" cells of each species) without the target. The
LAMP products were electraphoretically detected and are
shown in Fig. 1. LAMP reactions with the designed primer
set for each periodontal pathogen successfully amplified the
DNA by using the DNA-extracted template including all
tested species. The LAMP products appeared as a ladder-like
pattern on the agarose gel because of its characteristic
structure (Notomi et al., 2000); however, the primer sets
did not amplify the DNA with the extracted DNA template
prepared from the cell mixture excluding the target (Fig. 1).
These results demonstrated the high specificity of
the designed primer sets of LAMP for each periodontal
pathagen.

Sensitivity of LAMP

For sensitivity testing, LAMP reaction was performed for 30
or 60 min using serial diluted templates prepared by Insta-
Gene Matrix. The LAMP amplicons were detected by both
agarose gel electrophoresis and naked-eye inspection. The
results of electrophoretic detection for the 60-min LAMP are
shown in Fig. 2. The detection limits of LAMP for the tested
periodontal pathogens were less than one cell per tube
except for E. corrodens. DNA amplification was occasionally
seen in the seven species when the amount of template DNA
was genome equivalent in 0.5 cell (Aa, Cr, Pg, Td and Tf in
Fig. 2). By targeting the 165 rRNA of multicopy gene, high
sensitivity was obtained. Ten target cells were required as
template for the detection of E. corrodens. The LAMP
conditions for the tested species were the same other than
the primers. The lower sensitivity of LAMP for E. corrodens
may be due to the primer design, and a new designed primer
set would be needed for higher sensitivity. However, because
the current sensitivity was not critically inferior to other
PCR-based molecular techniques (Slots et al., 1995; Harper-
Owen et al., 1999; Lyons et al., 2000; Sakamoto et al., 2001;
Maeda er al,, 2003), the method is possibly applicable to
clinical examination.

Compared with the 60-min LAMP, the sensitivity of the
30-min LAMP declined in all cases. Ten template cells were
required for the detection of seven periodontal pathogens
except for E. corrodens, and 100 cells were required for the
detection of E. corrodens by the 30-min LAMP. The naked-
eye inspection for each periodontal pathogen demonstrated
equal detection limits to the electrophoretic analysis in both
30- and 60-min LAMP reactions (data not shown).
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Table 1. LAMP pnmers for the penodontal pathogens

377

Target species Primer Sequence

A actinomycetemcomitans FiP 5"-CCCCACGCTTTCGCACATCATACCGAAGGE GAAGGCAG-3'
BIP 5-AGATACCCTGGTAGTCCACGCTTTCGGGCACCAGGGL TAAAL-F
F3 5-TGCGTAGAGATGTGGAGGAA-3'
83 5'-GGLGGTCGATITATCACGT-3
LB 5'-AAACGGTGTCGATTTGGGGAT-3'

C. rectus Fip 5-COTCATAGCCTTGGTAGGC CGTAGGATGAGGCTATATC GTAT-3'
gip 5-AGTCACACTGGAACTGAGACGGGTTTCCCCCATTGAGC-3"
F3 5'-AGTCGGGAAAGTTTTCGGTG-
B3 5'-AAAGTGTCATCCTCCACGE-3'
L8 5-ACGGTCCAGACTCCTACGG-3'

E. corrodens FIP 5'-GGTAGGCCTTTACCCCACC AACCAAGACCTCGCGTTATTCGA-3'
BIP 5"-ACGATCAGTAGCGGGTCTGAGAAATTCCCCACTGCTGLTC-3
F3 S"-CTAATACCGCATACGTCCTA-3
B3 5'-GTTGCCCCCATTGTCCAA-3'
LB 5'-TGAGACACGGCCGCTCCTA-3'

F nucleatum FIP 5'-TCCAATATTCCCCACTGCTGCCGCCACAAGGGGALCTGAGA-3'
BIp TCCAGCAATTCTGTGTGCACGAGTACCGTCATTTTTTTCTTC-3'
F3 5'-AGGCGATGATGGGTAGCC-3
83 5~AGCCGTCACTTCTTCTGITG-3"
LF 5-TCCCGTAGGAGTAAGGGCC-3'
LB S-TCGGAATGTAAAGTIGLTTTCAGTTG-3'

P gingivalis FIP 5'-CACCACGAATTCCGCCTGCCTGAGCGCTCAACGTTCAGLC-3'
BIP 5-ATCACGAGGAACTCCGATTGCGCGCCTTCGTGCTICAGTG-3
F3 5'-GGTAAGTCAGC GGTGAAACC-3'
83 5'-GCGTGGACTACCAGGGTAT-3
LB S5 -GCAGCTTGCCATACTGCGA-3'

