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SUMMARY 
 
Background: Healthcare-associated infections caused by Escherichia coli and antibiotic resistance due to extend-
ed-spectrum beta-lactamase (ESBL) production constitute a threat against patient safety. To identify, track, and 
control outbreaks and to detect emerging virulent clones, typing tools of sufficient discriminatory power that gen-
erate reproducible and unambiguous data are needed. 
Methods: A probe based real-time PCR method targeting multiple single nucleotide polymorphisms (SNP) was de-
veloped. The method was based on the multi locus sequence typing scheme of Institute Pasteur and by adaptation 
of previously described typing assays. 
Results: An 8 SNP-panel that reached a Simpson's diversity index of 0.95 was established, based on analysis of 
sporadic E. coli cases (ESBL n = 27 and non-ESBL n = 53). This multi-SNP assay was used to identify the se-
quence type 131 (ST131) complex according to the Achtman’s multi locus sequence typing scheme. However, it 
did not fully discriminate within the complex but provided a diagnostic signature that outperformed a previously 
described detection assay. Pulsed-field gel electrophoresis typing of isolates from a presumed outbreak (n = 22) 
identified two outbreaks (ST127 and ST131) and three different non-outbreak-related isolates. Multi-SNP typing 
generated congruent data except for one non-outbreak-related ST131 isolate. 
Conclusions: We consider multi-SNP real-time PCR typing an accessible primary generic E. coli typing tool for 
rapid and uniform type identification. 
(Clin. Lab. 2016;62:xx-xx. DOI: 10.7754/Clin.Lab.2015.150621) 
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INTRODUCTION 
 
Healthcare-associated infections caused by bacteria 
constitute a threat against patient safety [1], and Esche-
richia coli accounts for the majority of these cases [2]. 
Furthermore, the global spread of extended-spectrum 
beta-lactamase (ESBL) producing strains has emerged 
as a significant problem [3,4], which in part has been 
explained by the appearance of the virulent sequence 
type 131 (ST131) [5], defined by Achtman’s multi locus 
sequence typing (MLST) scheme [6]. 
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Convenient typing tools of sufficient discriminatory 
power are needed to rapidly identify, track, and control 
outbreaks [7] and to disclose differences in virulence 
and transmission potential [8,9], as well as for monitor-
ing of asymptomatic bacteriuria comparing consecutive 
samples [10,11] and for disclosing colonization of mul-
tiple types [12,13]. 
Pulsed-field gel electrophoresis (PFGE) demonstrates 
high discriminatory power and epidemiological concor-
dance and is considered the ‘gold standard’ for typing 
of clinically important bacteria [7] including E. coli 
[14]. PFGE has revealed a large degree of genetic diver-
sity within the ST131 complex of E. coli [15]. Never-
theless, PFGE has several limitations [7,16] and a re-
cent study with the multiple-locus variable-number tan-
dem-repeats analysis (MLVA) typing method [17] has 
shown promising results in the assessment of possible 
outbreaks of ESBL-producing E. coli [18]. Additional-
ly, a MLST scheme based on ten genes has been sug-
gested as a useful typing tool for ESBL-producing E. 
coli [19]. Even though the MLST method is labor inten-
sive, it has potential to provide a more unambiguous 
type assignment compared to MLVA. However, both 
MLVA and MLST require a capillary electrophoresis 
instrument. 
A typing method should be easy to perform and inter-
pret, possess high typeability and reproducibility, and 
have adequate discriminatory ability and stability over 
time [7,16]. Preferably a typing method should be based 
on commonly available instrumentation. Real-time PCR 
is an easy to use, convenient method that is fast, repro-
ducible, self-contained, and has been adopted by most 
clinical microbiology laboratories [20]. 
In this study, we present a rapid and accessible real-time 
PCR typing tool for E. coli, with a Simpson´s index of 
diversity of 0.95 based on detection of allele-specific 
probes of multiple single nucleotide polymorphisms 
(SNPs). 
 
 

MATERIALS AND METHODS 
 
Bacterial isolates 
A total of 102 E. coli isolates were acquired from 
Microbiology Laboratory (Ryhov County Hospital, Jön-
köping, Sweden), representing two different study sets; 
(1) 80 sporadic E. coli isolates composed of 27 ESBL 
isolates from consecutive clinical patient samples and 
53 non-ESBL isolates of different types established 
through the combined use of three different typing 
methods [12], and (2) 22 isolates collected from chil-
dren, parents, and health care workers during an out-
break of ESBL producing E. coli at the neonatal ward at 
Ryhov County Hospital (Jönköping, Sweden) during 
September 2008 through February 2009. 
 
