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Abstract

Background: Dental caries develops as a result of the metabolism of carbohydrates by cariogenic bacteria present
in a complex biofilm. The present study aimed to examine if bacteria in pooled supragingival plaque samples
quantified using a “checkerboard DNA-DNA hybridization” based panel of caries-related bacteria, could reflect the
caries experience in a manner similar to saliva samples analysed using a chair-side method in a previous
investigation.

Methods: A total of 86 mothers and their children aged 4-6 years and 12-16 years old participated. Caries
experience (DMFT/dmft; Decayed, Missing and Filled Teeth for permanent and primary teeth) was registered
clinically and radiographically. Caries was recorded at the D5 level (caries into dentine). The D/d component was
divided into three categories. A pooled supragingival plaque sample per participant was obtained from posterior
approximal sites. Analyses of 15 bacterial species were performed using the checkerboard DNA-DNA hybridisation
technique.

Results: No significant relationships were found between the bacterial scores and DMFT/dmft nor D/d groups.

Conclusions: Unlike the saliva samples and the chair-side method, interproximal pooled plaque samples analysed
using the “checkerboard DNA-DNA hybridization technique” did not reveal any significant relations between the

bacterial counts and the caries experience.

Background

Dental caries is a multifactorial disease initiated and influ-
enced by a number of key factors [1]. In addition, saliva
plays an important role in maintaining the teeth integrity
by buffering acids produced by cariogenic bacteria and
protecting teeth from decay. Saliva may influence the oral
microflora by adsorbing to the tooth surface forming the
acquired pellicle, which determines which microorganisms
are able to attach and colonize [2]. Saliva has been con-
ventionally used as a diagnostic tool to determine individ-
ual caries activity and risk [3,4]. Such assessment includes
the recording of salivary buffer capacity and counts of
cariogenic bacteria mainly mutans streptococci and lacto-
bacilli using chair-side tests.
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Although salivary analysis may provide a general over-
view of the oral ecology reflecting the caries risk, dental
caries is principally a biofilm-induced disease [5]. Vie-
wing this biofilm (dental plaque) as a complex microbial
ecosystem has enhanced the understanding of its role in
caries development and progression [6]. Cariogenic pla-
ques result when acidogenic and aciduric bacterial spe-
cies increase following high frequency carbohydrate
exposure. The microbial metabolism of such carbohy-
drates will result in the acidification of the biofilm,
which in turn may lead to acid-induced demineralization
of the dental hard tissues [6]. One of the molecular tech-
niques that have demonstrated the diverse microbial
composition of the dental biofilm is the “checkerboard
DNA-DNA hybridisation technique” [7,8]. However, no
caries-specific panel has yet been proposed. It would
therefore be interesting to use the checkerboard DNA-
DNA hybridisation technique with a caries specific panel
to investigate the relationship between individual caries
experience and the counts of different caries-related
supragingival plaque bacteria.
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Table 1 The 15 caries-related bacterial strains used for

the preparation of DNA probes and further comparison

with clinical caries data

Bacterial nomenclature

Strain description & source

Mutans streptococci
Streptococcus mutans
Streptococcus sobrinus

Non-mutans streptococci
Streptococcus mitis
Streptococcus gordonii
Streptococcus sanguinis
Streptococcus salivarius

Lactobacilli
Lactobacillus casei
Lactobacillus salivarius
Lactobacillus fermentum

Actinomyces
Actinomyces odontolyticus
Actinomyces oris
Veillonella parvula
Rothia dentocariosa
Bifidobacterium dentium

Parvimonas micra

ATCC-25175
CCUG-27507

ATCC-49456D-5
ATCC-35105D-5
ATCC-10556D-5
ATCC-9759D-5

ATCC-334D-5
CCUG-55845
OMGS-3182

NCTC-9935
ATCC-12104D-5
ATCC-10790D-5
CCUG-17835
OMGS-1956
ATCC-33270
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The present study was performed as part of a series of
studies on Saudi mothers and their children. One part
aimed at describing the caries experience in relation to
various caries-related factors and a clear association bet-
ween chair-side salivary bacterial counts and caries ex-
perience was found [9]. Another part was designed to
determine if pooled interproximal plaque samples ana-
lysed using the “checkerboard DNA-DNA hybridisation
technique” could reflect the caries experience.

