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Detection of Shiga toxin-producing Escherichia coli
in meat swabs by TagMan real-time PCR targeting stx genes

DOBROSLAVA BUJNAKOVA - VLADIMIR KMET - EVA KACLIKOVA - MARTA KMETOVA

SUMMARY

Reliable methods for the detection and characterization of Shiga toxin-producing Escherichia coli (STEC) are essential
for food safety. In this study, two pairs of PCR primers with respective TagMan probes were used in real-time PCR
for this purpose. The method efficiently amplified all variants of the Shiga toxin genes stxI or stx2. A detection limit of
10! CFU per sample was determined for the complete method with meat swab samples artificially contaminated with
reference E. coli strains positive for Stx1 or Stx2 production. The optimized complete detection system was suitable for

rapid and sensitive detection of Shiga toxin-producing E. coli strains in meat swabs.
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Although the bacterium Escherichia coli is
amember of the normal flora of the gastrointes-
tinal tract of humans and animals, several patho-
genic types of E. coli may cause human diseases.
E. coli O157:H7 and other enterohemorrhagic
E. coli (EHEC) strains have emerged in recent
years as important human pathogens associated
with a spectrum of diseases ranging from diarrhea
to hemorrhagic colitis and hemolytic-uremic syn-
drome. A subgroup of EHEC strains which pro-
duce Shiga toxins Stx1 and Stx2 are designated
STEC. The production of Shiga toxins by STEC
strains has a major role in pathogenesis, particu-
larly in the pathogenesis of hemolytic-uremic syn-
drome [1-3].

Shiga toxin-producing E. coli often infect the
cattle and Stx1-producing STEC predominate in
diarrheal calves, whereas Stx2-producing STEC
have been detected mainly in healthy animals
[4-6]. Among the most important sources of hu-
man infection are direct contact with cattle and
other ruminants, contaminated beef products, un-
pasteurized milk, as well as contaminated vegeta-
bles, fruits and drinking water [7].

The ability to control diseases associated with
STEC and to limit outbreaks depends upon the

rapid detection of these pathogens. The method
based on sorbitol MacConkey agar culture cou-
pled to the specific detection of the O157 antigen
is used in most laboratories but this approach ne-
glects other STEC serotypes [8]. In recent years,
the detection of pathogenic E. coli strains has
been greatly improved by using conventional PCR
in the multiplex format [9, 10] or by real-time PCR
[11, 12].

However, conventional PCR suffers from sev-
eral disadvantages, such as the need for agarose gel
electrophoresis and for confirmation of the ampli-
fied DNA fragments by nested PCR or Southern
blot, which are time-consuming and labour-inten-
sive and hence hardly acceptable for routine use.

In this study, the stxI and stx2 genes of STEC
were used as targets for 5-nuclease (TaqMan)
real-time PCR detection of STEC and the method
was applied to the analysis of model meat swabs.

MATERIALS AND METHODS

Bacterial strains
Reference strains positive for stx! (P17) and
stx2 (Sal 4/LXIV/1) genes, respectively, were ob-

Dobroslava Bujiiakova, Viadimir Kmet, Institute of Animal Physiology, Slovak Academy of Sciences, Soltésovej4/6,

SK - 04001 Kosice, Slovakia.

Eva Kaclikova, Department of Microbiology and Molecular Biology, Food Research Institute, Priemyselna 4, P. O. Box 25,

SK - 82475 Bratislava, Slovakia.

Marta Kmetova, Institute of Medical Microbiology and Clinical Microbiology, P J. Safarik University, Faculty of Medicine,

Trieda SNP 1, SK - 04011 Kosice, Slovakia.

Correspondence author:

Dobroslava Bujnakova, e-mail: dbujnak@saske.sk, tel. +421 55 7287842, fax +421 55 7287842

© 2007 VUP Food Research Institute, Bratislava

97



Bujnakova, D. et al.

