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Abstract

subjects.

comparing patients carrying or lacking HLA DQ2/DQ8.

account when considering duodenal lymphocytosis.

Background: Evaluation of intraepithelial duodenal lymphocytosis (IDL) is important in celiac disease (CD). There is
no established cut-off value for increased number of IELs in the bulb.
We therefore investigated the relation between IEL counts in the bulb and duodenal specimens in non-celiac

Methods: The number of CD3+ IELs was determined in specimens from the second part of the duodenum and
from the bulb in 34 non-celiac subjects. The numbers of IELs in the villus tip and sides were counted and the
quotient tip/side was calculated. HLA DQ2/DQ8 and serum antibodies against transglutaminase were analysed.

Results: The mean number of IELs per 100 enterocytes (95% Cl) in specimens was 14.7 (11.8-17.6) in the bulb, and
21.2 (17.0-25.5) in the second part of the duodenum (p<0.01). There was no difference in IEL count or distribution

Conclusions: IEL count in non-celiac, HLA DQ2/DQ8 positive or negative patients is significantly lower in the bulb
than in the second part of the duodenum. These findings implicate that the site of biopsy should be taken into

Background
Intraepithelial lymphocytes (IELs) constitute a distinct
population of T cells in the basal portion of the gut
epithelium. Intraepithelial lymphocytosis is one of the
criteria for the diagnosis of celiac disease (CD) [1]. How-
ever, it is an unspecific finding that can be found in
many other inflammatory conditions with or without con-
comitant infection [2,3] and can also be drug-induced [4].
In western countries, intraepithelial lymphocytosis is asso-
ciated with Helicobacter pylori (HP) infection provided
that CD has been excluded [5,6]. In patients with HP-
infection high numbers of IELs in the duodenum [7] de-
crease after HP-eradication [5].

Intraepithelial lymphocytosis was recently defined as a
normal villous architecture with >25 IELs per 100

* Correspondence: magnus.strom@lio.se

“Department of Gastroenterology and Hepatology, Linkdping university
hospital, Linkdping, Sweden

°Department of Clinical and Experimental Medicine, Faculty of Health
Sciences, Linkdping University, Linkdping, Sweden

Full list of author information is available at the end of the article

( BioMVed Central

enterocytes in the duodenal mucosa, as judged by im-
munohistochemistry [8]. Increased numbers of IELs has
been considered to be of high diagnostic value in CD,
provided the distribution is even along the villus
[4,9,10] or if the IELs predominantly have an apical lo-
calisation [4,11,12] In recent years, it has been claimed
that biopsies from the bulb are essential when consider-
ing CD [3,13,14], and this is now recommended in
addition to biopsies from the second part of the duode-
num in all patients who are investigated for CD [14-16].
A reference value for IELs in the bulb has not been set-
tled, but it has been assumed to be in the same range as
in the second part of duodenum [6,17].

The aims of this study were to assess (i) the numbers
and distribution of IELs in biopsies from the bulb and
the second part of the duodenum in subjects without
HP (ii) whether there are any differences in numbers or
distribution of IELs between subjects with or without
HLA DQ2/8.

© 2013 Bednarska et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Methods

Study population

Patients successfully treated for non-ulcerating HP gas-
tritis ten years ago were recruited to minimise any
influence of recent HP-infection. A prerequisite was that
they had a negative urea breath test 6 weeks after HP
eradication and, at control gastroscopy one year later, a
negative rapid urease test and no HP present at histo-
logical examination. Further, the study subjects (n=57)
were selected on the basis of available frozen (-70°C)
serum samples (S1), which were analyzed for antibodies
against tissue transglutaminase (anti-tTG) to exclude
CD with high probability. The patients were asked to
participate in a follow-up control with endoscopy. Out
of the 57 identified subjects 23 declined or were dis-
qualified from a new endoscopy due to high age.

The remaining 34 subjects consisted of 14 men and 20
women with a mean age of 66 years (range 37-88). No
patients suffered from any disease known to be associ-
ated with increased IEL except seven subjects who had
regular intake of non-steroidal anti-inflammatory drugs.
All patients underwent blood sampling (S2).

Esophago-duodenoscopy

At the upper gastrointestinal endoscopy two biopsy speci-
mens were taken from the bulb (in all but one case) and
two specimens from the second part of the duodenum
below the papilla major. Biopsies for rapid urease test
(Pronto Dry*, Gastrex, Brignais, France) were taken from
both antrum and corpus [18].