The hypothesis of this cross-sectional study is that
higher caries experiences are associated with higher
counts of caries-related bacteria in supragingival plaque.
The aim of the present study was therefore to examine if
bacteria in pooled supragingival plaque samples quantified
using a “checkerboard DNA-DNA hybridization” based
panel of caries-related bacteria, could reflect the caries
experience in a manner similar to saliva samples analysed
using a chair-side method in a previous investigation.

Methods

Subjects

The study was given ethical approval by the Faculty of
Dentistry at King Abdulaziz University in Jeddah, Kingdom
of Saudi Arabia. The dental records at the Dental Health
and Emergency Clinics at the Faculty of Dentistry were
screened to identify suitable family candidates. The study
comprised 86 volunteer families. From each family, the
mother (mean age 37.0+4.5 years) and two of her chil-
dren, aged 4—6 years old (mean age 5.0+ 0.9 years) and

Table 2 Score distribution for the 15 bacterial strains obtained by the Checkerboard DNA-DNA Hybridization
technique in the mothers, 4- to 6-year-old (C; ) and 12- to 16-year-old (C;;.;6) children

Bacterial Checkerboard scores
Strains Mothers Cas Cai6
n=286 n=286 n=286
<1 3 4 5 <1 2 3 4 5 <1 2 3 4 5
S. mutans 77 1 0 0 68 15 3 0 0 10 76 0 0 0
S. sobrinus 6 80 0 0 0 79 3 4 0 0 9 77 0 0 0
S. sanguinis 17 69 0 0 0 19 66 1 0 0 68 17 1 0 0
S. salivarius 84 2 0 0 0 80 6 0 0 0 83 3 0 0 0
S. gordonii 67 16 3 0 0 67 16 3 0 0 66 16 3 1 0
S. mitis 72 12 2 0 0 72 10 4 0 0 74 12 0 0 0
L. casei 81 5 0 0 0 82 4 0 0 0 81 5 0 0 0
L. fermentum 84 2 0 0 0 82 4 0 0 0 84 2 0 0 0
L. salivarius 84 2 0 0 0 84 2 0 0 0 83 3 0 0 0
A. odontolyticus 83 3 0 0 0 80 6 0 0 0 81 5 0 0 0
A. oris 55 27 4 0 0 40 40 6 0 0 55 30 1 0 0
V. parvula 56 28 1 1 0 50 29 7 0 0 54 29 3 0 0
R.dentocariosa 74 12 0 0 0 72 14 0 0 0 71 14 1 0 0
B. dentium 81 5 0 0 0 81 5 0 0 0 83 3 0 0 0
P. micra 20 28 24 14 0 24 26 28 8 0 29 19 29 8 1
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Table 3 Dentition status (DMFT/dmft) and caries
experience (D/d) in the mothers, 4- to 6-year-old (C4.6)
and 12- to 16-year-old (C,,_q¢) children

Variable Mothers Cas Cia16
n=286 n=286 n=2386

DMFT/deft (mean + SD) 124+53 90+50 58+41
D/d (mean + SD) 55+39 80+5.1 45+37
DMFT/deft =0 (n[%]) 3[3.5] 81[9.3] 10 [11.6]
D/d =0 (n[%]) 10 [11.6] 9 [10.5] 12 [14.0]
Low 17 [19.8] 23 [26.7] 23 [26.7]
Medium 31 [36.0] 25 [29.1] 32 [37.2]
High 38 [44.2] 38 [44.2] 31 [36.0]

12-16 years old (mean age 13.0 £ 1.4 years) volunteered.
Verbal information about the study was given to the pa-
rents and written informed consent was obtained. All the
investigations were carried out by one of the authors (AM).

Caries registration

The dentition status was expressed using the DMFT
index (Decayed, Missing and Filled Teeth) for perma-
nent teeth and dmft for primary teeth. Third molars
were excluded. Caries was registered clinically and radio-
graphically at the Dj level [10]. Bitewing radiographs
were taken for each participant in order to record
approximal decay. All the approximal surfaces in the
dentition from the mesial surface of the first premolars/
primary molars to the distal surface of the second
molars/primary molars were included.

Bacterial plaque samples

Pooled supragingival plaque was sampled from the
approximal sites between teeth 16/15, 25/26, 35/36 and
46/45 in the mothers and older children and teeth 55/54,
64/65, 74/75 and 85/84 in the younger children using sterile
Gracey curettes. If one of the teeth in the approximal site
was missing, an adjacent site was used. Each plaque sample
was placed in an Eppendorf tube containing 150 ul of
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sterile TE buffer (10 mM Tris—HCI, 1 mM EDTA, pH 7.6).
Then 100 yl of 0.5 M NaOH was added to the plaque pellet
and the bacterial suspension was stored at -20°C pending
further processing [11].

