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Pathology of Natural Infections by H5N1 Highly Pathogenic Avian
Influenza Virus in Mute (Cygnus olor) and Whooper

(Cygnus cygnus) Swans

J. P. TEIFKE, R. KLOPFLEISCH, A. GLOBIG, E. STARICK, B. HOFFMANN, P. U. WOLF, M. BEER,
T. C. METTENLEITER, AND T. C. HARDER

Friedrich-Loeffler-Institut (FLI), Federal Research Institute for Animal Health, Isle of Riems, Germany
(JPT, RK, AG, ES, BH, MB, TCM, TCH); and State Office for Agriculture, Food Safety, and Fishery,
Mecklenburg, Western-Pomerania, Department for Diagnostic Investigation of Epizootics (LALLF),

Rostock, Germany (PUW)

Abstract. Mortality in wild aquatic birds due to infection with highly pathogenic avian influenza
viruses (HPAIV) is a rare event. During the recent outbreak of highly pathogenic avian influenza in
Germany, mortality due to H5N1 HPAIV was observed among mute and whooper swans as part of
a rapid spread of this virus. In contrast to earlier reports, swans appeared to be highly susceptible and
represented the mainly affected species. We report gross and histopathology and distribution of
influenza virus antigen in mute and whooper swans that died after natural infection with H5N1 HPAIV.
At necropsy, the most reliable lesions were multifocal hemorrhagic necrosis in the pancreas, pulmonary
congestion and edema, and subepicardial hemorrhages. Major histologic lesions were acute pancreatic
necrosis, multifocal necrotizing hepatitis, and lymphoplasmacytic encephalitis with neuronal necrosis.
Adrenals displayed consistently scattered cortical and medullary necrosis. In spleen and Peyer’s patches,
mild lymphocyte necrosis was present. Immunohistochemical demonstration of HPAIV nucleoprotein in
pancreas, adrenals, liver, and brain was strongly consistent with histologic lesions. In the brain, a large
number of neurons and glial cells, especially Purkinje cells, showed immunostaining. Occasionally,
ependymal cells of the spinal cord were also positive. In the lungs, influenza virus antigen was identified
in a few endothelial cells but not within pneumocytes. The infection of the central nervous system
supports the view that the neurotropism of H5N1 HPAIV leads to nervous disturbances with loss of
orientation. More investigations are necessary to clarify the mechanisms of the final circulatory failure,
lung edema, and rapid death of the swans.
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Introduction

Epidemic outbreaks of highly pathogenic avian
influenza (HPAI) caused by viruses of the subtype
H5N1 of Asian lineage emerged since 2003 in several
countries of Southeast Asia. To contain the epidemic
in poultry, millions of birds were culled. Moreover,
224 confirmed cases of human H5N1 HPAI virus
(HPAIV) infections, with a total of 154 fatalities,
were reported to the World Health Organization
until 29 November 2006 (http://www.who.int/csr/
disease/avian_influenza). The majority of human
cases so far were traced to direct intense contact with
domestic poultry infected with HPAIV H5N1.
However, exposure risks in several recent cases
reported from Azerbaijan were associated with
contact (defeathering) with infected wild swans.
The occurrence of HPAIV H5N1 of Asian

lineage in wild birds in northeastern Germany on

14 February 2006 was part of a rapid trans-
continental spread of the virus across Asia in wild
and domestic birds that possibly commenced with
the mass mortality among bar-headed geese at
Lake Qinghai, China, in spring 2005. During late
winter and early spring 2006, HPAI was officially
reported to the OIE from numerous European
countries: Bulgaria, Greece, Italy, Slovenia, Aus-
tria, Germany, Bosnia-Herzegovina, France, Hun-
gary, Slovakia, Switzerland, Serbia-Montenegro,
Poland, Denmark, and Sweden (http://www.who.
int/csr/disease/avian_influenza/timeline.pdf ).

