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Abstract: Viral hemorrhagic septicemia virus (VHSV) is a problematic pathogen in olive 

flounder (Paralichthys olivaceus) aquaculture farms in Korea. Thus, it is necessary to develop  

a rapid and accurate diagnostic method to detect this virus. We developed a quantitative 

RT-PCR (qRT-PCR) method based on the nucleocapsid (N) gene sequence of Korean 

VHSV isolate (Genogroup IVa). The slope and R2 values of the primer set developed in 

this study were −0.2928 (96% efficiency) and 0.9979, respectively. Its comparison with viral 

infectivity calculated by traditional quantifying method (TCID50) showed a similar pattern 

of kinetic changes in vitro and in vivo. The qRT-PCR method reduced detection time 

compared to that of TCID50, making it a very useful tool for VHSV diagnosis. 

Keywords: viral hemorrhagic septicemia virus (VHSV); quantitative detection; real-time 
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1. Introduction 

In recent years, fish consumption has increased worldwide because it is a healthy source of nutrients 

that is rich in proteins, minerals, and essential fatty acids. As olive flounder (Paralichthys olivaceus) is 

one of the preferred food sources in Korea, there has been an increase in the number of olive flounder 

farms. However, many farms have suffered substantial financial loss due to the occurrence of viral 

hemorrhagic disease (VHS) [1–3]. 

VHS virus (VHSV) is the etiological agent of VHS, which is one of the most serious viral diseases 

affecting farmed rainbow trout (Oncorhynchus mykiss) in European countries and olive flounder 

(Paralichthys olivaceus) in Far East Asia [2,4–7]. VHSV is a Novirhabdovirus RNA virus belonging to 

the family Rhabdoviridae and has a negative sense single-stranded RNA genome with approximately 

11.1 kb containing six genes, nucleocapsid protein (N), phosphoprotein (P), matrix protein (M), glycoprotein 

(G), non-virion protein (NV) and polymerase (L) genes, in the order 3’-N-P-M-G-NV-L-5’ [8]. Based on 

phylogenetic analyses with nucleotide sequences of N and G genes, worldwide isolates of VHSV were 

classified into four genotypes. Genotype I includes a wide range of viruses from freshwater and marine 

species in Europe, genotype II is composed of marine isolates from the Baltic Sea, genotype III includes 

isolates from the British Isles and Scottish waters, and genotype IV contains isolates from Korea, Japan, 

and the Pacific Coast and Great Lakes regions of North America [1–4,9–16]. Moreover, the Asian 

isolates (genotype IVa) are phylogenetically distinguishable from North American isolates [3,14]. 

Thus, the Far East Asian VHSV isolates could be an indigenous virus in Korean and Japanese coastal 

areas. Recently, Kim et al. analyzed complete genome sequence of VHSV isolated from olive flounder 

and confirmed it was included in a genotype IVa by phylogenetic study [17]. 

The World Organization for Animal Health Office International des Epizooties (OIE) has determined 

VHSV to be a problematic disease and has attempted to manage it [18] by providing an effective VHSV 

detection method such as the polymerase chain reaction (PCR), antibody-based assays and so on; 

however, it is not a quantitative assay. Therefore, additional cell culture-based experiments, i.e., plaque 

assay or 50% tissue culture infectivity dose (TCID50) are necessary to quantify the virus, but it takes 

approximately 1–2 weeks to obtain results. Thus, it is important to develop detection methods to 

diagnose VHS within a short time. Recently, the use of quantitative RT-PCR (qRT-PCR) in the field of 

virus disease diagnosis has increased because it is rapid, sensitive and has high specificity [19]. The 

qRT-PCR technique allows many samples can be analyzed simultaneously within a short time and is 

providing great impulse for the upgrading of previous diagnostic assays. Recently, although some 

genotype-specific quantitative detection methods for VHSV have been published [20,21], there is no 

reported method developed using genotype IVa. 