J. Food Nutr. Res., 46, 2007, pp. 97-100

tained from Institute of Medical Microbiology and
Clinical Microbiology, KoSice, Slovakia and from
Institute of Veterinary Food Sciences, Justus-Lie-
big-University, Giessen, Germany. Commensal
E. coli veterinary isolates NVI 41 and NVI 45 were
obtained from National Veterinary and Food In-
stitute, Bratislava, Slovakia. Cultures were grown
in Nutrient Broth (Merck, Darmstadt, Germany)
overnight at 37 °C. Cell concentrations of refer-
ence strains for the construction of standard curves
were determined by the plate-count technique on
Nutrient Agar plates (Merck) incubated at 37 °C
for 24 £2 h.

Artificial inoculation

Swabs from 10 cm? of beef meat were artifi-
cially inoculated with STEC P17 and Sal 4/LXIV/1
(100, 101, 102, 103 CFU per sample), respectively.

Preparation of DNA

DNA from bacteria was extracted by cell lysis
using boiling. A volume of 1 ml of the bacterial
suspension was centrifuged at 10 000 g, the sedi-
ment was resuspended in 100 ul of 0.1 % v/v Triton
X-100 (Serva, Heidelberg, Germany), incubated at
95 °C for 20 min, centrifuged at 12 000 g for 10 min
and the supernatant was used as a DNA sample
[13].

Real-time PCR

Each reaction of 25 ul contained 300 nmol.I'!
of the vt1-F and vt1-F primers, 300 nmol.I'! of the
primer vt2-F and vt2-R; 200 nmol.l-! of the Tag-
Man probe vt1-P labelled with 6-carboxyfluores-
cein (FAM) and vt2-P labelled with tetrachloro-6-
carboxyfluorescein (TET) (designed by NIELSEN
et al. [14]; all oligonucleotides from Merck),
200 umol.I'! of each ANTP (Invitrogen, Gaithers-
burg, Maryland, USA), 1 U PlatinumTaq DNA
polymerase (Invitrogen), 2.5 ul of 10x concentrat-
ed PCR buffer supplied with the polymerase, and
1 ul of the DNA sample.

Reactions were carried out in Mx3000P real-
time PCR cycler (Stratagene, La Jolla, Califor-
nia, USA) using 40 cycles of 94 °C for 15s and
63 °C for 60 s. Kinetics of the fluorescence signal
in the FAM channel and hexachloro-6-carboxy-
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Fig. 1. Record of arepresentative TagMan real-
time PCR with lysates of decimally diluted
STEC P17 culture of 2.5 x 106 CFU.mI1 (1),
2.5 x 105CFU.mI't  (2), 2.5 x 104CFU.mI! (3),
2.5 x 103CFU.mI' (4), 2.5 x 102CFU.mI'! (5) and
negative control (6).

fluorescine (HEX) channel were recorded and the
threshold cycle values were calculated using the in-
ternal instrument software. Threshold cycle values
of triplicate analyses of individual samples were
averaged, plotted against the decadic logarithm of
culture concentrations and calibration lines were
constructed.

RESULTS AND DISCUSSION

Real-time PCR detection of stx1 and stx2

In this study, the optimized and evaluated
method that could be applicable to screen for stx-
positive samples by real-time PCR is described.
The advantage is the use of real-time PCR and
TagMan fluorescent probes, which produce a final
result within 2 h after the strain isolation or cul-
ture enrichment [15].

For decimally diluted bacterial cultures of
known concentrations, amplification curves with
proportionally increasing threshold cycle values
were recorded (Fig. 1). Threshold cycle values of
parallel PCR reactions were plotted against bac-
terial concentrations and calibration lines were
constructed. These were linear over the range of
concentrations used (10! to 105 CFU.ml'l) with

Tab. 1. Parameters of the calibration lines [threshold cycle vs log ¢ (CFU.ml1)]
calculated from 5’-nuclease real-time PCR with decimal dilutions of E. coli strains.

) . Parameter (average = SD, n = 3)
Strain (toxin) -
Slope X-intercept
E. coli P17 (Stx1) -3.32 £ 0.10 44.59 + 0.09
E. coli Sal4/LXIV/1 (Stx2) -3.33 = 0.18 44.81 + 0.12

SD - standard deviation.
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Tab. 2. Detection limit of 5’-nuclease real-time PCR.

