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SNP-based real-time pyrosequencing as a
sensitive and specific tool for identification and
differentiation of Rickettsia species in Ixodes
ricinus ticks
Elisabeth Janecek, Sabine Streichan and Christina Strube*
Abstract

Background: Rickettsioses are caused by pathogenic species of the genus Rickettsia and play an important role as
emerging diseases. The bacteria are transmitted to mammal hosts including humans by arthropod vectors. Since
detection, especially in tick vectors, is usually based on PCR with genus-specific primers to include different
occurring Rickettsia species, subsequent species identification is mainly achieved by Sanger sequencing. In the
present study a real-time pyrosequencing approach was established with the objective to differentiate between
species occurring in German Ixodes ticks, which are R. helvetica, R. monacensis, R. massiliae, and R. felis. Tick material
from a quantitative real-time PCR (qPCR) based study on Rickettsia-infections in I. ricinus allowed direct comparison
of both sequencing techniques, Sanger and real-time pyrosequencing.

Methods: A sequence stretch of rickettsial citrate synthase (gltA) gene was identified to contain divergent single
nucleotide polymorphism (SNP) sites suitable for Rickettsia species differentiation. Positive control plasmids inserting
the respective target sequence of each Rickettsia species of interest were constructed for initial establishment of the
real-time pyrosequencing approach using Qiagen’s PSQ 96MA Pyrosequencing System operating in a 96-well
format. The approach included an initial amplification reaction followed by the actual pyrosequencing, which is
traceable by pyrograms in real-time. Afterwards, real-time pyrosequencing was applied to 263 Ixodes tick samples
already detected Rickettsia-positive in previous qPCR experiments.

Results: Establishment of real-time pyrosequencing using positive control plasmids resulted in accurate detection
of all SNPs in all included Rickettsia species. The method was then applied to 263 Rickettsia-positive Ixodes ricinus
samples, of which 153 (58.2%) could be identified for their species (151 R. helvetica and 2 R. monacensis) by
previous custom Sanger sequencing. Real-time pyrosequencing identified all Sanger-determined ticks as well as 35
previously undifferentiated ticks resulting in a total number of 188 (71.5%) identified samples. Pyrosequencing
sensitivity was found to be strongly dependent on gltA copy numbers in the reaction setup. Whereas less than 101

copies in the initial amplification reaction resulted in identification of 15.1% of the samples only, the percentage
increased to 54.2% at 101-102 copies, to 95.6% at >102-103 copies and reached 100% samples identified for their
Rickettsia species if more than 103 copies were present in the template.
(Continued on next page)
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Conclusions: The established real-time pyrosequencing approach represents a reliable method for detection and
differentiation of Rickettsia spp. present in I. ricinus diagnostic material and prevalence studies. Furthermore, the
method proved to be faster, more cost-effective as well as more sensitive than custom Sanger sequencing with
simultaneous high specificity.
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Background
Rickettsia spp. are Gram-negative, obligate intracellular
bacteria with pleomorphic appearance [1]. The life cycle
involves arthropod vectors like ticks, fleas, lice and
mites, which are of great importance for the natural
retention of the pathogen [2]. Tick-borne rickettsioses
are originating from species belonging to the spotted
fever group [3]. The most abundant European tick
species Ixodes ricinus serves as vector for the potentially
pathogenic Rickettsia species R. helvetica and R. monacensis
[4-7]. Additionally, R. massiliae as well as R. felis has been
detected in I. ricinus in one case each [5]. However, no
vector competences are proven for those species.
R. helvetica is connected to “summer flu”, a feverish

infection without rash [5,8], but also meningitis and
perimyocarditis [9,10]. By contrast, R. monacensis, R.
massiliae, and R. felis cause the classical form of spotted
fever [5]. Even though Boretti et al. [11] describe a
species-specific real-time PCR for R. helvetica based on
the 23S rRNA gene, Rickettsia detection in Ixodes ticks
is mainly based on conventional or quantitative real-time
PCR (qPCR) with genus- but not species-specific primers
to include the different Rickettsia species followed by
species differentiation via DNA sequencing with the
classical chain termination by Sanger.
A more recent sequencing technology is pyrose-