Histopathology

Biopsy specimens from duodenum and the bulb were
fixed in formalin. Paraffin blocks were cut in 4-pm
sections and stained with hematoxyline-eosine (HE) to
assess the villous/crypt ratio and immuno-histochemical
staining (IHC) with anti-CD3 monoclonal antibody (mono-
clonal IgG1 mouse anti-human CD3 antibodies, Clone
F7.2.38. Dako, Glosrup, Denmark) to visualise IELs. The
specimens were independently examined by an experi-
enced pathologist (SI) and a resident (OB). In each speci-
men areas of mostly expressed histopathological changes
including low villus/crypt ratio, increased numbers of lym-
phocytes were recognized. Lymphocytes were estimated in
CD3 immunostained sections counting 500 enterocytes
preferably in five adjacent, well oriented villi. In each of the
five villi the number of IELs per 20 enterocytes in the tip
of the villus and per 80 enterocytes in the side of the villus
(altogether 100 enterocytes per villus) was calculated. An
upper limit of 25 lymphocytes per 100 enterocytes and a
minimal villus/crypt (V:C) ratio of 3:1 in the second part
of the duodenum were considered normal [19]. A value
of top-IELs/100 enterocytes (five villi) and side IELs/
400 enterocytes (five villi) converted to IELs number/
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100 enterocytes was tabulated. Furthermore, IELs tip/
side score (T/S) was calculated in order to distinguish
IELs distribution pattern.

Serum analyses

Ten year old (S1) and new (S2) serum samples were exam-
ined regarding IgA-antibodies against human recombinant
tTg (Celikey, Phadia, Freiburg, Germany). The analyses
were performed according to the manufacturers’ instruc-
tions and the recommended cut-off 7 AU/ mL was used.
Total serum IgA levels were determined by a routine tur-
bidimetric method. One patient had developed an IgA-
deficiency (<0.07 g/L) in the S2 blood sampling, and in
this case IgG anti-tTg was analysed.

HLA
Typing for DQ2/DQ8 genes was performed with PCR-SSP
assay (Olerup SSP°, Wien, Austria).

Statistical analysis

Kappa statistics was used to compare histological classi-
fication between the two examiners. The study results
were depicted by mean and 95% confidence interval (CI).
Comparisons were performed by the t-test. P-values below
0.05 (2-sided) were considered statistically significant.

Ethical considerations

The study was approved by the regional ethics committee
(Regionala etikprovningsndmnden i Linkoping), Linkoping,
Sweden. All subjects gave written informed consent.

Results

HP status

Based on a negative rapid urease test (performed during
gastroenteroscopy using biopsy specimens both from the
antrum and the corpus) together with negative histology
for HP, a current HP infection was excluded in all but
one case.

Serology
The S1 serum samples as well as the S2 follow-up serum
samples were all negative regarding anti-tTG antibodies.

Histology
The specimen from the patient with recurrent HP infec-
tion was excluded. One patient did not have a biopsy
from the bulb taken and one biopsy from the bulb was
not possible to examine due to inadequate preparation.
The inter-observer results were consistent (kappa co-
efficient 0.67 and 0.69 respectively) regarding histopath-
ology of the bulb (n=31) and the second part of the
duodenum (n=33). The IELs values of OB were chosen
for statistical analyses.
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Table 1 Intraepithelial lymphocytosis in specimens from the second part of the duodenum and from the bulb

|IELs/ 100 enterocytes Tip Side Total T/S
Duodenum 23.0* (19.5-26.5) 21.2% (16.7-25.6) 21.6* (17.5-25.8) 1.26 (1.07-1.44)
Bulb 15.9% (12.0-19.8) 14.0% (11.1-16.9) 14.3% (11.4-17.7) 1.24 (1.06-1.43)
* p<0.01

Tip- the sum of [EL/20 enterocytes from five villi.
Side- the sum of IEL/80 enterocytes from five villi divided by four.

Total- the sum of five villi's [EL/20 enterocytes in the tip + IEL/80 enterocytes in the side divided by five.

T/S the number of tip enterocytes divided by the number of side enterocytes.
Mean values and 95% Cl.

Intraepithelial lymphocytosis [8] (i.e. >25 IELs/100
enterocytes, corresponding to Marsh grade I) was found
in 27% of duodenal biopsies and in 13% of bulb biopsies
(p>0.05).

No biopsy revealed crypt hyperplasia. The villus:crypt-
ratio was significantly lower in the bulb compared with
the duodenal biopsies (mean 2.3 and 3.1 respectively,
p<0.001).

The number of IELs in biopsies from the second part
of the duodenum were significantly higher (p<0.01) than
in biopsies from the bulb, both in the tip and the side, as
well as regarding total IEL counts (Table 1). The ‘IEL dis-
tribution pattern, IEL tip/side score, in the second part of
the duodenum did not differ significantly from that in the
bulb (Table 1).