Beef meat swabs inoculated
with STEC P17 or Sal4/LXIV/1
[CFU per samples]

Quantity
[average CFU per samples = SD]

. coli P17 (3.0 x 109)
. coli P17 (3.0 x 107
. coli P17 (3.0 x 102)
. coli P17 (3.0 x 103)
. coli Sal4/LXIV/1 (4.5 x 100)
. coli Sal4/LXIV/1 (4.5 x 101)
. coli Sal4/LXIV/1 (4.5 x 102)
. coli Sal4/LXIV/1 (4.5 x 103)

mMmMmMMmMmmMmmm

n.d.
7,232 x 10" = 0,21 x 101
1,484 x 102 £ 0,15 x 102
1,113 x 103 +£ 0,05 x 108
n.d.
5,132 x 10" = 0,11 x 101
2,494 x 102 = 0,15 x 102
3,312 x 103 + 0,03 x 103

n.d. - not detectable, SD - standard deviation.

correlation coefficients 2 > 0.993 and with prac-
tically identical slopes and x-intercepts (Tab. 1).
Commensal E. coli isolates as a simulated back-
ground E. coli microflora at a concentration level
of 106 CFU.ml"! had no effect on the analytical pa-
rameters (data not shown).

Detection limit with meat swabs

To determine the detection limit of the method,
the swabs from beef meat were inoculated with
STEC strains P17 and Sal 4/LXIV/1 at levels of
100, 101, 102 and 103 CFU per sample respectively.
After the DNA preparation, the detection limit of
the method of 101 CFU per swab sample was de-
termined (Table 2).

This detection limit was comparable with other
published methods. STEFAN et al. [12] compared
real-time PCR assay targeting stx genes with the
enzyme-linked fluorescent assay (ELFA) VIDAS
ECOLI. After overnight enrichment, 10 CFU
STEC per sample could be detected using real-
time PCR, while the detection limit of ELFA was
50 CFU per sample. Similar detection limits were
determined for real-time PCR also by HEUNEN
etal. [11].

Microbiological criteria for E. coli counts on
bovine carcasses are set to 102 CFU.cm™2 by the
American Food Safety and Inspection Service,
while e. g. Belgian legislation is stricter, stating the
limit of 20 CFU.cm2 [16]. From this point of view,
the detection limit of 10 CFU per 10 cm? for the
swabbed meat surface achieved by the presented
method fulfilled even the stricter hygienic require-
ments.

CONCLUSIONS

Generally, the development of real-time PCR-
based methods to detect pathogenic bacteria in
food is leading to certain improvement in food

safety and, consequently, in public health. The
real-time PCR system described and evaluated
in this study is suitable for the rapid and reliable
identification of STEC strains in food and swab
samples. This method is suitable for food safety
and technological hygiene applications.

ACKNOWLEDGEMENTS

This research was financially supported by the VEGA
2/7046/27 and 1/4254/07 projects and by the Slovakian
State Programme of Research and Development, project
,Food Quality and Safety“ No. 2003SP270280E010.

REFERENCES

1. Besser, R. E. - Griffin, P. M. - Slutsker, L.: Escheri-
chia coli O157:H7 gastroenteritis and the hemolytic
uremic syndrome: an emerging infectious disease.
Annual Review of Medicine, 50, 1999, pp. 355-367.

2. McLigeyo, S. O.: Haemolytic uraemic syndrome:
areview. East African Medical Journal, 76, 1999,
pp- 148-153.

3. Mainil, J. G. - Daube, G.: Verotoxigenic Escheri-
chia coli from animals, humans and foods: who’s
who. Journal of Applied Microbiology, 98, 2005,
pp. 1332-1344.

4. Mainil, J. G. - Jacquemin, E. R. - Kaecken-
beeck, A. E. - Pohl, P. H.: Association between the
effacing (eae) gene and the Shiga-like toxin-encod-
ing genes in Escherichia coli isolates from cattle.
American Journal of Veterinary Research, 54, 1993,
pp- 1064-1068.