Checkerboard DNA-DNA hybridisation

The analysis of bacterial species was performed using the
checkerboard DNA-DNA hybridisation method [12].
Whole genomic probes were prepared from the 15 bacter-
ial strains known to be related to caries as shown in
Table 1. An evaluation of the bacterial count in the sam-
ples was performed by comparing the obtained signals
with the ones generated by the pooled standard samples
containing a count of 10° and 10° of each bacterial spe-
cies, respectively. The signals were coded on a scale from
0 to 5 as follows: 0 = no signal; 1 = a signal density weaker
than that of the low standard (<10° bacteria); 2 = a signal
density equal to that of the low standard (=10° bacteria);
3 =a signal density higher than that of the low standard
but lower than that of the high standard (>10° but <10°
bacteria); 4 =a signal density equal to that of the high
standard (=10° bacteria) and 5=a signal density higher
than that of the high standard (>10° bacteria). Further
details regarding the technique are found in Mannaa et al.
[13]. All the assessments were performed by one examiner
(AM).

Data analysis

All data were analysed using the IBM~ SPSS” statistical
package (PASW version 18.0, IBM", Chicago, Ill, USA).
The D/d component was categorised into low: < 1,
medium: 2—5 and high: > 5 for the mothers and older chil-
dren, and low: < 3, medium: 4-9 and high: > 10 for the
younger children. Cohen’s Kappa for the determination of
the intra-examiner reliability of the caries registration was
calculated. Descriptive statistics, including the means and
standard deviations were calculated separately for the
three groups. Regarding the checkerboard scores, only a
few signal “0” data were recorded and therefore combined
with signal “1” data into “<1”. One-way ANOVA was used
to compare mean differences in the caries experience in

Table 4 Distribution of D/d in relation to S. mutans scores in the mothers, 4- to 6-year-old (C,¢) and 12- to 16-year-old

(C42-16) children

S. mutans D/d
count Mothers Cas Ciz16
Low Medium High Low Medium High Low Medium High
(<1) (2-5) (>5) (<3) (4-9) (>9) (<1) (2-5) (>5)
1 17 29 31 20 18 30 23 30 27
2 0 2 6 3 4 8 0 2 4
3 0 0 1 0 3 0
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relation to the bacterial scores. Fisher’s exact test was used
to associate the D/d groups with the bacterial scores. The
level of statistical significance was set at 5%.

Results and discussion

The Cohen’s kappa values for the caries registration for
the mothers, younger children and older children were
0.88, 0.90 and 0.82 respectively. Table 2 summarizes the
bacterial counts for each species. The caries experiences
(DMFT/dmft) of the mothers, younger and older chil-
dren are summarised in Table 3.

There was an un-equal distribution of subjects within
the scores on the checkerboard scale, with the majority
of bacterial counts in the lower ranges of the scale. The
analysis showed no relation between the bacterial scores
and the caries experience for any of the caries-related
bacteria. In addition, no significant associations were
detected between the bacterial scores and the D/d cate-
gories in the mothers or in their younger or older chil-
dren except for a tendency observed in relation to
Streptococcus mutans as shown in Table 4.

The majority of studies using the checkerboard DNA-
DNA hybridisation technique have focused on studying
plaque bacterial ecology in relation to periodontal disease
[14-17]. These studies revealed a directly proportional
relationship between the bacterial count and periodontal
pocket depth. The present study could not demonstrate a
relationship between the counts of supragingival bacteria
and the caries experience (DMFT/dmft). A relationship
between caries experience and caries-related salivary bac-
terial counts (mutans streptococci and lactobacilli) as-
sessed using CRT Bacteria~ was found in the same study
sample [9]. In the present study, no relationship between
the bacteria quantified in the pooled plaque samples and
the caries experience was found. This corresponds well
with an earlier study where a stronger association between
dental caries and cariogenic organisms analysed by culture
technique in comparison to the checkerboard method was
found [18]. A number of factors related to the characteris-
tics of dental plaque, the caries disease process and the
choice of sampling method, may explain the current fin-
ding. The bacterial interaction in dental plaque could
make a greater contribution to caries development than
the specific count of certain cariogenic species. In addition,
the plaque microbial community differs at different stages
of plaque maturation (early plaque versus mature plaque).
Furthermore, the location of the sampling sites and num-
ber of sites selected may influence the relationship. The
count of plaque bacteria could also be affected by a num-
ber of caries-related factors other than the actual caries
experience such as the location/depth (enamel versus
dentine), stage (incipient versus cavitated), level (acute,
chronic or arrested), and activity of the carious lesion (ac-
tive versus inactive). Furthermore, the checkerboard DNA -