Thus, in this study, we newly developed a quantitative detection method for VHSV genotype IVa 

using Korean isolate and compared it with the conventional bio-assay method (TCID50) using in vitro 

and in vivo samples. 
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2. Results and Discussion 

2.1. Plasmid Construction for Standard and Primer Efficiency 

It was amplified with an open reading frame (ORF) of nucleoprotein (N) gene from VHSV 

FYeosu05 isolate and cloned. The serial 10-fold dilutions of the cloned plasmid were amplified in 

duplicate by qRT-PCR to determine the sensitivity of the qRT-PCR assay. The slope and R2 values of 

the primer set used in this study were −0.2928 (96% efficiency) and 0.9979, respectively (Figure 1). 

The primer set showed an equivalent efficiency and satisfactory coefficient of determination (R2) 

values compared to other studies [21–23]. 

Figure 1. qRT-PCR standard curve (a) and melting curve (b). The plasmid DNA harboring 

viral hemorrhagic septicemia virus (VHSV) N gene was diluted by 10-fold and amplified  

in duplicate by quantitative PCR reaction. Standard curve for this N gene primers;  

slope = −0.2928, R2 = 0.9979. 

 
(a) 

 
(b) 
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2.2. Comparison of qRT-PCR and TCID50 Method (In Vitro) 

Figure 2 reveals both replication curves in VHSV infectivity by the TCID50/mL value (gray bar) and 

viral copy numbers calculated by qRT-PCR (black bar). Infectivity was lower than 103.1 TCID50/mL 

until 12 h after infection and then virus replication increased rapidly between 12 h (103.1 TCID50/mL) 

and 3 days (108.6 TCID50/mL). About 109.3 TCID50/mL titers were measured at 5 days. Consequently, 

we considered that the viruses were released into the culture medium after 12 h. Similarly, the viral copy 

number remained almost unchanged until 24 h (about 101.5 copies/mL) and then gradually increased 

until 72 h. About 106.1 copies/mL were maintained until 5 days. This is the first comparison study of 

the change in VHSV replication kinetics and its N gene copy numbers in vitro. It showed similar 

change patterns. Pierce et al. revealed that quantitation of VHSV molecules in the dilution test series 

followed a linear relationship to results from plaque assays [24]. 

Figure 2. Comparison of VHSV titer (TCID50/mL) and copy number (in vitro). Black bar 

indicates log values of the VHSV copy number and gray bar indicates log values of VHSV 

titer (TCID50/mL). 

 

2.3. Comparison of qRT-PCR and TCID50 Method with VHSV Challenged Olive Flounder (In Vivo) 

VHSV infection caused mortality in the olive flounder. Most of the dead fish exhibited ascites, 

congested liver and enlarged spleen and kidney. The challenged fish died during day 6–22 after VHSV 

infection and cumulative mortality was estimated as 63.8% (Figure S1). A total of 48 fish samples 

(eight fish from each sampling time) were used to determine average viral copy numbers/mL and 

TCID50/mL and these results are in Figure 3a. VHSV was detectable in five out of eight fish on the 1st 

day after injection (D.A.I.) with 102.43 TCID50/mL of the average infectivity titer, but VHSV rapidly 

multiplied on the 3rd D.A.I. The VHSV titers on the 3rd, 5th, 7th D.A.I. were 106.14, 104.55, 106.52 

TCID50/mL, respectively, and then VHSV reduced to 102.61 TCID50/mL on the 14th D.A.I. VHSV was 

detected only in one fish on the 21st D.A.I. These results demonstrate that VHSV multiplied very 
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quickly at 3–5 D.A.I. before the fish began to die. Similarly, the viral copy number at the 1st D.A.I. 

was 103.5 copies/mL (Ct 34.1) but it went up to 106.17 copies/mL (Ct 24.97) at the 3rd D.A.I. The 

VHSV copy numbers on the 5th and 7th D.A.I. were 105.37, 107.10 copies/mL (Ct 27.69, 21.79), 

respectively, and then it decreased to 103.43 copies/mL (Ct 34.34) at 14th D.A.I. On the 21st D.A.I. it 

recorded 102.94 copies/mL (Ct 36.0). Figure 3b represents the copy numbers of VHSV versus the titers 

(TCID50/mL) for individual samples. From these results presented herein, the changes of VHSV titer 

were comparable to that of the copy numbers. Interestingly, the VHSV titers were rather lower than copy 

numbers in in vivo results while the VHSV titers were higher than copy numbers in in vitro results 