B intermedia FIP S5-COTTACCCGCACTAACAAGCTAATATGGCATCTGACGTGGAC-3"
BIP S-GCCCACCAAGGCTCGATCAGGGACCGTGTCTCAGTTCCA-3'
F3 S-ACGGCCTAATACCCGATGTT-3'
83 S§-CTGCCTCCCGTAGGAGTT-3
LF 5-CATCCTCCACCGATGAATCTTTG-3'
LB 5'-TAGGGGTTCTGAGAGGAAGGT-3'

T denticola Fip 5"-CATCCTGAAGCGGAGCCGTAGTACCGAATGTGCTCATTTAC-3'
BIP 5 -GCTGGTTGGTGAGGTAAAGGC CATCTCAGTCCCAATGTGTCC-3
F3 5'-CCCTGAAGATGGGGATAGCT-3
B3 5-TGCCTCCCGTAGGAGTTTG-3'
LB 5-CACCAAGGCAACGATGGGTAT-3'

T forsythia FIP 5'-CCATCCOCAACCAATAAATCTCTAATACCTCATAAAACAGG-3'
BIP S -TAAGCCATCGATGGTTAGGGC GTGTCTCAGTACCAGTGTGS'
F3 5"-GATAACCCGGCGAAAGTCG-3'
B3 5-TGLCTCCCGTAGGAGTCT-3'
LB 5-GTTCTEAGAGGAAGGTCCCC-3'

Influence of the template preparation
procedure

For further application of the LAMP method to clinical
diagnosis, we attempted to simplify template preparation.
Besides the extracted DNA template by InstaGene Matrix,
intact cells and boiled cells were tested as templates to
examine the influence of crude templates on sensitivity.
The LAMP reaction was performed for 60min and the
amplicon was detected by agarose gel electrophoresis. The
seven tested species except for E. corrodens demonstrated the
same results; that the detection limits for boiled cells and
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intact cells were 10 and 100 cells per tube, respectively. The
representative result of A. actinomycetemcomitans is shown
in Fig, 3. For the detection of E. corrodens, 10 times more
cells were required compared with other species. The results
suggested the possibility of the direct use of the plaque
sample for the LAMP assay. Because intact bacteria required
100 times the cell number for DNA amplification as
compared with extracted DNA template, 1% of bacterial
cells were estimated to be injured during the manipulation
and incubation step at 64 °C.

The sensitivity of LAMP for the crude templates
(10100 cells per tube) was higher than that of culture
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Fig. 1. Specificity of LAMP. The LAMP primer set was d
Fn, Pg, Pi, Td and Cr represent Aggregatibacter (Ac

nucleatum, Porphyromonas gingvals, Prevo intermedia

electropharetically detected

agarose g

extracted template including 10° cells of all 1ested species (lane

DNA amplification was obs

Mix). No amplicon was seen w

nobaciflus) actinomyceterncomitans, Tannerefla forsythia, Eikenella corrodens, Fusobacterium
Ireponema denticola and Campy

hacter rectus, respectively. The LAMP product was
ad in all LAMP rea for each peniodontal pathogen wath the DNA-

emplate DNA was prepared from the mixture of

seven species (107 cells of each species) excluding the target species [lane (-) with the abbreviation of excluded species]. No amplicon was seen in the

negative control of the water template,
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Fig. 2. Detection Iimit of LAMP. The DNA-extracted template was prepared from various cell numbers of each target, and LAMP was carried out at

64 'C for 60min. The LAMP product was elecirophoretically de

shown on each lane. The detection hmi LAMP was less thar

indwicually five times, and DNA amplification was

cells for the detection of E comodens. Abbrewviations of the teste

methods (Lau er al., 2004; Boutaga er al,, 2005), but was
lower than the PCR method (Slots er al,, 1995; Harper-
Owen er al., 1999; Lyons et al., 2000; Sakamoto er al,, 2001;
Maeda et al., 2003). The relationship between the presence
of periodontal pathogens and the clinical aspects of period-
ontitis have been demonstrated (Socransky et al,, 1998; Tran
& Rudney, 1999). Contrary to this, a few reports demon
strated the relationship between the quantities of period-
ontal pathogens and the chimical aspects (Socransky er al.,
1991; Kawada er al., 2004). In addition, most periodontal
pathogens are found in periodontally healthy subjects (Tran
& Rudney, 1999) and the amounts of periodontal pathogens
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ted on 2% agarose gel. The target cell number equivalent to one reaction tube was
e cell per tube except for Elkenella corrodens, The sensitivity tests were perfarmed
occasionally seen when the amount of template DNA was equivalent to 0.5 cell. LAMP required 10

ecies correspond o those in hg, 1.