quencing, which is based on the principle that nucleo-
tide incorporation in a DNA strand is accompanied by
release of pyrophosphate. This is converted into ATP
by ATP sulfurylase in the presence of adenosine 5'
phosphosulfate. ATP, in turn, drives conversion of
luciferin to oxyluciferin that emits visible light. This
light signal is visualized as a peak, whose height is
proportional to the number of nucleotides incorporated.
To prevent incorrect detection, unincorporated nucleotides
and ATP are degraded by apyrase before another nucleotide
is added.
In the present study, a single nucleotide polymorphism

(SNP)-based real-time pyrosequencing approach was
evaluated as an in-lab diagnostic tool for detection and
differentiation of Rickettsia spp. in I. ricinus. The used
PSQ 96MA Pyrosequencing System (Qiagen, formerly
Biotage) displays the peaks of incorporated nucleotides
in real time in the so called pyrogram.
Results
Establishment of real-time pyrosequencing
In real-time generated pyrograms revealed that in all
SNP positions (Figure 1) of all Rickettsia positive control
plasmids (R. helvetica, R. massiliae, and R. monacensis,
and two R. felis plasmids) the correct nucleotide was
incorporated exclusively (exemplarily see Figure 2a and 2c),
thus providing specific Rickettsia spp. differentiation. As
evident from Figure 1, the first SNP position already deli-
mits R. felis (nucleotide “T”) from the remaining species,
which contain the nucleotide “C” at this position. The
fourth SNP is specific to R. monacensis and SNP 5 to R.
massiliae, whereas R. helvetica-specificity is based on the
combination of SNP 1 and 6.

Pyrosequencing of Rickettsia-positive tick DNA
Whilst Sanger sequencing identified 151 (57.4%) and 2
(0.8%) out of the 263 available ticks to be infected with R.
helvetica and R. monacensis, respectively, the established
real-time pyrosequencing confirmed all Sanger-identified
tick samples and additionally detected R. helvetica in
35 (31.8%) of 110 previously unidentified samples. So
the overall real-time pyrosequencing Rickettsia differenti-
ation rate was 71.5% (188/263), whereas custom Sanger
sequencing identified 58.2% (153/263) tick samples only.
This difference was statistically significant (P= 0.002).
Detailed information on statistical results is given in Table 1.
Sensitivity of pyrosequencing increased with gltA copy

numbers: if >102-103 copies were present in 2 μl tem-
plate of the initial amplification reaction, the detection
rate was 95.6% (43/45 tick samples), and reached 100%
(121/121) in presence of more than 103 gltA copies.
Rickettsia species differentiation was possible only in
24.7% of the low-burden ticks, divided into a differenti-
ation rate of 15.1% (11/73 tick samples) in case of less
than 101 copies/template and 54.2% (13/24) in case of
101-102 copies. All but two tick samples identified for
their Rickettsia species by real-time pyrosequencing but
not custom Sanger sequencing contained less than 103 gltA
copies/2 μl template. In 198 of the 263 samples (75.3%), at
least one SNP position showed a proportion of less than
100% for a specific nucleotide (exemplarily shown in
Figure 2b). Detailed sensitivity comparison of both
methods is shown in Table 1.



Figure 1 SNPs in the rickettsial gltA gene allowing species differentiation by real-time pyrosequencing. Used primers are marked by
boxes. Note that Rick_pyro rev and Rick_pyro seq consist of complementary nucleotides and thus the lagging strand is sequenced. Detected
SNPs are indicated by numbers. The displayed alignment is on GenBank accession numbers DQ910785 (R. helvetica), GQ925820 (R. monacensis),
DQ459393 (R. massiliae), U33922 and GQ255903 (R. felis).
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Discussion
Rickettsioses play an important role as emerging
diseases, so there is a need for appropriate diagnostic
tools. Our results show that real-time pyrosequencing is
a specific and very sensitive diagnostic tool for differen-
tiation between Rickettsia species occurring in I. ricinus
in Europe.
Specificity of the established Rickettsia real-time pyro-