Page 4 of 5

DNA hybridisation technique has a high cut-off limit for
bacterial quantification making the detection of bacteria in
low counts problematic, which may be further complicated
by cross-reactions [19]. Finally, the unequal distribution of
subjects within the checkerboard scores with a majority of
low bacterial counts in the present study could account for
the lack of significant results.

In addition to the previously mentioned drawbacks,
there are two limitations of the sampling method used
in the present study. Unlike with saliva, it is difficult to
standardize the amount of bacteria in a plaque sample.
Standardization can be easily achieved with saliva by
expressing the amount of bacteria in a 1-mL sample.
Furthermore, pooling supragingival plaque into one test
tube may create difficulties in lysing all bacterial cells
present in a very dense bacterial suspension [20]. For
this reason, heavy plaque sampling was minimized in the
present study by taking only a sufficiently visible amount
of supragingival plaque. However, the question whether
too little plaque was collected cannot be ruled out.

Contrary to the present study, Aas et al. showed that
higher counts of specific bacterial species were associated
with health, caries initiation, and caries progression by
using a reverse-capture essay [21]. Moreover, the present
study analysed pooled plaque samples as opposed to sam-
ples from different caries-susceptible sites in the oral ca-
vity. In addition, the DMFT/dmft index could be regarded
as a crude method to describe the individual caries experi-
ence and conveys no information about caries activity. A
relationship between plaque bacterial counts and caries
experience may have been obtained if the investigation
had been performed on a site-specific level and if caries-
related parameters such as depth, stage and activity had
been taken into consideration.

Conclusions

Unlike the saliva samples and the chair-side method,
interproximal pooled plaque samples analysed using the
“checkerboard DNA-DNA hybridization technique” did
not reveal any significant relations between the bacterial
counts and the caries experience.

Competing interests
The authors report no conflicts of interest.

Authors’ contributions

AM participated in the study design, carried out data collection and
sampling, ran the “Checkerboard DNA-DNA Hybridization” analysis,
performed statistical analysis and was responsible for the manuscript writing.
AC participated in the study design and supervised the manuscript writing.
GC assisted in the statistical analysis and helped to draft the manuscript. PL
participated in the study design and supervised the manuscript writing. All
authors read and approved the final manuscript.

Acknowledgements
We would like to thank Ann-Britt Lundberg (Department of Cariology,
University of Gothenburg) and Susanne Blomqvist (Department of Oral



Mannaa et al. BMC Oral Health 2013, 13:5
http://www.biomedcentral.com/1472-6831/13/5

Microbiology and Immunology, University of Gothenburg) for their technical
support. Special thanks to Dr. Nadia Al-Hazmi, head of dental records and
filing, Dr. Sahar Bukhary, head of the Oral Biology Division, and Dr. Motaz
Ghulman, Vice Dean of student affairs at the faculty of dentistry at KAU,
Kingdom of Saudi Arabia. The study was supported by the Saudi Ministry of
Higher Education.

Author details

'Department of Cariology, Institute of Odontology, The Sahlgrenska
Academy, University of Gothenburg, Box 450, Gothenburg SE-405 30,
Sweden. “Department of Conservative Dental Sciences, Faculty of Dentistry,
King Abdulaziz University, P.O Box 80209, Jeddah 21589, Kingdom of Saudi
Arabia. *Department of Oral Microbiology and Immunology, Institute of
Odontology, The Sahlgrenska Academy, University of Gothenburg, Box 450,
Gothenburg SE-405 30, Sweden. “Dental Institute, University of Sassari, Viale
San Pietro 43/C, Sassari 107100, Italy. "WHO Collaborating Centre of Milan for
Epidemiology and Community Dentistry, Via Beldiletto 1/3, Milan 1-20142,
Italy.

