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Classical swine fever (CSF), previously known as hog cholera, remains one of the
most important swine-related contagious diseases worldwide. In order to
eradicate classical swine fever virus (CSFV), it is commonly used in LOM-850 strain
as a live attenuated CSF vaccine. However, there are symptoms of vaccination,
such as the depression of feed intake, and difficulty of differentiation between
infected and vaccinated hosts is impossible based on the antibodies induced.
Nicotiana benthamiana were considered as an alternative to the production of
recombinant vaccines on account of higher yields and levels of soluble protein
than other models and crops in protein recombinant products. This study was
conducted to evaluate histopathological validation of the plant-produced E2
fusion protein (ppE2) in piglets. The piglets were challenged by an injection of
YC11WB strain in 7 days, 11 days and 14 days after one shot of the vaccination.
The histopathological examination indicated that ppE2 can protect against lethal
CSFV challenge at least 11 days of vaccination in piglets. These data suggest that
the ppE2 can be an effective vaccine against CSFV in piglets.

Key Words: Nicotiana benthamiana, Plant-derived vaccine, Classical swine fever
virus, Histopathological change

INTRODUCTION

Classical swine fever (CSF), on the list of diseases notifiable to the World
Organisation for Animal Health (OIE), is one of the most serious contagious viral
diseases of pigs, with the potential to cause enormous economic losses in the pig
industry worldwide. A typical clinical sign of acute CSF is high fever > 41 °Q),
conjunctivitis, anorexia, ataxia, and purple discoloration of the skin, notably at the
ears, lower abdomen, and extremities (1-3). Highly virulent virus strains cause an
acute form of the disease with high morbidity and mortality in pigs (particularly in
young animals). The causative agent of the disease, CSF virus (CSFV), is a
small-enveloped, positive-sense single-stranded RNA virus that belongs to the
genus Pestivirus in the Flaviviridae family. The 12.3 kb CSFV genome encodes a
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polyprotein of 3,898 amino acids (4). A single long open reading frame (ORF) encodes four structural (core, Erns, E1, and E2)
and eight non-structural proteins (Npro, p7, and NS2-NS5B) (5). The E2 protein is the most immunogenic structural
glycoprotein of CSFV, inducing neutralizing antibodies that provide protection against lethal CSFV challenge (6).

Two main strategies for controlling CSF, depending on the epidemiological conditions of the affected geographical area, are
systemic prophylactic vaccination with a live attenuated vaccine and a non-vaccination stamping-out policy (7). Routine
vaccination is the most widely used method for controlling CSF in endemically infected countries (including Asia, Eastern
Europe, the Americas, and some African nations). Several types of efficacious live attenuated CSF vaccines have been
developed over recent decades. Currently, modified live vaccines (MLVs), mainly containing Chinese (C) strain (8),
low-temperature-adapted Japanese guinea pig exaltation-negative (GPE-) strain (9), or the French cell culture-adapted
Thiverval strain (10) and its derivatives, are being used worldwide. These vaccines are inexpensive and can induce complete
protection against virulent CSFV.

In South Korea, the LOM-850 strain has been the MLV strain to eradicate CSFV since 1974. Previous study reported that CSF
outbreaks happening in naive swine herds on Jeju Island, South Korea, after the vaccination of the LOM-850 strain (11). In
addition, eradication of CSF based on the MLV vaccination alone difficult because differentiation between infected and
vaccinated hosts is impossible based on the antibodies induced. Therefore, marker subunit vaccine based on expressed E2
protein has been developed (12-14).

Meanwhile, transgenic plants are one of the most cost effective and safe systems for large scale production of proteins
without pathogenic animal contaminants (15-17). Clinical trials and approval of plant-based vaccine products demonstrated
that the use of transgenic plants is becoming a useful tool to control diseases (18, 19). Tobacco (Nicotiana bentamiana) has
become the primary vehicle for proof of concept work in recombinant protein production (20). It is a promising alternative
expression system for production of recombinant subunit vaccines due to its high biomass yield and high soluble protein
levels compared with many other model and crop species (21).

Our previous report showed that plant-produced E2 fusion protein was expressed at a high level, and determined an
immunogenicity (22). This study was conducted to evaluating histopathological data of ppE2 vaccine against CSFV, which is
one of the most economically and industrially important in pig industry.