in penodontal pockets have been reported to vary a great
deal (Socransky et al., 1991; Kawada et al., 2004). Therefore,
the diagnostic cut-off of the quantities of periodontal
Eick & Pfister (2002)
reported the cut-off of genome equivalents in 10°-10"

pathogen cannot be defined so far

of periodontal pathogens using the microDent™ kit (Hain
Diagnostika, Germany) based on the PCR method. The
utility of the kit was demonstrated in the report, but the
definition of the cut-off seems to be unclear. In the current
study, we cannot conclude that the crude templates are
sufficient for the microbiological diagnosis of periodontits.
Simple DNA-purification methods using commercially
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Fig. 3. Influence of the crude template on LAMP Intact bacterial cells suspended in PBS (

1
10 1 10* 10 102 10 1 Water

1 and boiled cells were tested as template besdes the DNA-

extracted template, and the influence on sensitvity was examined. Each LAMP was performed for 60min, and the product was detected on 2%

agarose gel. A representative result of Aggreganibacter (Actinobacillus) actinomycetemcomitans was demonstrated. The number on the gel denoted
the target cell number equivalent to the amount of template in a reaction tube. The detection limit of LAMP using boiled cells and intact cells were 10

and 100 cells per wibe, respectively

available kits may give us a better result. However, it
seems necessary to accumulate clinical data by quantitative,
molecular-based microbiological methods before creating a
guideline of microbiological diagnosis for periodontitis.

Examination of the clinical plaque sample

To evaluate the practicability, LAMP methods for A. actino-
mycetemcomitans, P. gingivalis and P intermedia were ap-
plied to the clinical plaque samples. We have previously
established a real-time PCR method for quantitative detec-
tion of A. actinomycetemcomitans, P. gingivalis and P. inter-
media (Maeda et al., 2003). The method is now applied to
the clinical diagnosis of periodontitis in our hospital. DNA-
extracted samples are being prepared from subgingival
30°C after the
examination. From the sample stock, five samples contain-

plaque, and the samples are stored at
ing more than one cell 2 uL ™" (one cell per reaction tube) of
the target and five samples containing less than one cell
2ul
the target were selected for each LAMP of the three period-

" (less than the quantitative range of real-time PCR) of

ontal pathogens. The LAMP reaction was performed for
60 min, and the LAMP product was detected by agarose gel
electrophoresis. A representative result of A, actinomycetem
comitans is shown in Fig. 4. The LAMP amplicon was seen in
all cases when the real-time PCR detected more than one cell
2ul" of the target. One of the five was positive in the
LAMP for A. actinomycetemcomitans and P gingivalis, and
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four of the five were positive in the detection of P. intermedia
when the cell number in the template was less than one cell,
Because the cell number was less than one cell 2 uL™", it was
out of quantitative range of the real-time PCR, and the
accurate cell number in the clinical sample was unknown.
However, these results demonstrated equal or higher sensi-
tivity of LAMP as compared with real-time PCR. In addition,
sensitivity was at equal level with the LAMP using the
extracted DNA templates from cultivated bacteria. This
result implied that the contamination of bacterial species
other than the target or the contamination of human cells
during the sampling step is not so critical as to influence the
sensitivity. Although the crude template without the DNA-
extraction step was not tested for clinical samples, these
findings may suggest that a relatively high sensitivity would
be expected. In the current study, the LAMP for C. rectus,
E. corrodens, F. nucleatum, T. denticala and T. forsythia was
not applied to clinical samples, and the applicability remains
to be elucidated,

High sensitivity is one of the advantages of the LAMP
method. However, the high sensitivity of LAMP sometimes
causes a problem. We have recently established a LAMP
method for the detection of P. gingivalis (Maeda et al,, 2005)
Using two loop primers, the method demonstrated high
sensitivity with a detection limit of 1-2 copy genes per tube
We applied the method for routine clinical examinations
and had the problem of nonspecific amplification in the
negative control of the water template (unpublished data). It
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Fig. 4. Analyss of cinical plaque samples. The extracted DNA template was prepared from the subgingval plague sample and was subjected 1o
analyss by both real-time PCR and the LAMP method for Aggregatibacter (Actinobacillus) actinomycetemcomitans, Porphyromonas gingivalis and
Prevotelia intermedia. Before LAMP analysis, the target cell number in the reaction tube was quantified by real-time PCR, and an equal volume (2 uL) of
the template was used for LAMP. Five samples containing numerous targets and five samples containing the targets under the quantitative detection
limit of real-time PCR were selected for each LAMP. The LAMP products were detected fram all samples that contained more targets than the
quantitative detection imit of the real-time PCR. However, a positve result was obtained occasionally from samples under the quantitative range of the
real-time PCR (one positive in the LAMP for A actinomycetemcomitans and £ gingnvalis, and four positives for £ ntermedia), A representative result of