Typing 
To discriminate within the global ST131 complex, de-
fined by Achtman’s MLST scheme [6], polymorphic 

positions (Table 1; Supplementary Table 1) were cho-
sen based on data from the MLST scheme of Institute 
Pasteur [21]. 
One additional polymorphic position was chosen ac-
cording to Sheludchenko et al. [22]. ESBL-producing 
isolates belonging to ST131 were identified by pabB 
PCR adapted from Clermont et al. [23], or by sequenc-
ing the full set of genes defined by Achtman’s MLST 
scheme [6]. 
Genomic DNA was real-time PCR amplified using 
primers according to the MLST scheme of Institute Pas-
teur [21], Clermont et al. [23] (pabB) and Sheludchenko 
et al. [22] (lysP), and analyzed using probes specific for 
each polymorphic variant (Table 1). Each 10 µL-reac-
tion contained 1x Type-it Fast SNP Probe PCR master 
mix (Qiagen, Hilden, Germany), 1.5 pM of each for-
ward and reverse primer (Sigma Aldrich, St. Louis, 
MO, USA), 0.25 pM of each probe (Life Technologies, 
Carlsbad, CA, USA) and 3 ng DNA. The amplification 
was done in either a 7500 Fast Real-time PCR (Life 
Technologies) or a 7900HT Fast Real-time PCR instru-
ment (Life Technologies) with the following thermal 
cycling conditions: 50°C for 2 minutes and 95°C for   
10 minutes, 35 cycles including 95°C for 60 seconds, 
55°C for 60 seconds and 60°C for 90 seconds, and a fi-
nal extension at 72°C for 30 seconds. Variants were as-
signed according to the probe with the lowest threshold 
cycle value. Individual SNPs and different SNP combi-
nations were investigated for discriminatory power by 
Simpson's diversity index (Di) [24] using the Minimum 
SNP software [25]. For each isolate, SNP typing results 
were combined and every different pattern was assigned 
a separate multi-SNP type. Multi-SNP types were clus-
tered by the unweighted pair group method with arith-
metic mean method and the MEGA6 software [26]. 
PFGE was done according to Christiansson et al. [12] 
except that isolates that were degraded in a 0.5 x Tris-
Borate-EDTA buffer were separated in 1 x HEPES 
buffer (16 mM HEPES, 16 mM sodium acetate, 0.8 mM 
EDTA, pH 7.5) for 28 hours at 4.0 V/cm. 
 
 

RESULTS 
 
Establishing a multi-SNP real-time PCR assay 
Simpson´s index of diversity ranged from 0.20 to 0.66 
for individual SNPs in the collection of sporadic E. coli 
(Supplementary Table 2) with low diversity figures for 
SNP 6 and SNP 7 which were selected to detect E. coli 
ST131.  
Selection of a subset of SNPs for inclusion in a typing 
assay was based on high discrimination of sporadic 
ESBL E. coli (study set 1). A multi-SNP real-time PCR 
assay based on 8 SNPs reached a Simpson's index of di-
versity of 0.95, which was the maximum diversity ob-
tainable by the complete set of 19 SNPs (Table 2).       
In total the multi-SNP real-time PCR assay identified 
24 different multi-SNP types among the 80 isolates of 
study set 1 (Figure 1). 
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Table 1. Genes and polymorphic positions used in multiple single nucleotide polymorphisms real-time PCR typing. 
 