sequencing was validated by use of positive control
plasmids containing the gltA target sequence of the
individual Rickettsia species of interest. Even if detection
of “exclusive” or other SNPs was not 100% (cf. Figure 2b),
the combination of the remaining SNPs enabled Rickettsia
species differentiation. Application to diagnostic samples,
which were DNA samples of I. ricinus ticks naturally
infected with rickettsiae, showed superior sensitivity of
real-time pyrosequencing compared to custom Sanger
sequencing results from a previous study [12].
Not unexpectedly, real-time pyrosequencing sensitivity

was strongly dependent on gltA copy numbers revealed
by qPCR [12]. Low copy numbers (≤102) in the initial
amplification reaction often resulted in either weak or
missing bands in gel electrophoresis with the consequence
of insufficient template for subsequent pyrosequencing.
Notably, all but two tick samples identified for their
Rickettsia species by real-time pyrosequencing but not
custom Sanger sequencing contained less than 103 gltA
copies/2 μl template demonstrating that superior sensitivity
of real-time pyrosequencing is due to successful sequencing
of lower target copy numbers.
Detection of less than 100% for a specific nucleotide

may be due to incorrect signaling, since double infections
(two Rickettsia species in one tick) do not seem to occur
[13] and have yet to be observed (upon request the
manufacturer’s technical support stated that 5% incorrect
signaling is in the range of tolerance). Nevertheless,
identification of the Rickettsia species (R. helvetica in all
cases) was possible based on the remaining SNP positions
(see above).
Conclusions
We have developed the first real-time pyrosequencing
approach for Rickettsia species. The method provides
useful in-lab detection and species identification in diag-
nostic (tick) material as well as prevalence studies. Since
rickettsioses gain attention as emerging diseases, there is
a need for appropriate diagnostic tools. Real-time pyro-
sequencing proved to be faster, more cost-effective as
well as more sensitive than custom Sanger sequencing.
In detail, Rickettsia species identification by pyrosequencing
usually takes about an hour, which includes preparation of
samples as well as the actual sequencing whereas results of
custom Sanger sequencing lasts at least until the next day.
Additionally, the entire pyrosequencing procedure (initial
PCR and pyrosequencing reaction itself) using Qiagen’s
PSQ 96MA sequencer does not exceed 1.50 € per sample.
Thus, it is an optimal completion of studies detecting the
genus Rickettsia but not individual species.

Methods
Selection of a target sequence stretch containing suitable
SNPs
A sequence stretch of the rickettsial citrate synthase (gltA)
gene was identified to contain divergent SNP sites suitable
for species differentiation of R. helvetica, R. massiliae, R.
monacensis, and R. felis. Thereby, SNP selection was based
on sequences published in the GenBank database [accession
nos. DQ910785, DQ131912, RHU59723, EU359285,
EU359286, EU359287 (R. helvetica); GQ925820, GQ925822,
DQ100163, EU665235, EU665236 (R. monacensis);
DQ459393, DQ212705, region 1303919–1305247 of
CP000683 (R. massiliae); as well as U33922, GQ255903,
and region 1424392–1425699 of CP000053 (R. felis)].

Positive control plasmids
Positive control plasmids containing the respective
target sequence of each included Rickettsia species was
constructed using overlapping primers, whose sequences
are listed in Table 2. PCR set up was as follows: 20.5 μl



Figure 2 Rickettsia real-time pyrograms. Figure 2a and 2b show the pyrograms of ticks infected with R. helvetica, whereas Figure 2c shows the
pyrogram of a tick infected with R. monacensis.
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ddH2O, each 0.5 μl forward and reverse primer (10 pmol),
0.5 μl dNTPs (10 mM each), 2.5 μl 10x buffer and 0.5 μl
Advantage 2 Polymerase Mix (Clontech). Cycling condi-
tions consisted of 95°C for 1 min, 35 cycles at 95°C for 30
sec, 55°C for 1 min and 72°C for 30 sec followed by final
elongation at 72°C for 10 min. Amplification products
were inserted into the PCRW4-TOPOW vector (TOPO TA
CloningW Kit for Sequencing, Life Technologies) and
transformed into One ShotW TOP10 chemically compe-
tent E. coli (Life Technologies). Replicated plasmid
DNA was extracted with the NucleoSpinW Plasmid kit
(Macherey-Nagel) and accuracy of the rickettsial insert
sequences was verified by sequencing (Seqlab Sequencing
Laboratories).