A actinomycefemcomitans was demonstrated

is theoretically impossible to amplify DNA from water, and
therefore a cause of the nonspecific amplification was
considered to be contamination of P. gingivalis during the
manipulations. Aerosol from the pipette might be the most
probable cause. In the current study, a new primer set with
only one loop primer was redesigned for P gingivalis.
Although the sensitivity declined a little, nonspecific ampli-
fication from the water s.'!mph' has never been seen so far.
Considering the high sensitivity of LAMP, scrupulous ma-
nipulations are required throughout the examinations.

The greatest advantage of the LAMP method is its
simplicity and the rapidity attributed to continuous amplifi-
cation under isothermal conditions within an hour (Notomi
er al., 2000). As expected, each LAMP method for the eight
periodontal pathogens was accomplished in an hour, and
naked-eye inspection was possible with high specificity and
sensitivity. Further, the trial of the crude template suggests
the applicability of the LAMP method without the DNA-
extraction step. Considering these findings, the LAMP meth-
ods established in the current study are supposed to be
powerful tools for the microbiological diagnosis of period-
ontius, rsptcm"_\' in placrs such as pru'ulc leln. bedsides or
dental chair-sides.
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Abstract

Goals The commercially available saliva substitute Oral-
balance™ has been reported 10 alleviate symptoms of post-
radiotherapy xerostomia in head and neck cancer patients.
Oralbalance®™ may also be effective for xerostomia in
patients undergoing hematopoietic cell transplantation
(HCT) with high-dose chemotherapy and total-body irradi-
ation. However, HCT patients are severely compromised,
and saliva substitute must therefore not promote infection.
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This smdy was performed to determine the effects of
Oralbalance™ on microbial species identified during HCT.
Patients and methods Microbial identification of oral
mucosa was performed in 28 patients undergoing HCT.
The antimicrobial effects of Oralbalance™ against bacteria
and fungi detected in the HCT period were examined in
vitro, Briefly, bacteria and fungi were spread on agar plates,
and 0.1g of Oralbalance® gel was applied (about ¢lcm).
After incubation at 37°C for 24h, the presence of a
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transparent zone of mhibitton around Oralbalance® was
observed.

Main results Not only bactenal species constituting normal
flora of the oral mucosa but also those not usually constituting
normal flora, e.g., coagulase-negative Staphylococcus, were
detected. A transparent zone was observed around Oral-
balance® in all bactenal species examined. No transparent
zone was observed for Candida albicans, but growth was
inhibited in the area where Oralbalance™ was applied.
Conclusions Oralbalance™ does not facilitate increases in
microorgamisms in the HCT period. Oral care with
Oralbalance™ does not promote infection in patients
undergomg HCT.

Keywords Hematopoietic cell transplantation -
Xert ia - Saliva substitute - Antimicrobial activity

Introduction

High-dose chemotherapy and total-body irradiation, which
are performed as the conditioning regimen of hematopoietic
cell transplantation (HCT), are associated with xerostomia.
Xerostomia not only results in uncomfortable oral dryness
but also may cause the oral mucositis induced by
chemotherapy and/or irradiation to be more severe because
patients with xerostomia lose one of the most important
factors in protecting the oral mucosa. saliva, which contains
many components of the innate and acquired defense
systems and not only eliminates microorganisms from the
oral cavity [l, 8] but also moderates mechanical contact
between the teeth and oral mucosa. Indeed, we often see the
development of ulcerative mucositis on mucosa in contact
with dry teeth clinically, Oral care using saliva substitute
may alleviate the symptoms induced by xerostomia.

Oralbalance®, which is a commercially available saliva
substitute, has been reported to alleviate the symptoms of
post-radiotherapy xerostomia in head and neck cancer
patients [7, 9). Therefore, this product may be effective in
HCT patients. However, as these patients are in a markedly
compromised condition throughout the period of HCT,
saliva substitute must not promote infection.