Received: 3 May 2012 Accepted: 2 January 2013
Published: 8 January 2013

References

1. Selwitz RH, Ismail Al, Pitts NB: Dental caries. Lancet 2007, 369:51-59.

2. Marsh PD, Martin MV: Dental plaque. In Oral Microbiology. 5th edition:
Churchill Livingstone Elsevier; 2009:74-102.

3. Tenovuo J: Salivary parameters of relevance for assessing caries activity
in individuals and populations. Community Dent Oral Epidemiol 1997,
25:82-86.

4. Slots J, Slots H: Bacterial and viral pathogens in saliva: disease
relationship and infectious risk. Periodontol 2000 2011, 55:48-69.

5. Marsh PD, Moter A, Devine DA: Dental plaque biofilms: communities,
conflict and control. Periodontol 2000 2011, 55:16-35.

6. Filoche S, Wong L, Sissons CH: Oral biofilms: emerging concepts in
microbial ecology. J Dent Res 2010, 89:8-18.

7. Socransky SS, Smith C, Martin L, Paster BJ, Dewhirst FE, Levin AE:
“Checkerboard” DNA-DNA hybridization. Biotechniques 1994, 17:788-792.

8. Socransky SS, Haffajee AD, Smith C, Martin L, Haffajee JA, Uzel NG, Goodson JM:
Use of checkerboard DNA-DNA hybridization to study complex microbial
ecosystems. Oral Microbiol Immunol 2004, 19:352-362.

9. Mannaa A, Carlén A, Lingstréom P: Dental caries and associated factors in
mothers and their preschool and school children - A cross-sectional
study. J Dent Sci 2013, in press.

10.  Pitts NB: Modern concepts of caries measurement. J Dent Res 2004, 83
(Spec Iss C):C43-47.

11. Gellen LS, Wall-Manning GM, Sissons CH: Checkerboard DNA-DNA
Hybridization Technology Using Digoxigenin Detection. In Methods in
Molecular Biology, Protocols for Nucleic Acid Analysis by Nonradioactive
Probes, Volume 353. Totowa, NJ: Humana Press Inc; 2007:39-67.

12. Wall-Manning GM, Sissons CH, Anderson SA, Lee M: Checkerboard
DNA-DNA hybridisation technology focused on the analysis of
Gram-positive cariogenic bacteria. J Microbiol Methods 2002, 51:301-311.

13. Mannaa A, Carlén A, Dahlén G, Lingstrom P: Intra-familial comparison of
supragingival dental plaque microflora using the checkerboard DNA-
DNA hybridisation technique. Arch Oral Biol 2012, 57:1644-1650.

14.  Ximénez-Fyvie LA, Haffajee AD, Socransky SS: Comparison of the
microbiota of supra- and subgingival plaque in health and periodontitis.
J Clin Periodontol 2000, 27:648-657.

15. Haffajee AD, Socransky SS, Patel MR, Song X: Microbial complexes in
supragingival plaque. Oral Microbiol Immunol 2008, 23:196-205.

16.  Lopez R, Dahlén G, Retamales C, Baelum V: Clustering of subgingival
microbial species in adolescents with periodontitis. Eur J Oral Sci 2011,
119:141-150.

17. Dahlén G, Konradsson K, Eriksson S, Teanpaisan R, Piwat S, Carlen A:

A microbiological study in relation to the presence of caries and
calculus. Acta Odontol Scand 2010, 68:199-206.

18.  Hintao J, Teanpaisan R, Chongsuvivatwong V, Ratarasan C, Dahlen G:

The microbiological profiles of saliva, supragingival and subgingival
plaque and dental caries in adults with and without type 2 diabetes
mellitus. Oral Microbiol Immunol 2007, 22:175-181.

Page 5 of 5

19.  Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL: Microbial

complexes in subgingival plaque. J Clin Periodontol 1998, 25:134-144.

20. Papapanou PN, Madianos PN, Dahlén G, Sandros J: “Checkerboard” versus

culture: a comparison between two methods for identification of
subgingival microbiota. Eur J Oral Sci 1997, 105:389-396.

Aas JA, Griffen AL, Dardis SR, Lee AM, Olsen |, Dewhirst FE, Eugene JL, Paster BJ:
Bacteria of dental caries in primary and permanent teeth in children and
young adults. J Clin Microbiol 2008, 46:1407-1417.

doi:10.1186/1472-6831-13-5
Cite this article as: Mannaa et al: Supragingival plaque microbial
analysis in reflection to caries experience. BMC Oral Health 2013 13:5.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Caries registration
	Bacterial plaque samples
	Checkerboard DNA-DNA hybridisation
	Data analysis

	Results and discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