Table 1 Comparison of Sanger sequencing and real-time
pyrosequencing

Sensitivity

Copy number in
initial template (2 μl)

Sanger
Sequencing

real-time
pyrosequencing

P-value

Number of identified tick
samples (%)

<101 1/73 (1.4) 11/73 (15.1) 0.013*

101-102 5/24 (8.3) 13/24 (54.2) 0.180

>102-103 28/45 (62.2) 43/45 (95.6) 0.239

>103-104 72/74 (97.3) 74/74 (100) 0.999

>105-105 42/42 (100) 42/42 (100) 1.000

>105-106 4/4 (100) 4/4 (100) 1.000

>106 1/1 (100) 1/1 (100) 1.000

all samples 153/263 (58.2) 188/263 (71.5) 0.002*

* Statistically significant.
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Primer design for pyrosequencing
Primers for real-time-pyrosequencing were designed using
the Pyrosequencing™ Assay Design software (version 1.0;
Biotage). Primer positions within the target sequence and
detected SNPs of the different Rickettsia species are shown
in Figure 1. It should be noted that the pyrosequencing
primer Rick_pyro seq sequences the lagging strand.

Establishment of real-time pyrosequencing
For initial establishment, each 2 μl Rickettsia positive
control plasmid DNA served as template in an initial
amplification reaction consisting of 39.5 μl ddH2O, 5 μl
10x buffer, 0.5 μl PerfectTaq Polymerase (5’PRIME), 1 μl
5’-biotinylated Rick_pyro for, 1 μl Rick_pyro rev (10
pmol each; Sigma-Aldrich), and 1 μl dNTPs (10 mM
each). Thermocycling was as follows: 95°C for 3 min
followed by 45 cycles of 95°C, 60°C and 72°C for each 30
seconds and final elongation at 72°C for 10 minutes.
Products were checked by gel electrophoresis. Distinct
bands at 115 bp allowed further processing with the
PSQ 96MA Pyrosequencing System (Qiagen), which
operates in a 96 well format. First, 40 μl biotinylated
PCR product was immobilized to 4 μl Streptavidin
Table 2 Overlapping primers for Rickettsia positive control pl