In Germany, increased mortality among mute
and whooper swans, as well as other wild aquatic
birds, has been observed since the beginning of
February 2006 along the northwestern shores of the
Island of Ruegen, which is part of a national park.
This area is characterized by open coastal land-
scape, shallows, and inlets of the Baltic Sea, which
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are a temporary home for thousands of migratory
and resident aquatic birds. Since its first detection
in February on the Island of Ruegen, HPAIV
H5N1 has been found by means of a H5N1-specific
real-time reverse transcriptase polymerase chain
reaction (RRT-PCR) in aquatic wild birds, such as
whooper (Cygnus cygnus) and mute swans (Cyg-
nus olor), Canada geese (Branta canadensis), and
tufted ducks (Aythya fuligula), and scavenging
species, such as seagulls (Larus marinus, L argen-
tatus), hawks (Accipiter gentilis), and common
buzzards (Buteo buteo). A total of 344 cases have
been identified throughout Germany, not only
from the Island of Ruegen but also scattered
focally to geographically widely separated regions
(covering 8 of 16 federal states).
Since its first appearance in Hong Kong in 1997,

H5N1 HPAIV infection of swans has been de-
scribed only rarely.2 Nevertheless, during the recent
outbreaks in Europe, swans appeared to be
primarily affected and were designated as an
indicator species of the presence of HPAIV H5N1
in wild birds.3,11

Here we report the results of postmortem
examinations and describe the distribution of
histologic lesions and viral antigen of HPAIV in
mute and whooper swans that were naturally

infected and succumbed to fowl plague during
the recent outbreak along the German Baltic Sea
coast.

Materials and Methods

Case material and sampling

Fourteen juvenile and adult mute and 6 adult
whooper swans that were in good postmortem condition
analyzed in this study were found dead at the Baltic Sea
coastal area in late February 2006. Tracheal swabs were
taken and analyzed for HPAIV H5N1 RNA by RRT-
PCR and nucleotide sequencing. Eighteen animals were
found positive and necropsied. The 2 HPAIV-negative
juvenile mute swans served as controls. A panel of tissue
samples (Table 1) was fixed for 48 hours in 4%
phosphate-buffered neutral formaldehyde and processed
for paraffin embedding.

RRT-PCR and DNA sequencing

RNA was isolated from tracheal swabs of all 20
swans of this investigation using the QIAamp Viral
RNA Mini Kit (Qiagen). Diagnosis and characteriza-
tion of H5N1 HPAIV by RRT-PCR followed a cascade
style recommended by the Diagnostic Manual issued by
the European Commission: 1) Generic influenza PCR:
Detection of an influenza A virus matrix (M) gene
fragment by duplex RRT-PCR, including an externally
added extraction and inhibition control10; 2) Specific
detection of subtypes H5 and/or H7: RRT duplex PCR

Table 1. Distribution of histological lesions and influenza virus antigen in mute and whooper swans after
natural infection with HPAIV A/swan/Germany/R65/06 (H5N1).

Organ HE Histopathology
IHC Positive/Analyzed

Organs IHC Positive Cell Types

Nasal cavity No lesions 0/18 No lesions
Trachea No lesions 1/18 Respiratory epithelium
Lung Congestion, edema 2/18 Vascular endothelium
Heart No lesions 3/18 Myocytes
Cerebellum Nonsuppurative encephalitis 17/18 Neurons, glial cells
Cerebrum Nonsuppurative encephalitis 18/18 Neurons, glial cells
Spinal cord Ependymal necrosis 6/18 Neurons, glial cells,

ependymal cells
Proventriculus No lesions 2/18 Epithelium
GIT No lesions 0/18 No lesions
Liver Hepatocellular necrosis 15/18 Hepatocytes
Pancreas Necrosis of pancreatic acini 18/18 Exocrine acinar cells
Cloaca No lesions 0/18 No lesions
BM No lesions 1/18 Not determined
Spleen Lymphoid necrosis 10/18 Mononuclear cells
Peyer’s patches Lymphoid necrosis 5/18 Mononuclear cells
Adrenal Medullary and cortical necrosis 11/18 Medullary and cortical

cells
Thyroidea No lesions 3/18 Follicular epithelium
Skin No lesions 0/18 No lesions
Gonads No lesions 3/18 Stromal cells
Kidney No lesions 4/18 Tubular epithelium
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Fig. 1a. Pancreas; whooper swans. Multifocal to coalescent necrosis and hemorrhage. Fig. 1b. Heart; lung;
mute swan. Subepicardial petechiation and severe lung edema.