Subjects regularly using NSAID (n=7) had a tendency
(p=0.07) of a higher IEL count in the second part of the
duodenum mean 29.1 (95% CI, 11.9-46.2) compared with
subjects not using NSAID 19.6 (95% CI, 16.1-23.1).

HLA genotyping
The HLA DQ2 and/or DQ8 were found in 41%.

IEL counts did not differ between patients with or
without HLA DQ2/8 (Table 2).

Discussion

The importance of taking biopsies from the bulb in the
diagnostic workup of celiac disease has been reported
lately [13-16,20]. There is no established cut-off value
for increased number of IELs in the bulb. Whether or
not intraepithelial lymphocytosis is restricted to the bulb

in early stages of CD is not known. Most publications in
this field evaluate the number of IELs in the second part
of the duodenum [19], and these results have automatic-
ally been considered to apply also for the bulb.

We found IEL counts to be significantly lower in the
bulb compared to the second part of the duodenum.
There are a few previous reports on the number of IELs
in the bulb compared with the second part of the duode-
num in children and adults without CD, and in these stud-
ies no significant differences were found [6,13,17,21]. The
lower IEL counts in the bulb reported here might be of
importance when defining intraepithelial lymphocytosis in
specimens from this area, as the accepted cut-off in the
second part of the duodenum ie. >25 IELs per 100
enterocytes may be too high for the bulb. Our findings
indicate that different cut-off levels should be applied in
the bulb compared with the distal duodenum, to define
intraepithelial lymphocytosis at these sites. This may be
important in order not to underestimate intraepithelial
lymphocytosis in cases where duodenal biopsies are only
available from the bulb.

HLA DQ2 and DQ8 are closely linked to CD [22], but
seems also to be overrepresented in HP infection [23].
Hence, the high occurrence of these HLA alleles among
our subjects with previous HP-infection was expected.
In this study, IEL counts did not differ between patients
with or without DQ2/8. In order to obtain reference
values for IELs in true non-CD, biopsies from the second
part of duodenum have recently been explored in DQ2/8-
negative controls [24]. The optimal approach might be to
define IEL cut-off levels based on biopsies from healthy

Table 2 Number of IELs per 100 enterocytes in the second part of the duodenum and in the bulb in patients with and

without HLADQ2/8

|IELs/100 enterocytes Tip

Side

Total T/S

DQ2/8 duodenum 22.1 (14.9-29.2)
Non-DQ2/8 duodenum 23.6 (19.6-27.6)
DQ2/8 bulb
Non-DQ2/8 bulb 153 (11.9-18.6)

215 (11.1-31.9) (

209 (16.7-25.2) ( (
(9.0-19.0) 142 (88-19.6) 1.28 (0.92-164

140 (100-17.9) ( (

16.8 (7.9-25.7) 14.0

218 (12.2-315) 1.27 (0.90-1.63

)
215 (175-254) 1.25 (1.03-1.46)
)
143 (10.7-17.9) 1.22 (0.99-145)

Tip- the sum of [EL/20 enterocytes from five villi.
Side- the sum of IEL/80 enterocytes from five villi divided by four.

Total- the sum of five villi's IEL/20 enterocytes in the tip + IEL/80 enterocytes in the side divided by five.

T/S the number of tip enterocytes divided by the number of side enterocytes.
Mean values and 95% Cl.
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DQ2/8-positive persons. To reassure that our patients nei-
ther had latent or silent CD nor an active or recent HP in-
fection, we selected cases who had no clinical signs of
gluten intolerance and negative anti-tTg antibody tests
also at follow-up after a ten year observation period., As
IEL counts were the same in cases with or without DQ2/
DQ8, it seems justified to apply the same reference value
regardless of HLA DQ2/DQ8 status.

The microscopic examination of biopsy specimens
from both the bulb and the second part of the duode-
num, overall revealed an even IEL distribution along the
villus, but with a tendency of increased IEL counts
apically. We performed an exact enumeration of IELs, in
contrast to the observer-dependent estimation which
has been applied so far [25]. Until now, only one study
has reported a duodenal IEL ratio by dividing IEL counts
in the villus tip with IEL counts at the side of the villus
[12]. The results of the present study argue against the
prevailing notion that an apical predominance or ’even-
along-the-villus’ pattern is a finding suggestive of CD
[4,9,10,26], since we found that this was common also
among non-CD subjects.