(Figure 2). It might be that the in vivo tissue sample contained all forms of the viral genome, and not 

only assembled viral genomes in complete virion but also extra viral genomes such as replication 

intermediates and immature viruses. Furthermore, the in vivo sample contained lots of inhibitors like 

proteases which could affect virus activity. These can make a difference between in vitro and in vivo 

results. It is necessary to conduct extra studies with more field samples and find accurate reasons as to 

what causes the differences between in vitro and in vivo results to better understand the efficiency of 

qRT-PCR method and its relationship with the TCID50 method. Hope et al. compared the qRT-PCR 

assay and cell culture protocols using wild fish samples [22]. From this study they also explained that 

the qRT-PCR was as accurate as cell culture identification but far more sensitive with respect to the 

detection of VHSV infection. 

3. Experimental Section 

3.1. Virus and Cells 

The VHSV (FYeosu05) used in this study was isolated in 2005 from Yeosu, Korea [2] and 

propagated in the fathead minnow (FHM) cell line. FHM cells were grown at 20 °C in Leibovitz L-15 

medium (Sigma Aldrich, St. Louis, MO, USA) with 10% fetal bovine serum (Gibco, Gland Island, 

NY, USA), 150 U/mL penicillin G, and 100 µg/mL streptomycin. VHSV was inoculated on a 

confluent FHM cell monolayer and incubated at 15 °C to replicate the virus. Viral samples were 

aliquot in small volumes and stored at −80 °C until use. 

3.2. Viral RNA Extraction and cDNA Synthesis 

Viral RNA was extracted with miRNA extraction kit (Qiagen, Hilden, Germany) and cDNA was 

synthesized using M-MLV Reverse Transcriptase (Bioneer, Daejeon, Korea) following the manufacturer’s 

protocols. For cDNA synthesis, the mixture of extracted RNA and 20 pmole of qVN_11F primer (5’-

GAATCCGTGCAGCTTTTTCAGG-3’) was incubated at 65 °C for 10 min, and immediately cooled on 

ice. Secondly, the mixture mixed with 4 µL of 5× MMLV Reverse Transcriptase reaction buffer,  

2 µL of 100 mM DTT, 1 mM dNTP (each), 0.5 µL of RNase inhibitor (40 U/µL), 0.5 µL of MMLV 

RTase (10 U/µL) and incubated for 60 min at 37 °C. Finally, the mixture was incubated for 5 min at  

85 °C to inactivate RTase. The synthesized cDNA was stored at –20 °C for quantitative PCR and 

further use. 
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Figure 3. Comparison of VHSV titer (TCID50/mL) and copy number (in vivo). (a) Black 

bar indicates average log values of the VHSV copy number and gray bar indicates average 

log values of VHSV titer (TCID50/mL); (b) The copy numbers of VHSV determined from 

qRT-PCR versus those from VHSV titer (TCID50/mL) for individual samples. 

 
(a) 

 
(b) 

3.3. Gene Cloning 

The nucleoprotein gene open reading frame (ORF) of VHSV was cloned into the pCR2.1-Topo 

vector (Invitrogen, Carlsbad, CA, USA) to prepare a standard curve. The VHSV genes were  

amplified with the ORF primer set (VN_ORF_for, ATGGAAGGGGGAATCCGTGC; VN_ORF_rev, 

TTAATCAGAGTCCCCTGGGTAGTCGT) and the PCR product was eluted with a GeneAll Expin  

Gel SV kit (GeneAll, Seoul, Korea). The purified PCR products were ligated with the pCR2.1-Topo 

vector transformed to Escherichia coli Top10 strain. Plasmid DNA was extracted with an AccuPrep 
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Plasmid Mini Extraction kit (Bioneer, Daejeon, Korea). DNA concentration was measured using  

a NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Pittsburgh, PA, USA). 