Fig. 2a. Cerebellum; mute swan. Paucity of Purkinje cells and mild neuropil edema. HE. Bar 5 70mm. Fig. 2b.
Cerebellum; mute swan. Immunohistochemical staining for AIV nucleoprotein in Purkinje cells and numerous
neurons of the granular layer. ABC method with hematoxylin counterstain. Bar 5 70mm. Fig. 2c. Cerebrum; mute
swan. Loss of neurons with moderate gliosis and perivascular cuffing of cerebral vessels. HE. Bar 5 70 mm. Fig. 2d.
Cerebrum; mute swan. Intranuclear and intracytoplasmic staining for AIV nucleoprotein in cortical neurons. ABC
method with hematoxylin counterstain. Bar 5 70mm.
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Fig. 3a. Liver; mute swan. Foci of hepatic necrosis with loss of cellular detail, cytoplasmic hypereosinophilia and replacement of hepatic cords by cellular
debris. HE. Bar 5 70mm. Fig. 3b. Liver; mute swan. Area of necrosis surrounded by hepatocytes with intranuclear and intracytoplasmic staining for AIV
nucleoprotein. ABC method with hematoxylin counterstain. Bar 5 70mm. Fig. 3c. Pancreas; whooper swan. Sharply demarcated area of necrosis within the exocrine
pancreas. HE. Bar 5 70 mm. Fig. 3d. Pancreas; whooper swan. Area of necrosis rimmed by pancreatic acinar cells with strong intranuclear and intracytoplasmic
staining for AIV nucleoprotein. ABC method with hematoxylin counterstain. Bar 5 70mm. Fig. 3e. Adrenal gland; mute swan. Necrosis of adrenocortical and
medullary cells. HE. Bar 5 70 mm. Fig. 3f. Adrenal gland; mute swan. Immunohistochemical staining of necrotic adrenal epithelial cells. ABC method with
hematoxylin counterstain. Bar 5 70mm.

Fig. 4a. Peyer’s patch; mute swan. Focal necrosis of mononuclear cells associated with detection of AIV nucleoprotein. ABC method with hematoxylin
counterstain. Bar 5 100mm. Fig. 4b. Spleen; mute swan. Scattered mononuclear cells with intranuclear and intracytoplasmic staining for AIV antigen. ABC method
with hematoxylin counterstain. Bar 5 50 mm.
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for the detection of subtypes H5 and N1 and exclusion
of subtype H7 by uniplex RRT-PCR6,10; 3) Molecular
pathotyping of H5/H7 subtypes: Confirmation of the
highly pathogenic type by nucleotide sequence analysis
of an HA gene fragment encoding the endoproteolytical
HA cleavage site. In addition, aiming at further
characterization, the full-length HA and matrix genes
were sequenced.

Histopathology and immunohistochemistry

Paraffin-wax sections (3 mm) were dewaxed and
stained with HE. For immunohistochemistry, sections
were mounted on charged SuperFrostH Plus microscope
slides (Menzel, Braunschweig, Germany), dewaxed, and
rehydrated. To detect influenza virus antigen, sections
were incubated with a rabbit antinucleoprotein serum in
a dilution of 1:500 in Tris-buffered saline (TBS, 0.1 M
Tris-base, 0.9% NaCl, pH 7.6).5 A biotinylated goat
anti-rabbit IgG1 (Vector, Burlingame, CA; diluted 1:200
in TBS) was used as linker-antibody for the avidin-
biotin-complex (ABC) method. As negative controls, the
preimmunization serum of the same rabbit was applied.
A bright red signal was produced with an immunoper-
oxidase kit (Vectastain Elite ABC Kit, Vector) and the
substrate 3-amino-9-ethylcarbazole (DAKO AEC sub-
strate-chromogen system; Dako, Carpinteria, CA,
USA). The sections were counterstained with Mayer’s
hematoxylin and sealed with aqueous medium (Aqua-
tex; Merck, Darmstadt, Germany). Positive and nega-
tive control tissues of chicken, infected experimentally
with H5N1 HPAIV, were included for each immuno-
histochemistry procedure.