A major drawback of this study is the limited study
population. However, this was due to our wish to ex-
clude CD cases by a 10-year follow-up of subjects testing
negative with regard to celiac-specific antibodies. There-
fore, identification of stored serum samples was crucial
for the study but at the same time a limiting condition,
especially as we also wished to include patients with
HLA DQ2/8 i.e. those with a genetic prerequisite to de-
velop CD [22]. Despite the limitation, this long observa-
tion time is at the same time a major advantage of our
study. Another study virtue is the high kappa coefficient
value of the IEL counts reported by the two independent
investigators, reassuring the reliability of our results.

Conclusion

In this study we found (i) lower number of IELs in the
bulb compared with the second part of the duodenum
in subjects without any sign of CD. The distribution of
IELs was the same in bulb and the second part of the
duodenum. (ii) There was no difference in number or
distribution of IELs between subjects regardless of HLA-
DQ2 or -DQ8 occurrence.

Our findings implicate that the approach to evaluate
duodenal lymphocytosis needs deeper appreciation with
regard to whether specimens from the bulb or the de-
scending part of the duodenum are examined.

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

Authors’ contributions

OB contributed to conception and design, acquisition, analysis and
interpretation of data and wrote the first draft of the manuscript. Sl and LD
contributed to acquisition, analysis and interpretation of data. MS

Page 4 of 5

contributed to conception and design, acquisition, analysis and
interpretation of data and finished the manuscript. All authors critically read
and approved the final version.

Acknowledgements
This study was funded by a research grant from the Medical Research
Council of Southeast Sweden.

Author details

WDepar‘[ment of internal medicine, Oskarshamn hospital, Oskarshamn,
Sweden. *Department of pathology, Linkdping university hospital, Linkdping,
Sweden. *Department of clinical immunology, Linkdping university hospital,
Linképing, Sweden. “Department of Gastroenterology and Hepatology,
Linképing university hospital, Linkdping, Sweden. *Department of Clinical
and Experimental Medicine, Faculty of Health Sciences, Linkdping University,
Linkdping, Sweden.

Received: 22 March 2013 Accepted: 2 July 2013
Published: 10 July 2013

References

1. Marsh MN: Gluten, major histocompatibility complex, and the small
intestine. A molecular and immunobiologic approach to the spectrum of
gluten sensitivity (‘celiac sprue’). Gastroenterology 1992, 102:330-354.

2. Brown I, Mino-Kenudson M, Deshpande V, Lauwers GY: Intraepithelial
lymphocytosis in architecturally preserved proximal small intestinal
mucosa: an increasing diagnostic problem with a wide differential
diagnosis. Arch Pathol Lab Med 2006, 130(7):1020-1025.

3. Aziz |, Evans KE, Hopper AD, Smillie DM, Sanders DS: A prospective study
into the aetiology of lymphocytic duodenosis. Aliment Pharmacol Ther
2010, 32(11-12):1392-1397.

4. Kakar S, Nehra V, Murray JA, Dayharsh GA, Burgart LJ: Significance of
intraepithelial lymphocytosis in small bowel biopsy samples with normal
mucosal architecture. Am J Gastroenterol 2003, 98(9):2027-2033.

5. Nahon S, Patey-Mariaud De Serre N, Lejeune O, Huchet FX, Lahmek P,
Lesgourgues B, Traissac L, Bodiguel V, Adotti F, Tuszynski T: Duodenal
intraepithelial lymphocytosis during Helicobacter pylori infection is
reduced by antibiotic treatment. Histopathology 2006, 48(4):417-423.

6. Walker MM, Murray JA, Ronkainen J, Aro P, Storskrubb T, D’Amato M, Lahr B,
Talley NJ, Agreus L: Detection of celiac disease and lymphocytic
enteropathy by parallel serology and histopathology in a population-
based study. Gastroenterology 2010, 139(1):112-119.

7. Memeo L, Jhang J, Hibshoosh H, Green PH, Rotterdam H, Bhagat G: Duodenal
intraepithelial lymphocytosis with normal villous architecture: common
occurrence in H. pylori gastritis. Mod Pathol 2005, 18(8):1134-1144.

8. Veress B, Franzen L, Bodin L, Borch K: Duodenal intraepithelial
lymphocyte-count revisited. Scand J Gastroenterol 2004, 39(2):138-144.

9. Goldstein NS, Underhill J: Morphologic features suggestive of gluten
sensitivity in architecturally normal duodenal biopsy specimens. Am J
Clin Pathol 2001, 116(1):63-71.

10.  Mino-Kenudson M, Brown |, Lauwers GY: Histopathological diagnosis of
gluten-sensitive enteropathy. Curr Diagn Pathol 2005, 11(4):274-283.