MATERIALS AND METHODS
Experimental design

Challenge with YC11WB (10%° TCIDso/ml), a virulent CSFV strain was performed through intramuscular routes. Vaccination
of experimental groups was performed only one time. The piglets were randomly divided into six, five groups of four animals
each with 100 ug of ppE2 combined with adjuvant IMS1313 or LOM-850 strain vaccine as a positive control (Table 1). Four
unvaccinated piglets were used as a positive control group. Group | and group |l piglets were challenged at days 7 post
vaccination. Group Il and Ill piglets were challenged at days 11 post vaccination (plant-derived green marker vaccine
candidate, 100 ug/dose). Group IV piglets were challenged at days 14 post vaccination. Group IV piglets were challenged at
days 14 post vaccination (LOM-850 strain vaccine) (22). Histopathological scores applied for each lesion were graded as (-)
no lesion, (+) mild, (++) moderate, or (+++) severe. All animal experiment was performed in the Animal and Plant
Quarantine Agency Animal Care and Use Committee (QIA-ACUC) with permit number 2017-369.
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Table 1. Experimental design of animal study

Group Animal size _ Invoculu_ms Challenge _
(n) (Vaccination, single dose) (YC11WSB strain)
I 4 YC11WB strain (10° TCIDso/mL) -
I 4 Plant-derived E2 subunit vaccine (100 pg/dose) 7 dpv*
Il 4 Plant-derived E2 subunit vaccine (100 pg/dose) 11 dpv
v 4 Plant-derived E2 subunit vaccine (100 pg/dose) 14 dpv
V 4 LOM-850 strain vaccine 14 dpv
Total 20

“dpv; days post vaccination
Histopathological findings

All experimental piglets were sacrificed through the intramuscular inoculation of 10% succinylcholine. The pathologically
important organs (tonsil, lung, heart, liver, spleen, kidney, inguinal lymph nodes, mesenteric lymph node, ileum, and cecum)
for the diagnosis of CSF were aseptically collected from the sacrificed piglets. The collected organs were fixed in 10% neutral
buffered formalin for 24 hr at room temperature. The organs were fixed in paraffin-embedded histological cassettes. The
paraffin-embedded organ blocks were cut into 5-um sections and then were stained with hematoxylin and eosin (H&E). To
detect histopathological characteristics, such as inflammation, bleeding, and tissue damage, all tissue sections were observed
by light microscopic examination.

RESULTS
Histopathological examination of tissues

Microscopic lesions were observed in the examined organs (tonsil, lung, heart, liver, spleen, kidney, inguinal lymph nodes,
mesenteric lymph nodes, ileum, and cecum) of piglets in all the experimental groups (Fig. 1). Histopathological studies
revealed that piglets in the unvaccinated group (group 1) displayed lesions after challenge such as moderate hemorrhage in
the tonsil and heart, severe hemorrhage in the spleen, liver, lung, kidney, and mesenteric lymph node, loss of germinal center
in the tonsil, spleen, and inguinal lymph node, inflammation in the tonsil, heart, lung, and kidney, lymph node enlargement
in the inguinal and mesenteric nodes, and depletion of the follicles in the mesenteric lymph node. The scores for the
histopathological examination in each group are shown in Table 2.

The histopathological examination of the tonsil showed congestion of the blood vessels, multifocal hemorrhages,
lymphoid necrosis with ectatic crypts, and accumulation of cellular debris in groups | and Il. Mild hemorrhages were
observed in group Il Tonsils in group 1l especially showed congestion of the blood vessels along with focal to diffuse areas
of hemorrhage. The spleen in groups | and Il showed extensive hemorrhages in red pulp with depletion and loss of
germinal centers. In contrast, mild depletion and atrophy of the lymph follicles were observed in groups IV and V.