Results

RRT-PCR and DNA sequencing

M-PCR and H5N1-specific RRT-PCRs with
tracheal swabs and brain and lung samples from
12 mute and 6 whooper swans were positive. Partial
nucleotide sequencing of the HA gene confirmed
the presence of HPAIV in all animals by a typical
deduced amino acid sequence (PQGERRRKKR*
GLF).

Gross pathology

In general, juvenile mute swans were in bad
constitution, emaciated with severe muscle atro-
phy, and often dehydrated, whereas adult mute and
whooper swans presented as well-nourished with
sufficient body fat reserves. Conspicuously, most
adult swans showed no external gross lesions. A
small number of juvenile mute swans had sub-
cutaneous edema of the head with swelling of the
periorbital region. Few animals had diarrhea and
showed green discolored feathers around the
cloaca. At necropsy, the most consistent and
predominant lesions in both the mute and the
whooper swans were multifocal, sharply demarcat-

ed, and partly coalescent hemorrhage with necrosis
in the pancreas (Fig. 1a). Characteristic but not
present in all infected animals was a severe
congestion of the lungs with pronounced alveolar
and bronchiolar edema (Fig. 1b). Subepicardial
and scattered intramyocardial hemorrhages or
petechiation in adipose tissue were additional but
rather inconsistent findings (Fig. 1b). In many
cases, liver and spleen were moderately enlarged
and congested.

Histopathology

Major histologic lesions and the incidence of
viral antigen detection in the analyzed tissue
samples are indicated in Table 1. The predominant
lesions were found in the brain, pancreas, and liver.
Almost all animals displayed multifocal and severe
lymphoplasmacytic encephalitis in the cerebrum
and severe necrosis and loss of Purkinje cells in
the cerebellum (Fig. 2a). Within the neuropil
there was vacuolation of the white and gray
matter (edema), especially around Virchow-Robins
spaces, which were expanded by marked cuffs
composed of lymphocytes, histiocytes, and plasma
cells (Fig. 2c). Randomly distributed foci of neu-
ronal necrosis and neuronophagia with increased
numbers of partly swollen glial cells were scattered
throughout the neuropil. Focal hyperemia and
hemorrhage were present inconsistently in the gray
matter. Rarely, spinal cord ependymal cells were
hypereosinophilic, necrotic, and sloughed. The liver
showed randomly distributed and partly coalescent
coagulative necrosis surrounded by various num-
bers of heterophils and lymphocytes (Fig. 3a). In
the pancreas multifocal necrosis of the acini was
present constantly (Fig. 3c). The inflammatory
reaction was only mild and preferentially confined
to the necrotic exocrine pancreatic acini but not
affecting the islets of Langerhans. Adrenals dis-
played multifocal, well-circumscribed areas of
cortical and medullary cell necrosis that were
infiltrated by few heterophils (Fig. 3e). Sections of
the spleen and Peyer’s patches showed multifocal,
mild lymphocyte necrosis with replacement by
cellular debris and fibrin (Fig. 4a, b). In the lungs
there was marked congestion, edema, and hemor-
rhage with slight endothelial cell swelling. Scattered
throughout the myocardium was mild hemorrhage.
Nasal mucosa, trachea, gastrointestinal tract,
cloaca, bone marrow, kidneys, gonads, thyroids,
and skin had no lesions.