Forward primer

R. helvetica 5’-CGTGCCGCAGTACTTAAAGAAACTTGTAAGGA
TTAAAGGAACTCGGACAGCTAGAAAACAATCCG

R. monacensis 5’-CGTGCCGCAGTACTTAAAGAAACGTGCAAAG
ATTAAAGGAACTCGAACAGTTAGAAAATAATCCA

R. massiliae 5’-CGTGCCGCAGTACTTAAAGAAACGTGCAAAG
ATTAAAGGAACTCGGGCAGTTAGACAACAATCC

R. felis 1 5’-CGTGCCGCAGTACTTAAAGAAACCTGCAAAG
ATTAAAGGAACTTGGACAGCTAGAAAACAACCC

R. felis 2 5’-CGTGCCGCAGTACTTAAAGAAACTTGCAAAGA
ATTAAAGGAACTCGGACAGCTAGAAAACAATCC
Sepharose™ beads (GE Healthcare) with 40 μl binding
buffer (10 mM HCl, 1 mM EDTA, 2 M NaCl, 0.1%
Tween 20, pH 7.6) for 10 minutes with vigorous shaking.
The resulting complex was captured with the PyroMark
Vacuum Prep Tool (Qiagen) and washed with 70% etha-
nol for 5 seconds. Strand separation was achieved by
treatment with denaturing buffer (0.2 M NaOH) for 5
seconds followed by 10 seconds washing with 10 mM
Tris-acetate buffer, pH 7.6. Afterwards, the biotinylated
single strands were transferred into a PSQ 96 Plate Low
containing 40 μl annealing buffer (20 mM Tris-acetate, 2
mM MgAC2) and 0.4 μM sequencing primer (Rick_pyro
seq). Following incubation for 2 minutes at 80°C using
the PSQ 96 Sample Prep Thermoplate Low, required
real-time pyrosequencing reagents (nucleotides as well
as enzyme- and substrate mixtures; Pyro MarkW Gold
Q96 Reagents, Qiagen) were added to the PSQ 96
Reagent Cartridge according to the volume information
given by the instrument’s software. The sequence to
analyze entered into the PyroMark ID software was: C/T
AA A/G AG C/T GGATT G/A TT T/G TCTA G/A C.
The nucleotide dispensation order to differentiate between
the Rickettsia spp. included blank controls and was as
follows: GCTCAGAGACTCGATGATGTGCATG (cf.
Figure 2). Incorporated nucleotides were visualized in
real-time pyrograms.

Real-time pyrosequencing of Rickettsia-infected ticks
To apply the established real-time pyrosequencing to
diagnostic samples, I. ricinus tick DNA samples were evalu-
ated. In a previous qPCR study, 363 questing I. ricinus
DNA samples were found positive for Rickettsia spp. by
qPCR [12], of which a subset of 263 samples was available
for the present study. The samples comprised all develop-
mental tick stages (larvae, nymphs as well as female and
male adults) and included different numbers of gltA copies
per 2 μl templates: 73 tick samples contained less than 101

copies; 24 samples contained 101-102 copies; 45 samples
>102-103 copies; 74 samples >103-104 copies; 42 samples
>105-105 copies; 4 samples >105-106 copies; and one sample
contained >106 copies. Tick samples were amplified and
asmids

Reverse primer

AGTA
C-3’

5’-CATCTTTAAGAGCGATAGCTTCAAGTTCTATTGCT
ATTTGTAAGAGCGGATTGTTTTCTAGCTGTCCGAG-3’

AAGT
C-3’

5’-CATCTTTAAGAGCGATAGCTTCAAGTTCTATTGCT
ATTTGTAAAAGTGGATTATTTTCTAACTGTTCGAG-3’

AAGT
GC-3’

5’-CATCTTTAAGAGCGATAGCTTCAAGTTCTATTGCT
ATTTGTAAGAGCGGATTGTTGTCTAACTGCCCGAG-3’

AAGT
AC-3’

5’-CATCTTTAAGAGCGATAGCTTCAAGTTCTATTGCT
ATTTGCAAGAGTGGGTTGTTTTCTAGCTGTCCAAG-3’

AGT
GC-3’

5’-CATCTTTAAGAGCGATAGCTTCAAGTTCTATTGCT
ATTTGCAAAAGCGGATTGTTTTCTAGCTGTCCGAG-3’
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processed as described above. Amplification products
showing no or weak bands only in gel electrophoresis were
re-amplified before further processing with actual real-time
pyrosequencing. In each run, the R. helvetica plasmid was
included as positive control.

Statistical comparison of sequencing methods
Chi-square test was performed to test the null hypoth-
esis of no sensitivity differences between custom Sanger
sequencing and real-time pyrosequencing. Sensitivity
was calculated for all tick samples as well as tick samples
divided into gltA copy numbers in the initial template.
H0 was rejected if P ≤ 0.05.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CS conceived the study and designed the oligonucleotides. EJ and SS carried
out the laboratory experiments. EJ and CS drafted the manuscript. All
authors participated in data analysis, and read and approved the final
manuscript.

Acknowledgements
The authors would like to thank Sabine Schicht for technical assistance.

Received: 8 June 2012 Accepted: 4 October 2012
Published: 18 October 2012

References
1. Dumler JS, Barbet AF, Bekker CP, Dasch GA, Palmer GH, Ray SC, Rikihisa Y,

Rurangirwa FR: Reorganization of genera in the families Rickettsiaceae
and Anaplasmataceae in the order Rickettsiales: unification of some
species of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and Ehrlichia
with Neorickettsia, descriptions of six new species combinations and
designation of Ehrlichia equi and 'HGE agent' as subjective synonyms of
Ehrlichia phagocytophila. Int J Syst Evol Microbiol 2001, 51:2145–2165.