Furthermore, the heart revealed congestion of the capillaries in groups I, I, and I, Histopathological changes in the liver
were characterized by congestion of the central veins, loss of hepatic lobules, and connective tissue proliferation, especially in
groups | and IlI. Severe alveolar hemorrhages were noticed in groups I, Il, and Ill. The inter-alveolar septa were

especially thickened with infiltration by mononuclear cells and congestion of the alveolar capillaries was observed. The lung
section displayed extensive hemorrhages in the alveoli and interstitium, and diffuse severe infiltration of mononuclear cells in
the alveoli, bronchi, and bronchiolar lumen in almost all the experimental groups, except group V. In groups I, I, and I,
the kidneys showed congestion of the blood vessels and severe multifocal interstitial nephritis characterized by infiltration of
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mononuclear cells in the interstitial spaces. In particular, focal areas of glomerulonephritis were observed, characterized by
swelling of the glomerular tuft expanding with cellular infiltration. The inguinal and mesenteric lymph nodes showed a
depletion/atrophy of the lymphoid follicles and congestion of the blood vessels along with focal to diffuse areas of
hemorrhage in groups | and Il. Notably, necrotic cellular debris and severe hemorrhages were observed in groups |l and
III. In the ileum, depletion of lymphocytes and infiltration of eosinophils in the lymphoid follicles and submucosal layer were
observed in groups | and II. Development of blood vessels were observed in the cecum of all the examination groups.

Tnguinal Mesenteric
Spleen Kidney Iymph node Iymph node Tlium Cecum

o ’ l | -

Group 11

Group ITI

Group LV

Group V

Figure 1. Histopathologic examination of classical swine fever virus-infected piglets, based on H&E stained tonsil section
(x40). Congestion of the blood vessels (red arrow) and accumulation of cellular debris including neutrophil and lymphocytes
(black arrow) were observed in the tonsil. Diffuse hemorrhages (black arrow) in the red pulp and depletion of the lymph
follicles were observed in the spleen. Congestion of capillary (black arrow) was observed in the heart. Congestion of central
vein (red arrow) and necrosis with lymphocytic infiltration in periportal areas (black arrow) were observed in the liver.
Extensive hemorrhages in alveoli and interstitium, diffuse severe infiltration of mononuclear cells in alveoli, bronchi, and
bronchiolar lumen were observed in the lung (black arrow). Congestion of the blood vessels (black arrow) and interstitial
nephritis characterized by infiltration of mononuclear cells in the interstitial spaces were observed in the kidney. Hemorrhage
was observed in the inguinal lymph node (black arrow). Hemorrhage was observed in the mesenteric lymph node (black
arrow). Depletion of lymphocytes (black arrow) and infiltration of eosinophils in the lymphoid follicles and submucosal layer
(red arrow) were observed in the ileum. Development of blood vessel was observed in the cecum (black arrow). Control
group | ; unvaccinated group, experimental group |l (challenge at 7 days post vaccination); vaccinated with
plant-produced E2 fusion protein, experimental group Il (challenge at 11 days post vaccination); vaccinated with
plant-produced E2 fusion protein, experimental group IV (challenge at 14 days post vaccination); vaccinated with
plant-produced E2 fusion protein, experimental group V (challenge at 14 days post vaccination); vaccinated with LOM
strain vaccine.

Table 2. Histopathological lesion scores of the plant-produced E2 fusion protein vaccinated piglets after challenge of a

virulent classical swine fever virus

Histopathologic examination I Il I \Y% V
Hemorrhage ++ + ¥ B B
Tonsil Inflammation ++ ++ - B )
Loss of germinal center - + - . "
Hemorrhage i i + N i
Spleen .
Loss of germinal center . + - B B}
Hemorrhage ++ + + - -
Heart ]
Inflammation + - - - 3
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Histopathologic examination I Il Il v \Y,
Loss of hepatic lobule S + - _ _
Liver Hemorrhage 4+ i+ . B B
Connective tissue proliferation + ++ - - +
Hemorrhage o+ - + _ R
Lung _
Inflammation - - - B B
) Inflammation ++ + + . "
Kidney
Hemorrhage - - - - -
Hemorrhage - ++ o+ B B
Inguinal lymph node  Loss of germinal center . + ¥ - +
Lymph node enlargement 4+ ++ - B }
Hemorrhage +Ht ++ - - -
M icl h . .