Immunohistochemistry

Immunohistochemical demonstration of influen-
za virus antigen in pancreas, adrenals, liver, and
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brain was strongly consistent with histologic lesions
(Table 1). In the cerebrum a large number of viable
and degenerating neurons and glial cells showed
strong intranuclear and intracytoplasmic staining
for NP antigen. Purkinje cells and cells of the
granular layer of the cerebellum also reacted
positively for viral antigen (Fig. 2b, d). Further-
more, ependymal cells lining the central canal of the
spinal cord were strongly positive but only in a few
animals. Areas of coagulative necrosis in the liver,
pancreas, and adrenals were surrounded by rims of
numerous antigen-positive cells (Fig. 3b, d, f).
Within spleen, bone marrow, and Peyer’s patches,
few mononuclear cells, arteriolar endothelium, and
rare lymphocytes were infected (Fig. 4a, b). In the
lungs, NP antigen could be identified in a few
capillary and arteriolar endothelial cells. Individual
animals displayed antigen-positive cells in the heart
(cardiomyocytes), kidney (tubular epithelium), pro-
ventriculus (mucosa), thyroid (follicular epithelium),
and trachea (mucosal epithelium).

Discussion

High mortality in wild aquatic birds due to
infection with HPAIV has been a rare event and
was restricted to only a few individual birds
adjacent to holdings where poultry infected with
HPAIV was kept.1,2 Swans, belonging to the order
Anseriformes, are assumed to play a role like ducks
and geese as a natural, asymptomatically infected
reservoir for influenza viruses and had, so far, not
been afflicted by HPAIV.4,8 However, during the
recent outbreaks in different regions of Europe,
swans were the most affected species.11 So far, there
are only very limited data on influenza virus
pathology in this species in the literature.
During the recent outbreak in Germany, the

most reliable gross lesions were multifocal pancre-
atic necrosis and hemorrhage and lung edema.
Severe additional histologic changes were noted
consistently in the brain and liver and were in close
relation with the results of virologic investigation.
These lesions were peracute and, except for the
central nervous system, associated with mild in-
flammatory reactions. Due to the massive infection
of cerebrum, cerebellum, and brainstem, a pro-
nounced neurotropism of H5N1 HPAIV may have
led to nervous disturbances with loss of orientation
and final bulbar paralysis. However, the circulatory
failure, lung edema, and rapid death of these
animals might also have been caused by an intense
cytokine storm as result of systemic infection.
In contrast to chicken and other gallinaceous

species, passerine birds, and budgerigars, we were
not able to detect influenza virus antigen within

pneumocytes.5,7,9 Few endothelial cells of the lung
showed immunoreactivity for NP. The fact that
virological investigations by means of quantitative
RRT-PCR of the lungs revealed a high viral load in
this tissue can be explained by the severe pulmonary
congestion during the viremic spread of HPAIV.

The distribution and character of lesions in the
juvenile and adult mute and whooper swans
suggest an acute course of disease. The lethal
outcome is attributed to the systemic viral in-
fection. No concurrent diseases have been identi-
fied in the animals. Nevertheless, it is clear that not
all swans found dead during February on the
Island of Ruegen were victims of the virus
infections. Many of them, especially emaciated
juveniles, simply starved to death, which is not
unusual at this time of the year. When the first
positive swans were found on the Island of Ruegen,
arctic cold spells had led to a situation in which
large parts of the shallows and inlets were frozen
and the land was covered with snow. In places
where strong tidal currents hampered the forma-
tion of sea ice, large concentrations of water birds
of different species (swans, geese, and diving ducks)
were observed. However, significant mortality
attributable to HPAIV infection has only been
noticed in swans and Canada geese in this area. A
bias in this observation can not be excluded
because carcasses of swans and larger goose species
are more likely to float and be recognized
compared with smaller diving ducks. In fact,
a substantial number of duck carcasses were found
on ice further off the shores. However, these
carcasses were impossible to retrieve for analysis.
Still, there seems to be a predisposition of swans to
a fulminant course of HPAIV H5N12associated
disease. This would render these species an in-
teresting indicator animal suitable in early warning
systems signaling the presence of HPAIV H5N1 of
Asian lineage in wildlife. Yet many questions
concerning the pathogenesis remain and should
be addressed in experimental infection studies
before recommending mute swans as indicators.