2. Walker DH, Paddock CD, Dumler JS: Emerging and re-emerging tick-
transmitted rickettsial and ehrlichial infections. Med Clin North Am 2008,
92:1345–1361.

3. Parola P, Paddock CD, Raoult D: Tick-borne rickettsioses around the world:
emerging diseases challenging old concepts. Clin Microbiol Rev 2005,
18:719–756.

4. Simser JA, Palmer AT, Fingerle V, Wilske B, Kurtti TJ, Munderloh UG:
Rickettsia monacensis sp. nov., a spotted fever group Rickettsia, from
ticks (Ixodes ricinus) collected in a European city park. Appl Environ
Microbiol 2002, 68:4559–4566.

5. Dobler G, Wolfel R: Typhus and other rickettsioses: emerging infections in
Germany. Dtsch Arztebl Int 2009, 106:348–354.

6. Hartelt K, Oehme R, Frank H, Brockmann SO, Hassler D, Kimmig P:
Pathogens and symbionts in ticks: prevalence of Anaplasma
phagocytophilum (Ehrlichia sp.), Wolbachia sp., Rickettsia sp., and Babesia
sp. in Southern Germany. Int J Med Microbiol 2004, 293(Suppl 37):86–92.

7. Wolfel R, Terzioglu R, Kiessling J, Wilhelm S, Essbauer S, Pfeffer M, Dobler G:
Rickettsia spp. in Ixodes ricinus ticks in Bavaria, Germany. Ann N Y Acad
Sci 2006, 1078:509–511.

8. Fournier PE, Allombert C, Supputamongkol Y, Caruso G, Brouqui P, Raoult D:
Aneruptive fever associated with antibodies to Rickettsia helvetica in
Europe and Thailand. J Clin Microbiol 2004, 42:816–818.

9. Nilsson K, Lindquist O, Pahlson C: Association of Rickettsia helvetica with
chronic perimyocarditis in sudden cardiac death. Lancet 1999,
354:1169–1173.

10. Nilsson K, Elfving K, Pahlson C: Rickettsia helvetica in patient with
meningitis, Sweden, 2006. Emerg Infect Dis 2010, 16:490–492.

11. Boretti FS, Perreten A, Meli ML, Cattori V, Willi B, Wengi N, Hornok S,
Honegger H, Hegglin D, Woelfel R, Reusch CE, Lutz H, Hofmann-Lehmann R:
Molecular Investigations of Rickettsia helvetica infection in dogs, foxes,
humans, and Ixodes ticks. Appl Environ Microbiol 2009, 75:3230–3237.

12. Schicht S, Schnieder T, Strube C: Rickettsia spp. and coinfections with
other pathogenic microorganisms in hard ticks from Northern Germany.
J Med Entomol 2012, 49:766–771.

13. Burgdorfer W, Hayes SF, Mavros AJ: Nonpathogenic rickettsiae in
Dermacentor andersoni: a limiting factor for the distribution of Rickettsia
rickettsii. In Rickettsiae and rickettsial diseases. Edited by Burgdorfer W,
Anacker RL. New York: Academic; 1981:585–594.

doi:10.1186/1471-2334-12-261
Cite this article as: Janecek et al.: SNP-based real-time pyrosequencing
as a sensitive and specific tool for identification and differentiation of
Rickettsia species in Ixodes ricinus ticks. BMC Infectious Diseases 2012
12:261.
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


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Establishment of real-time pyrosequencing
	Pyrosequencing of Rickettsia-positive tick DNA

	Discussion
	Conclusions
	Methods
	Selection of a target sequence stretch containing suitable SNPs
	Positive control plasmids
	Primer design for pyrosequencing
	Establishment of real-time pyrosequencing
	Real-time pyrosequencing of Rickettsia-infected ticks
	Statistical comparison of sequencing methods

	Competing interests
	Authors’ contributions
	Acknowledgements
	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