11. Ferguson A, Murray D: Quantitation of intraepithelial lymphocytes in
human jejunum. Gut 1971, 12(12):988-994.

12, Mino M, Lauwers GY: Role of lymphocytic immunophenotyping in the
diagnosis of gluten-sensitive enteropathy with preserved villous
architecture. Am J Surg Pathol 2003, 27(9):1237-1242.

13. Vogelsang H, Hanel S, Steiner B, Oberhuber G: Diagnostic duodenal bulb
biopsy in celiac disease. Endoscopy 2001, 33(4):336-340.

14. Evans KE, Aziz |, Cross SS, Sahota GR, Hopper AD, Hadjivassiliou M, Sanders
DS: A prospective study of duodenal bulb biopsy in newly diagnosed
and established adult celiac disease. Am J Gastroenterol 2011,
106(10):1837-1842.

15. Prasad KK, Thapa BR, Nain CK, Singh K: Assessment of the diagnostic value
of duodenal bulb histology in patients with celiac disease, using
multiple biopsy sites. J Clin Gastroenterol 2009, 43(4):307-311.

16.  Bonamico M, Thanasi E, Mariani P, Nenna R, Luparia RP, Barbera C, Morra |,
Lerro P, Guariso G, De Giacomo C, et al: Duodenal bulb biopsies in celiac
disease: a multicenter study. J Pediatr Gastroenterol Nutr 2008, 47(5):618-622.

17.  Giacosa A: Morphometry of normal duodenal mucosa. Scand J
Gastroenterol Suppl 1989, 167:10-12.



Bednarska et al. BMC Gastroenterology 2013, 13:111
http://www.biomedcentral.com/1471-230X/13/111

22.

23.

24.

25.

26.

Dixon MF, Genta RM, Yardley JH, Correa P: Classification and grading of
gastritis. The updated Sydney System. International Workshop on the
Histopathology of Gastritis, Houston 1994. Am J Surg Pathol 1996,
20(10):1161-1181.

Dickson BC, Streutker CJ, Chetty R: Coeliac disease: an update for
pathologists. J Clin Pathol 2006, 59(10):1008-1016.

Gonzalez S, Gupta A, Cheng J, Tennyson C, Lewis SK, Bhagat G, Green PH:
Prospective study of the role of duodenal bulb biopsies in the diagnosis
of celiac disease. Gastrointest Endosc 2010, 72(4):758-765.

Szakal DN, Gyorffy H, Arato A, Cseh A, Molnar K, Papp M, Dezsofi A, Veres G:
Mucosal expression of claudins 2, 3 and 4 in proximal and distal part of
duodenum in children with coeliac disease. Virchows Arch 2010,
456(3):245-250.

Jabri B, Sollid LM: Tissue-mediated control of immunopathology in
coeliac disease. Nat Rev Immunol 2009, 9(12):858-870.

Quintero E, Pizarro MA, Rodrigo L, Pigue JM, Lanas A, Ponce J, Mino G,
Gisbert J, Jurado A, Herrero MJ, et al: Association of Helicobacter pylori-
related distal gastric cancer with the HLA class Il gene DQB10602 and
cagA strains in a southern European population. Helicobacter 2005,
10(1):12-21.

Pellegrino S, Villanacci V, Sansotta N, Scarfi R, Bassotti G, Vieni G, Princiotta
A, Sferlazzas C, Magazzu G, Tuccari G: Redefining the intraepithelial
lymphocytes threshold to diagnose gluten sensitivity in patients with
architecturally normal duodenal histology. Aliment Pharmacol Ther 2011,
33(6):697-706.

Jarvinen TT, Kaukinen K, Laurila K, Kyronpalo S, Rasmussen M, Maki M,
Korhonen H, Reunala T, Collin P: Intraepithelial lymphocytes in celiac
disease. Am J Gastroenterol 2003, 98(6):1332-1337.

Serra S, Jani PA: An approach to duodenal biopsies. J Clin Pathol 2006,
59(11):1133-1150.

doi:10.1186/1471-230X-13-111

Cite this article as: Bednarska et al.: Intraepithelial lymphocyte
distribution differs between the bulb and the second part of
duodenum. BMC Gastroenterology 2013 13:111.

Page 5 of 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




	1471-230X-13-111-TitlePage
	1471-230X-13-111
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Esophago-duodenoscopy
	Histopathology
	Serum analyses
	HLA
	Statistical analysis
	Ethical considerations

	Results
	HP status
	Serology
	Histology
	HLA genotyping

	Discussion
	Conclusion
	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 0.1000
  /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