esenteric lymp Depletion of the follicles et ++ - - +

node
Lymph node enlargement et + , B B
| Depletion of the lymphocytes ++ + - . "

llium
Infiltration of eosinophils + + + - -
Development of blood vessel + ++ + - B

Cecum ) )

Thickening of muscular layer 4+ -+ ¥ B B

Scores applied for each lesion are -, no lesion; +, mild; ++, moderate; +++, severe, control group | ; unvaccinated group,
experimental group Il (challenge at 7 days post vaccination); vaccinated with plant-produced E2 fusion protein,
experimental group Il (challenge at 11 days post vaccination); vaccinated with plant-produced E2 fusion protein,
experimental group IV (challenge at 14 days post vaccination); vaccinated with plant-produced E2 fusion protein,
experimental group V (challenge at 14 days post vaccination); vaccinated with LOM-850 strain vaccine

DISCUSSION

General clinical symptoms of CSFV-infected pigs vary for several reasons, including the age and lineage of the pigs and the
differences in the immunogenicity and pathogenicity of the infecting viruses. Symptoms are affected by the condition of the
pigs even when the same virus is being inoculated (23). If a CSFV-infected pig recovers, long-term defense is possible; if the
pig does not recover, it usually dies as a consequence of the inhibition of its immune function (24). Most CSFV-infected pigs
12 weeks or younger develop an acute form of CSF, the symptoms of which tend to weaken over time as the immune
response develops (23).

After widespread vaccination under the national eradication policy of South Korea, the virulence of CSFV began to subside.
This pattern was also observed in the United States. Before 1950, most CSFV strains had been highly virulent; but after the
eradication policy was implemented, less virulent strains appeared (25).

In South Korea, the genotypes of group 2 strains isolated since 2002 were found to be 92% to 100% identical to the viruses
circulating in China (26). In addition, when the CSF symptoms that appeared after 2002 were compared with those that
appeared before 2000, a decrease in atrophy and constipation and an increase in conjunctivitis were observed. The gross
findings showed a marked decrease in epiretinal membrane, infarction, and laryngeal flare (27). Swine fever caused by
inoculating viruses that were isolated in Europe after 1990 was found to be difficult to diagnose solely on the basis of clinical
symptoms appearing within two weeks (28).
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In South Korea, a mandatory vaccination policy has been imposed since the short-term nationwide outbreak of CSF early in
2003. This outbreak was caused by the sale of pigs infected with swine fever that had been raised in a few pig-breeding
farms in the affected areas. Since then, CSF outbreaks have occurred regularly according to 2017 disease statistics and
livestock epidemic statistics by Animal and Plant Quarantine Agency: two outbreaks in 2006, five in 2007, seven in 2008, two
in 2009, one in 2013, and two in 2016.

In recent years, in order to avoid the side effects that may occur in vaccinated piglets because the period of vaccination for
swine fever overlaps with the period during which chronic wasting diseases like porcine reproductive and respiratory
syndrome (PRRS) and postweaning multisystemic wasting syndrome (PMWS) are likely to develop, this vaccination has been
either avoided or deferred until piglets reaches seven to nine weeks old. Given the fact that the incidence of swine fever is
lower than that of wasting diseases such as PRRS and PMWS, in the present study a single vaccination test was conducted
with 90-day-old piglets.

The histopathologic changes in the organs of CSFV-infected pigs include hemorrhage of the spleen and loss of lymph follicle;
pulmonary hemorrhage and purulent exudation; enlargement of the capillary blood vessels; eosinophil infiltration; and
thickening of the myenteric and serosal layers of the colon (29). Reduction in lymphocytes in the tonsil and the lymph nodes
and hemorrhage in the kidney have also been reported as critical pathologic symptoms of CSF (30). Histopathologic findings
have indicated that pigs infected with a highly virulent strain begin to die on the seventh day after inoculation, exhibiting the
main symptoms of vasculitis and necrosis of B lymphocytes (31). Consistent with these findings, piglets in the negative
control group of the present study also began to die on the seventh day while exhibiting similar symptoms, including necrosis
of lymphocytes in the lung. When the pathologic findings of ten organs were compared, group |l was also found to exhibit
the symptoms reported in earlier studies, including hemorrhage in the tonsil and the kidney.