SNP 
number 

Gene (position) a 

Variant positions 
according to 

Variant 
Variant 

frequency d 
Basis for variant 

selection e Gene 
sequence b 

MLST 
sequence c 

1 
dinB 

(250898 - 251953) 
480 417 C/T 0.53/0.45 MLST-db 

2  564 n.a. A/G  Study set 1 

3 
icdA 

(1194346 - 1195596) 
741 102 C/T 0.89/0.11 Study set 1 

4  810..813 171..174 G..A/G..G/A..G 0.44/0.42/0.13 MLST-db 

5 
lysP 

(2245085 - 2246554) 
330 n.a. A/G 0.36/0.64 Scheludchenko et al. (22) 

6 
pabB 

(1892829 - 1894190) 
267 n.a. C/T  Clermont et al. (23) 

7  573 n.a. A/G  Clermont et al. (23) 

8  720 102 C/T 0.44/0.56 MLST-db 

9  872..873 254..255 AG/TA/AA 0.31/0.04/0.65 Study set 1 

10 
polB 

(65780 - 63429) 
844..850 228..234 G..G/A..G/G..A 0.46/0.29/0.23 MLST-db 

11  903..907 171..175 C..A/T..A/C..G 0.73/0.03/0.23 Study set 1 

12 
putP 

(1078528 - 1080036) 
1095 105 C/A 0.37/0.62 MLST-db 

13  1230 241 A/G 0.16/0.83 Study set 1 

14 
trpA 

(1315246 - 1314440) 
249..250 99..100 TT/CC/TC 0.45/0.09/0.46 Study set 1 

15  618 468 G/A 0.37/0.63 MLST-db 

16 
trpB 

(1316439 - 1315246) 
196..199 429..432 A..G/C..T/C..G 0.35/0.48/0.16 Study set 1 

17  256..262 366..372 A..C/G..C/G..T 0.71/0.08/0.17 MLST-db 

18 
uidA 

(1694095 - 1692284) 
961 539 T/C 0.40/0.56 MLST-db 

19  1456 45 A/C/T 0.16/0.76/0.07 Study set 1 
 
a - Gene position according to accessions number NC_000913.2. 
b - Within each gene nucleotides were numbered from the start of the gene, and the first nucleotide of the start codon was denoted + 1.               
c - Position according to the multi locus sequencing typing (MLST) sequence of each gene (www.pasteur.fr/recherche/genopole/PF8/mlst/ 
EColi.html; accessed 3 May 2011). n.a., not applicable, variant position outside reported MLST-sequence or gene not present in the Institute 
Pasteur's MLST scheme). 
d - Variant frequencies based on Escherichia coli MLST database (MLST-db) maintained at Institute Pasteur, France (accessed 8 August 
2008). 
 e - Variant positions were selected based on (1) the E. coli MLST-db maintained at Institute Pasteur, France (accessed 8 August 2008), (2) 
MLST sequencing of non-extended-spectrum beta-lactamase (non-ESBL) isolates of study set 1, and (3) selected from previous publications by 
Clermont et al. [23] and Scheludchenko et al. [22]. Assays for variants selected from Clermont et al. [23] and Scheludchenko et al. [22] were 
converted to the assay format of the present study (Supplementary Table 1). 
 
 
 
 
Using the SNP method described by Clermont et al. 
(Table 1; [23]) nine ST131 were detected among the 
sporadic ESBL-producing E. coli (study set 1). Accord-
ing to the suggested multi-SNP typing assay, four addi-
tional isolate of study set 1 co-clustered with the ST131 
isolates (Figure 1; one isolate each from individuals i27 
and i57, and two isolates from i16), and for three of 
these isolates the ST131 status according to Achtman’s  

MLST scheme [6] was confirmed by sequencing. 
 
Simultaneous colonization of different E. coli types   
In study set 1, five individuals who were living at a long 
term care facility were simultaneously colonised by dif-
ferent types of E. coli that are consistently identified 
with three different typing methods: PFGE, MLVA and 
Pheneplate [12]. Isolates from these individuals were al-
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Table 2. Accumulated Simpson's index of diversity of sporadic E. coli. 
 

SNP number a Accumulated Simpson's index of diversity 

14 0.66 

11 0.83 

9 0.89 

3 0.92 

7 0.93 

19 0.94 

2 0.94 

12 0.95 

max Di b 0.95 
 
SNP - single nucleotide polymorphism, a SNP numbers correspond to the numbers provided in Table 1, b Based on all 19 assays of Table 1. 
 
 
 
 
so assigned to different multi-SNP types (Figure 1; indi-
viduals i4, i6, i12, i14, and i26 of set 1). 
 