3.4. Quantitative RT-PCR (qRT-PCR) 

A primer set (qVN_11F, GAATCCGTGCAGCTTTTTCAGG; qVN_rev_160R, CAAGTGCATCCAC 

GATCACCTTC) used in this work were designed by Primer3Plus [25] based on the VHSV FYeosu05 

genome sequence [18]. Primer efficiency was examined by the qRT-PCR with 10-fold diluted plasmid 

DNA. The qRT-PCR was carried out in an Exicycler 96 Real-Time Quantitative Thermal Block 

(Bioneer, Daejeon, Korea) using SYBR green mixture, AccuPower Greenstar qPCR Premix (Bioneer, 

Daejeon, Korea). The reaction conditions were set as stated in the manufacturer’s instructions. Briefly, 

a 10 min pre-denaturation cycle at 95 °C, 40 cycles of 20 s denaturation at 95 °C, and a 40 s extension 

at 58 °C were used. The specification of the qRT-PCR reaction was analyzed through melting curve 

analysis, and the baseline was determined automatically by the Exicycler Analysis Software (Bioneer, 

Daejeon, Korea). 

3.5. Comparison qRT-PCR and TCID50 Method (In Vitro) 

A 0.015 multiplicity of infection virus was inoculated into six 25 cm2 culture flasks containing 

FHM cells and 200 µL of the supernatant was sampled immediately after virus inoculation (0 h), at 3, 

6, 12,  

24 h, and at 2, 3, and 5 days from each of six culture flasks to compare the TCID50 method and the 

qRT-PCR method. Three samples were used for virus titration by the TCID50 method and the other 

three samples were used for qRT-PCR. FHM cells (105 cells/well) were cultured in 96-well plates, and 

50 µL of 10-fold diluted virus (10−1–10−9) was inoculated onto the 96-well plates. TCID50 value was 

calculated 14 days after inoculation using the Reed and Muench method [26]. All samples were 

statistically analyzed and all the data were represented as the means ± the standard error. 

3.6. Comparison of qRT-PCR and TCID50 Method with VHSV Challenged Olive Flounder (In Vivo) 

Three hundred fish were cultivated in two aquaria (n = 150), separately. VHSV at dose of 105.8 

TCID50/100 µL/fish was injected intramuscularly into the fish in aquaria, while 100 µL of L-15 

medium/fish was injected into fish in the remaining aquarium as a control. The challenged fish were 

reared and daily observed for three weeks (21 days). Spleen and kidney tissues of eight fish from each 

group were collected on the 1st, 3rd, 5th, 7th, 14th and 21st days for titration of VHSV and viral copy 

number. The obtained tissues were homogenized with nine volumes of DMEM medium and centrifuged  

at 5000× g for 20 min (4 °C), and then the supernatant was subdivided into small aliquots and stored  

at −80 °C until use. 

4. Conclusions 

Although many researchers commonly use the plaque assay or TCID50 method to quantify VHSV,  

it takes almost two weeks to obtain a final result. However, the qRT-PCR method developed in this 

study decreased experimental time shortly within a day. Moreover, the comparison of viral copy 
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numbers with viral infectivity calculated by TCID50 shows a similar change pattern for 120 h after 

virus inoculation to FHM cells (in vitro). In addition, the changes of VHSV titer from 48 VHSV 

challenged fish were comparable to that of the copy numbers (in vivo). Thus, the qRT-PCR method 

developed here demonstrates great potential to quantitatively detect VHSV. It could be useful for rapid 

detection of VHSV in fish of aqua-farms and researches to understand the relationship between virus 

replication and occurrence of VHS. 

Acknowledgments 

This study was supported by a grant from the National Fisheries Research and Development 

Institute (NFRDI), Republic of Korea (RP-2014-AQ-037). 

Author Contributions 

J.K., W.K. and M.O. participated in designing the research. J.K., W.K. and S.K. performed the 

experiments. H.H., J.W.K., M.A.P. and M.O. contributed to the data interpretation. 

Conflicts of Interest 

The authors declare no conflict of interest  

References and Notes  

1. Kim, S.M.; Lee, J.I.; Hong, M.J.; Park, H.S.; Park, S.I. Genetic relationship of the VHSV (viral 

hemorrhagic septicemia virus) isolated from cultured olive flounder, Paralichthys olivaceus in 

Korea. J. Fish Pathol. 2003, 16, 1–12. 

2. Kim, W.S.; Kim, S.R.; Kim, D.W.; Kim, J.O.; Park, M.A.; Kitamura, S.I.; Kim, H.Y.; Kim, D.H.; 

Han, H.J.; Jung, S.J.; et al. An outbreak of VHSV (viral haemorrhagic septicaemia virus) 

infection in farmed olive flounder Paralichthys olivaceus in Korea. Aquaculture 2009, 296, 165–

168. 