In this study, the most common pathological detections in the PPE2-treated groups (groups I, lll, and V), especially group
I, were mild to moderate hemorrhage, inflammation, and loss of germinal center. These data showed that the
histopathological observations seen in the piglets in the virulent CSFV challenge after 7 days of one-shot vaccination were
more severe than those in the virulent CSFV challenge after 11 or 14 days of one-shot vaccination and 14 days of LOM-850
strain vaccine.

Collectively, it was found that after the single vaccination test with the ppE2, sufficient protection against the wild-type strain
was possible after neutralizing antibodies began to form. On the 14th day after the vaccination, full protection against the
wild-type strain was possible. The results indicate that although two vaccinations are required for the formation of sufficient
defense ability, a single vaccination can also provide satisfactory protection at least 11 days after the inoculation for the
purpose of emergency protection.

Acknowledgments

This work was supported by Technology Commercialization Support Program, funded by Ministry of Agriculture, Food and
Rural Affairs (MAFRA) (Grant No. 2015300022).

138 Copyright © 2019 Journal of Bacteriology and Virology



Histopathological validation of swine fever virus vaccination S-Y Kim, et al.

REFERENCES

1) Laevens H, Koenen F, Deluyker H, de Kruif A. Experimental infection of slaughter pigs with classical swine fever virus:
transmission of the virus, course of the disease and antibody response. Vet Rec 1999;145:243-8.

2) Fritzemeier J, Teuffert J, Greiser-Wilke |, Staubach C, Schliiter H, Moennig V. Epidemiology of classical swine fever in
Germany in the 1990s. Vet Microbiol 2000;77:29-41.

3) Moennig V, Floegel-Niesmann G, Greiser-Wilke I. Clinical signs and epidemiology of classical swine fever: a review of
new knowledge. Vet J 2003;165:11-20.

4) Rimenapf T, Unger G, Strauss JH, Thiel HJ. Processing of the envelope glycoproteins of pestiviruses. J Virol
1993,67:3288-94.

5) Meyers G, Thiel HJ. Molecular characterization of pestiviruses. Adv Virus Res 1996;47:53-118.

6) Madera R, Gong W, Wang L, Burakova Y, Lleellish K, Galliher-Beckley A, et al. Pigs immunized with a novel E2 subunit
vaccine are protected from subgenotype heterologous classical swine fever virus challenge. BMC Vet Res 2016;12:197.

7) Huang YL, Deng MC, Wang FI, Huang CC, Chang CY. The challenges of classical swine fever control: modified live and
E2 subunit vaccines. Virus Res 2014;179:1-11.

8) Pauly T, Elbers K, Kénig M, Lengsfeld T, Saalmiiller A, Thiel HJ. Classical swine fever virus-specific cytotoxic T lymphocytes
and identification of a T cell epitope. J Gen Virol 1995;76:3039-49.

9) Sasahara J, Kumagai T, Shimizu Y, Furuuchi S. Field experiments of hog cholera live vaccine prepared in guinea-pig
kidney cell culture. Natl Inst Anim Health Q (Tokyo) 1969;9:83-91.

10) Aynaud JM, Lejolly JC, Bibard C, Galicher C. [Studies of the properties of cold induced classical swine fever virus mutants.
Application to vaccination]. Bull Off Int Epizoot 1971,75:654-9.

11) Je SH, Kwon T, Yoo SJ, Lee DU, Lee S, Richt JA, et al. Classical Swine Fever Outbreak after Modified Live LOM Strain
Vaccination in Naive Pigs, South Korea. Emerg Infect Dis 2018;24:798-800.

12) Hulst MM, Westra DF, Wensvoort G, Moormann RJ. Glycoprotein E1 of hog cholera virus expressed in insect cells
protects swine from hog cholera. J Virol 1993;67:5435-42.

13) Moormann RJ, Bouma A, Kramps JA, Terpstra C, De Smit HJ. Development of a classical swine fever subunit marker
vaccine and companion diagnostic test. Vet Microbiol 2000;73:209-19.

14) van Rijn PA, Bossers A, Wensvoort G, Moormann RJ. Classical swine fever virus (CSFV) envelope glycoprotein E2
containing one structural antigenic unit protects pigs from lethal CSFV challenge. J Gen Virol 1996;77:2737-45.