Therefore, the present study was performed to invest-
gate the effects of the saliva substitute, Oralbalance®, on
microbial species identified during HCT

Patients and methods
Identification of microorganisms from oral mucosa

A total of 28 patients undergoing HCT at Okayama
University Hospital (male, 17; female, 11; 38.9 + 16.6 vears

@ Springer

old) were enrolled in this study. Microbial samples were
obtained from oral mucosal swabs. Culture and identification
of microorganisms were performed at the Central Clinical
Laboratory of Okayama University Hospital. Microbial
samples from mucosal swabs were plated onto brain heart
infusion agar plate and cultured in aerobic condition at 37°C.
Identification of obtained colonies was performed by rapid
ID 32 STREP API®, rapid [D 32 E API¥ or ID 32 GN API®
identfication kits (Japan bioMeneux, Tokyo, Japan) accord-
ing 1o the manufacturer’s instructions. Microbial identifica-
tion was performed three times (first: day —7 ~ —1: second:
day 0 ~ +7: third: day +8 ~ +14) for each patient (a total of
84 examinations in 28 patients).

Antimicrobial test of Oralbalance®

The antimicrobial effects of Oralbalance™ against microbial
species in the HCT period, with the exception of those
detected only once throughout the total of 84 examinations
of microorganisms, were examined in vitro. Antimicrobial
tests were performed against the following standard strains:
Streptococcus sanguis American Type Culure Collection
(ATCC) 10556, Streptococeus salivarius Japan Collection
of Microorganisms (JCM) 5707, Neisseria mucosa ATCC
19695, Stomatococcus mucilaginosus JCM 10910, Staphy-
lococcus epidermidis National Institute of Technology and
Innovation Biological Resource Center (NBRC) 12993,
Staphyvlococcus aureus Food and Drug Administration 209,
and Candida albicans NBRC 1385. Aliquots of these bacteria
and fungi at concentrations of McFarland wrbidity standard
No. 0.5 were spread on brain heart infusion agar plates (Difco
Laboratories, Detroit, M1, USA) or Sensitivity Disk Agar-N
plates (Nissui Pharmaceutical. Tokyo, Japan). Then, O.1g
(about @lem) of Oralbalance™ and an equal amount of
Oralbalance® that had been pre-incubated at 90°C for 30min
1o denature the antimicrobial enzymes contained in the gel
were applied separately to the same plates. Tetracycline disks
for antimicrobial ability test (BD Sensi-Disk Tetracycline 30,
BD Biosciences, Franklin Lakes, NJ, USA) or paper
containing 100pg of amphotericin B (Invitrogen, Grand
Island, NY, USA) were also applied to the plates as positive
controls. After incubation at 37°C in air for 24h, bacterial
and fungal growth on the plates was examined.

Results

Microorganisms identified on the oral mucosa during HCT
The microorganisms identified on the oral mucosa during
HCT are shown in Table |. No samples were obtained during

13 of the 84 examinations because of the patients’
conditions. o- and y-Streprococcus spp. (87.3% and
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detected duning HCT. Against fung, although there was no
transparent zone observed on C. albicans cultures, growth was
inhibited in the area where Oralbalance™ had been applied in
vitro. These result suggested that Oralbalance® would not
contribute to the infection in patients undergoing HCT.

There have been some reports regarding the relationships
between the bacteria that constitute the normal oral flora,
e.g.. Streptocaceus species [6] and Stomalococeus species
[2, 3]. and bacteremia in neutropenic paticnts. In the present
study, bacteria not usually seen in the normal flora in the
oral mucosa, e.g., CNS, were also detected with high
frequency during HCT, probably because bacterial substi-
tution occurred due to the use of many antibiotics against
infections in patients under neutropenic conditions. CNS 1s
the bacterium isolated most frequently from blood cultures
of febrile neutropenic patients [3]. The oral mucosa should
be considered a potential source of organisms, including
CNS, associated with bacteremia in immunocompromised
patients [4]. In our in vitro studies, Oralbalance™ did not
facilitate an increase m such microorganisms related to
bacteremia, The antibacterial effect of Oralbalance®™ is
mainly due to antimicrobial enzymes of salivary origin, i.c.,
lactoperoxidase, lysozyme, and lactoferrin, Indeed, no
transparent zonc was observed around heat-incubarted
Oralbalance®. As Oralbalance™ does not contain any
antibiotics, it does not contribute to the appearance of
antibiotic-resistant bacteria.

In conclusion, the saliva substitute, Oralbalance®, would
not facilitate an increase in microorganisms during the HCT

period.
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