Recognition and tracking of outbreaks 
Two overlapping outbreaks caused by different types of 
ESBL-producing E. coli and three non-outbreak-related 
isolates were initially detected by PFGE during an out-
break at a neonatal ward (study set 2; Figure 2). MLST 
sequencing [6] identified the isolates of the first out-
break as ST127 and the second outbreak as ST131 (Fig-
ure 1). One of the three non-outbreak related isolates 
was ST131. The two remaining PFGE types not in-
volved in the outbreak were also classified as non-out-
break-related by MLST (Figure 1; ST129 and ST642). 
The multi-SNP real-time PCR typing discriminated the 
types in accordance with MLST (Figure 1) and provided 
a stable type assignment over time. ST127 correspond-
ed to a new multi-SNP type, adding to the previously 
identified 24 types E. coli. 
 
 

DISCUSSION 
 
We have developed a rapid, reliable, and convenient 
tool for typing of E. coli. The assay is based on real-
time PCR and variant-specific probes. Assaying 8 SNPs 
reached a Simpson´s index of diversity of 0.95 recom-
mended by van Belkum et al. [27] as a lower limit of 
discrimination for a typing assay. The discriminatory 
ability of the multi-SNP typing assay was sufficient to 
accurately differentiate between multiple types of E. 
coli that were simultaneously colonized in individuals 
living at a long term care facility, and the assay deliver-
ed stable and reliable typing results over time. 
Therefore, multi-SNP typing might provide a conve-
nient and efficient tool for detecting the simultaneous 
presence of multiple types of E. coli [12] in colonization 
and disease. The concurrent presence of susceptible and 
resistant isolates could have an impact on antibiotic 

treatment, and multiclonal colonization might also im-
pair epidemiological conclusions. Also, it is important 
to resolve issues regarding persistence, relapse with the 
same type, or reinfection with a new type [11,28,29]. 
During the investigated outbreak, multi-SNP typing 
demonstrated concordance with PFGE by identifying 
two overlapping outbreak of ESBL-producing E. coli at 
a neonatal ward. Isolates of one of these overlapping 
outbreaks corresponded to ST131. Similar to MLST, 
multi-SNP typing failed to identify one ST131 isolate as 
non-outbreak-related, which, however, was detected by 
PFGE. Complementary typing is warranted to resolve 
the ST131 complex of isolates. 
All ST131 isolates co-clustered according to multi-SNP 
typing, even though the assay was developed based on 
other genes than the genes of the MLST scheme that de-
fined ST131. In our hands, detection of ST131 accord-
ing to Clermont et al. [23] failed to recognize three of 
the ST131 isolates. 
Other assays targeting multiple SNP markers by means 
of PCR rely on a capillary electrophoresis instrument 
for sequencing [6,21,30] or genotyping [31] or a real-
time PCR based assessment of 8 SNPs with variant-spe-
cific priming using 17 separate reactions in duplicates 
[22]. Our method is based on the assessment of 8 SNPs 
using hydrolysis probes. A probe-based typing method 
requires fewer reactions, compared to variant-specific 
priming. Typing based on hydrolysis probes in conjunc-
tion with our mode of interpretation can handle at least 
three different variants per polymorphic position in a 
single reaction. Thus, even though four of the included 
polymorphic positions required three probes, our meth-
od required only 8 reactions and the assay cost per iso-
late may be calculated to €20. Apart from being accessi-
ble, probe-based real-time PCR generates reliable typ-
ing results in a timely manner and should allow for uni-
form type identification between laboratories. 
We suggest that our multi-SNP real-time PCR assay is 
suitable as a primary generic E. coli typing tool. How-
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Figure 1. Cluster analysis of E. coli isolates from study sets 1 and 2. 
 
Individual isolates were identified by “study set_sampled individual_MLST type (if available)”. For study set 2, each individual was assigned a 
prefix indicating child (c), father (f), mother (m), or staff (s), and a suffix indicating if the sample is the first (-1) or last sample (-2). The suffix 
also indicated if several isolates were analysed at the sampling occasion (e.g., -1.1 and -1.2). 
 
 
 
 
ever, taking next generation sequencing data into con-
sideration it is likely that even more informative poly-
morphic positions may improve the assay. We consider 

probe-based typing an attractive assay format and pro-
pose it as a convenient format for outbreak-specific as-
says based on next generation sequencing data [32].      
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Figure 2. Dendrograms based on one isolate per PFGE type identified among isolates sampled during two overlapping out-
breaks at a neonatal ward at Ryhov County Hospital (Jönköping, Sweden). 
 