15) Aboul-Ata AA, Vitti A, Nuzzaci M, El-Attar AK, Piazzolla G, Tortorella C, et al. Plant-based vaccines: novel and low-cost
possible route for Mediterranean innovative vaccination strategies. Adv Virus Res 2014,89:1-37.

16) Lai H, Chen Q. Bioprocessing of plant-derived virus-like particles of Norwalk virus capsid protein under current Good
Manufacture Practice regulations. Plant Cell Rep 2012;31:573-84.

www.ksmkorea.org / www.ksov.org 139



B s ; Journal of
Bacteriology and Virology VOL 49. NO 3. September 2019

17) Guan ZJ, Guo B, Huo YL, Guan ZP, Dai JK, Wei YH. Recent advances and safety issues of transgenic plant-derived
vaccines. Appl Microbiol Biotechnol 2013;97:2817-40.

18) Lau OS, Sun SSM. Plant seeds as bioreactors for recombinant protein production. Biotechnol Adv 2009;27:1015-22.

19) Kumar GB, Ganapathi TR, Bapat VA. Production of hepatitis B surface antigen in recombinant plant systems: an update.
Biotechnol Prog 2007;23:532-9.

20) Kumar GB, Srinivas L, Ganapathi TR, Bapat VA. Hepatitis B surface antigen expression in transgenic tobacco (Nicotiana
tabacum) plants using four different expression cassettes. Plant Cell Tissue Organ Cult 2006;84:315-23.

21) Conley AJ, Zhu H, Le LC, Jevnikar AM, Lee BH, Brandle JE, et al. Recombinant protein production in a variety of
Nicotiana hosts: a comparative analysis. Plant Biotechnol J 2011;9:434-44.

22) Park Y, An DJ, Choe S, Lee Y, Park M, Park S, et al. Development of Recombinant Protein-Based Vaccine Against
Classical Swine Fever Virus in Pigs Using Transgenic Nicotiana benthamiana. Front Plant Sci 2019;10:624.

23) Moennig V, Floegel-Niesmann G, Greiser-Wilke 1. Clinical signs and epidemiology of classical swine fever: a review of
new knowledge. Vet J 2003;165:11-20.

24) Straw BE, Zimmerman JJ, D’Allaire S, Taylor DJ. Classical swine fever and other pestiviruses. In: Diseases of Swine, 9thed.
Blackwell Publishing; 2006. p.309-22.

25) Dunne HW. Hog cholera (European swine fever). Adv Vet Sci Comp Med 1973;17:315-59.

26) Cha SH, Choi EJ, Park JH, Yoon SR, Kwon JH, Yoon KJ, et al. Phylogenetic characterization of classical swine fever viruses
isolated in Korea between 1988 and 2003. Virus Res 2007;126:256-61.

27) Yoon SS, Byun JW, Bae YC, Roh IS, Lee KH, Yeo DY, et al. Retrospective pathologic study on the classical swine fever
outbreak in Korea. Korean Journal of Veterinary Public Health 2010;34:117-123.

28) Floegel-Niesmann G, Bunzenthal C, Fischer S, Moennig V. Virulence of recent and former classical swine fever virus
isolates evaluated by their clinical and pathological signs. J Vet Med B Infect Dis Vet Public Health 2003;50:214-20.

29) Kim JS, Shon SG, Lee JH. Hisopathological Study on the Field Cases of Hog Cholera. J Inst Develop of Livestock Prod
1992;19:15-31.

30) Patchimasiri T, Pinyochon W, Damrongwatanapokin S. Pathological study of chronic swine fever in experimental pigs. In:
24. Thai Veterinary Medical Association and 4. Thailand Veterinary Practitioner Association Meeting, Bangkok

(Thailand), 5-7 Aug 1998.

31) Narita M, Kawashima K, Kimura K, Mikami O, Shibahara T, Yamada S, et al. Comparative immunohistopathology in pigs
infected with highly virulent or less virulent strains of hog cholera virus. Vet Pathol 2000;37:402-8.

140 Copyright © 2019 Journal of Bacteriology and Virology




<<
  /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 /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