5. Blanco, M. - Blanco, J. E. - Blanco, J. - Mora, A. -
Prado, C. - Alonso, M. P. - Mourino, M. - Madrid, C. -
Balsalobere, C. - Judrez, A.: Distribution and charac-
terization of faecal verotoxin-producing Escherichia
coli (VTEC) isolated from healthy cattle. Veterinary
Microbiology, 54, 1997, pp. 309-309.

6. Kmet, V. - Bujidkovd, D. - Novék, S. - Melichdrek, I. -
Kmetovd, K.: Minimal inhibitory concentrations
of antibiotics and virulence factors in E. coli iso-
lated from diarrhoeic calves. Journal of Veterinary
Medicine B, 54, 2007, pp. 31-33.

99



Bujnakova, D. et al.

J. Food Nutr. Res., 46, 2007, pp. 97-100

7. Tozzi, A. E. - Gorietti, S. - Caprioli, A.: Epidemiology
of human infections by Escherichia coli O157
and other verocytotoxin-producing E. coli. In:
Dufty, G. - Garvey, P.- McDonald, D. A. (Ed.):
Verocytotoxigenic E. coli. Trumbull : Food Science
and Nutrition Press, 2001, pp. 161-180.

8. Paton, J. C. - Paton, A. W.. Pathogenesis and
diagnosis of Shiga toxin-producing Escherichia coli
infections. Clinical Microbiology Reviews, 71, 1998,
pp- 450-479.

9. Aranda, K. R. - Fabbricotti, S. H. - Fagundes-
Neto, U. - Scaletsky, I. C.: Single multiplex assay to
identify simultaneously enterophatogenic, entero-
aggregative, enterotoxigenic, enteroinvasive and
Shiga toxin-producing Escherichia coli strains. FEMS
Microbiology Letters, 267, 2007, pp. 145-150.

10. Miiller, D - Greune, L. - Heusipp, G. - Karch, H. -
Fruth, A. - Tschipe, H. - Schmidt, M. A.: Identification
of unconventional intestinal pathogenic Escherichia
coli isolates expressing intermediate virulence factor
profiles by using a novel single-step multiplex PCR.
Applied and Environmental Microbiology, 73, 2007,
pp. 3380-3390.

11. Heijnen, L. - Medema, G.: Quantitative detection
of E. coli, E.coli O157 and other shiga toxin produc-
ing E. coli in water samples using culture method
combined with real-time PCR. Journal of Water and
Health, 4, 2006, pp. 487-498.

12. Stefan, A. - Scaramagli, S. - Bergami, R. - Mazzi-

100

13.

14.

15.

16.

ni, C. - Barbanera, M. - Perelle, S. - Fach, P.: Real-
time PCR and enzyme-linked fluorescent assay
methods for detecting Shiga-toxin-producing
Escherichia coli in mincemeat samples. Canadian
Journal of Microbiology, 53, 2007, pp. 337-342.
Abolmaaty, A. - El-Shemy, M. G.- Khallaf, M. F. -
Levin, R. E.: Effect of lysing methods and their
variables on the yield of Escherichia coli O157:
H7 DNA and its PCR amplification. Journal of
Microbiological Methods, 34, 1998, pp. 133-141.
Nielsen, E. M. - Andersen, M. T.: Detection and char-
acterization of verocytotoxin-producing Escherichia
coli by automated 5’ nuclease PCR assay. Journal of
Clinical Microbiology, 41, 2003, pp. 2884-2893.
Krascsenicsovd, K. - Kaclikovd, E. - Pangallo, D. -
Siekel, P.- Girotti, S. - Kuchta, T.: Detection of
Salmonella enterica in food on the next day after
the sample collection using 5‘-nuclease polymerase
chain reaction with end-point fluorimetry. Journal of
Food and Nutrition Research, 45, 2006, pp. 30-33.
Chahed, A. - China, B. - Mainil, J. - Daube, G.:
Prevalence of enterohaemorrhagic Escherichia
coli from serotype O157 and other attaching and
effacing Escherichia coli on bovine carcasses in
Algeria. Journal of Applied Microbiology, 101, 2006,
pp- 361-368.

Received 6 February 2007; revised 24 August 2007; accept-
ed 28 August 2007.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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 [612.000 792.000]
>> setpagedevice