Isolates were typeable using either 1 x HEPES buffer (A; isolate set2_c2-1_ST-127 belonged to the first outbreak) or 0.5 x Tris-Borate-EDTA 
buffer (B; isolate set2_c7-1_ST-131 belonged to the second outbreak). Individual isolates were named as follow “study set_sampled individu-
al_MLST type”, and each individual was assigned a prefix indicating child (c), father (f), mother (m), or staff (s), and a suffix indicating if the 
sample is the first (-1) or last sample (-2). The suffix also indicated if several isolates were analysed at the sampling occasion (e.g., -1.1 and -1.2). 
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Supplementary Table 1. Fluorescently labelled probes for allelic discrimination. 
 

SNP number a Dye Probe sequence b 

1 FAM CAACGG[T]CAGTTTGT 

 VIC CAACGG[C]CAGTTTG 

2 FAM CAAAGTCTC[A]GCGGC 

 VIC CAAAGTCTC[G]GCGGC 

3 FAM CCAG[C]TGGTAGCC 

 VIC CGCCAG[T]TGGTAGC 

4 FAM CTCTTTGCC[G]GT[A]TT 

 
VIC CTCTTTGCC[G]GT[G]TT 

NED TCTCTTTGCC[A]GT[G]TT 

5 FAM ACGGC[A]ATAGTCAC 

 VIC ACGGC[G]ATAGTCA 

6 FAM CTGGATCG[T]GCAGACA 

 VIC TGGATCG[C]GCAGACA 

7 FAM CGCGA[A]CAGTACGG 

 VIC CCGCGA[G]CAGTAC 

8 FAM CTAAA[T]GGCGCGCGGT 

 VIC CTAAA[C]GGCGCGCG 

9 FAM CAAGCAG[AG]AAACT 

 
VIC CAAGCAG[TA]AAACT 

NED AGCAG[AA]AAACTG 

10 FAM CC[G]AGCAC[G]CCAT 

 
VIC CC[G]AGCAC[A]CCATA 

NED CC[A]AGCAC[G]CCATA 

11 FAM TTAC[C]CTG[A]CGTTTGG 

 
VIC TTAC[T]CTG[A]CGTTTGGC 

NED TTAC[C]CTG[G]CGTTTG 

12 FAM CTGGC[C]TGTTTACG 

 VIC CTGGC[A]TGTTTACGC 

13 FAM TTGGCGC[A]GCGTT 

 VIC CTTTGGCGC[G]GCGT 

14 FAM CCAGCA[CC]TCAAA 

 
VIC TGCCAGCA[TT]TCA 

NED TGCCAGCA[TC]TCA 

15 FAM CTGC[G]CCTCCATT 

 VIC CTGC[A]CCTCCATTG 

16 FAM ATGAAGC[A]CT[G]GAAG 

 
VIC ATGAAGC[C]CT[T]GAAG 

NED ATGAAGC[C]CT[G]GAAG 

17 FAM CC[A]CAACA[C]GCGTAT 

 
VIC CC[G]CAACA[C]GCGTA 

NED CC[G]CAACA[T]GCGTA 

18 FAM TTCCTGAT[C]AACCACAAA 

 VIC TCCTGAT[T]AACCACAAAC 

19 FAM ATACGG[A]GTGACATCG 

 
VIC ATACGG[C]GTGACATC 

NED ATACGG[T]GTGACATCG 
 
SNP - single nucleotide polymorphism, a - Further information on each SNP can be found in Table 1 in the main text, b - Differently labeled 
probes for polymorphic discrimination were designed using Primer Express® 2.0 (Life Technologies, Carlsbad, CA,USA). 
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Supplementary Table 2. Simpson's index of diversity per SNP for sporadic E. coli (study set 1). 
 

SNP number a Simpson's index of diversity 

1 0.50 

2 0.50 

3 0.45 

4 0.55 

5 0.50 

6 0.20 

7 0.29 

8 0.51 

9 0.59 

10 0.59 

11 0.56 

12 0.47 

13 0.48 

14 0.66 

15 0.51 

16 0.56 

17 0.51 

18 0.47 

19 0.64 
 
SNP - single nucleotide polymorphism, a SNP - numbers correspond to the numbers provided in Table 1 in the main text. 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /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 <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