Acknowledgements

We are grateful for the excellent technical assistance
provided by G. Czerwinski and C. Illing. This work is
dedicated to Dr. Ortrud Werner, an outstanding
veterinary virologist and committed diagnostician in
the field of aviary diseases.

References

1 Becker WB: The isolation and classification of Tern
virus: influenza A-Tern South Africa–1961. J Hyg
64:309–320, 1966

142 Teifke, Klopfleisch, Globig, Starick, Hoffman, Wolf, Beer, Mettenleiter, and Harder Vet Pathol 44:2, 2007

 at FRIEDRICH-LOEFFLER-INSTITUT on February 17, 2010vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


2 Ellis TM, Bousfield RB, Bissett LA, Dyrting KC,
Luk GS, Tsim ST, Sturm-Ramirez K, Webster RG,
Guan Y, Malik Peiris JS: Investigation of outbreaks
of highly pathogenic H5N1 avian influenza in
waterfowl and wild birds in Hong Kong in late
2002. Avian Pathol 33:492–505, 2004

3 Harder T. www.promedmail.org, archive number:
20060219.0541, 2006

4 Hinshaw VS, Nettles VF, Schorr LF, Wood JM,
Webster RG: Influenza virus surveillance in water-
fowl in Pennsylvania after the H5N2 avian outbreak.
Avian Dis 30:207–212, 1986

5 Klopfleisch R, Werner O, Mundt E, Harder T,
Teifke JP: Neurotropism of highly pathogenic avian
influenza virus A/chicken/Indonesia/2003 (H5N1) in
experimentally infected pigeons (Columbia livia f.
domestica). Vet Pathol 43:463–470, 2006

6 Payungporn S, Chutinimitkul S, Chaisingh A,
Damrongwantanapokin S, Buranathai C, Amonsin
A, Theamboonlers A, Poovorawan Y: Single step
multiplex real-time RT-PCR for H5N1 influenza A
virus detection. J Virol Methods 131:143–147, 2006

7 Perkins LE, Swayne DE: Pathobiology of A/chicken/
Hong Kong/220/97 (H5N1) avian influenza virus in
seven gallinaceous species. Vet Pathol 38:149–164,
2001

8 Perkins LE, Swayne DE: Pathogenicity of a Hong
Kong-origin H5N1 highly pathogenic avian influen-
za virus for emus, geese, ducks, and pigeons. Avian
Dis 46:53–63, 2002

9 Perkins LE, Swayne DE: Varied pathogenicity of
a Hong Kong-origin H5N1 avian influenza virus in
four passerine species and budgerigars. Vet Pathol
40:14–24, 2003

10 Spackman E, Senne DA, Myers TJ, Bulaga LL,
Garber LP, Perdue ML, Lohman K, Daum LT,
Suarez DL: Development of a real-time reverse
transcriptase PCR assay for type A influenza virus
and the avian H5 and H7 hemagglutinin subtypes.
J Clin Microbiol 40:3256–3260, 2002

11 Terregino C, Dilani A, Capua I, Marino AM,
Cavaliere N: Highly pathogenic avian influenza
H5N1 subtype in mute swans in Italy. Vet Rec
158:491, 2006

Request reprints from Dr. Jens P. Teifke, Federal Research Institute for Animal Health, Boddenblick 5A, 17493
Greifswald-Insel Riems (Germany). E-mail: Jens.Teifke@fli.bund.de.

Vet Pathol 44:2, 2007 Pathology of Natural Infections 143

 at FRIEDRICH-LOEFFLER-INSTITUT on February 17, 2010vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /CMYK
  /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 true
  /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 /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Average
  /MonoImageResolution 300
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