3. Kim, W.S.; Jung, S.J.; Kim, J.O.; Kim, D.W.; Kim, J.H.; Oh, M.J. Genetic positioning of Korean 

viral hemorrhagic septicemia virus (VHSV) from cultured and wild marine fishes. J. Fish Pathol. 

2011, 24, 1–9. 

4. Isshiki, I.; Nishizawa, T.; Kobayashi, T.; Nagano, T.; Miyzaki, T. An outbreak of VHSV (viral 

haemorrhagic septicemia virus) infection in farmed Japanese flounder Paralichthys olivaceus in 

Japan. Dis. Aquat. Org. 2001, 47, 87–99. 

5. Skall, H.F.; Olesen, N.J.; Mellergaard, S. Viral haemorrhagic septicaemia virus in marine fish and 

its implications for fish farming—A review. J. Fish Dis. 2005, 28, 509–529. 

6. Smail, A.; Snow, M. Viral haemorrhagic septicaemia. In Fish Disease and Disorders; 2nd ed.; 

Woo, P.T.K., et Bruno, D.W., Eds.; CAB International: New York, NY, USA, 2011; Volume 3, 

pp. 110–142. 

7. Wolf, K. Viral Hemorrhagic Septicemia Virus, Fish Viruses and Fish Viral Diseases; Cornell 

University Press: Ithaca, NY, USA, 1988; pp. 217–249. 



Viruses 2014, 6 2212 

 

 

8. Trdo, N.; Benmansour, A.; Calisher, C.; Dietzgen, R.G.; Fang, R.X.; Jackson, A.O.; Kurath, G.; 

Nadin-Davis, S.; Tesh, R.B.; Walker, P.J. Virus Taxonomy: Eighth Report of the International 

Committee on Taxonomy of Viruses; Elsevier/Academic Press: London, UK, 2005; pp. 623–644. 

9. Brunson, R.; True, K.; Yancey, J. VHS virus isolated at Makah National Fish Hatchery. Am. Fish 

Soc. Newsl. 1989, 17, 3–4. 

10. Hopper, K. The isolation of VHSV from Chinook salmon at Glenwood Springs, Orcas Island, 

Washington. Am. Fish Soc. Newsl. 1989, 17, 1–2. 

11. Meyers, T.R.; Winton, J.R. Viral hemorrhagic septicemia in North America. Annu. Rev. Fish Dis. 

1995, 5, 3–24. 

12. Meyers, T.R.; Short, S.; Lipson, K. Isolation of the North American strain of viral hemorrhagic 

septicemia virus (VHSV) associated with epizootic mortality in two new host species of Alaskan 

marine fish. Dis. Aquat. Org. 1999, 38, 81–86. 

13. Mortensen, H.F.; Heuer, O.E.; Lorenzen, N.; Otte, L.; Olesen, N.J. Isolation of viral haemorrhagic 

septicaemia virus (VHSV) from wild marine fish species in Baltic Sea, Kattegat, Skagerrak and 

the North Sea. Virus Res. 1999, 63, 95–106. 

14. Nishizawa, T.; Iida, H.; Takano, R.; Isshiki, T.; Nakajima, K.; Muroga, K. Genetic relatedness 

among Japanese, American and European isolates of viral hemorrhagic septicemia virus (VHSV) 

based on partial G and P genes. Dis. Aquat. Org. 2002, 48, 143–148. 

15. Schlotfeldt, H.J.; Ahne, W.; Jorgensen, P.E.V.; Glende, W. Occurrence of viral haemorrhagic 

septicaemia in turbot (Scophthalmus maximus)—A natural outbreak. Bull. Eur. Assoc. Fish 

Pathol. 1991, 11, 105–107. 

16. Takano, R.; Nishizawa, T.; Arimoto, M.; Muroga, K. Isolation of viral hemorrhagic septicemia 

virus (VHSV) from wild Japanese flounder, Paralichthys olivaceus. Bull. Eur. Assoc. Fish Pathol. 

2000, 20, 186–193. 

17. OIE. Manual of Diagnostic Tests for Aquatic Animals. Viral Hemorrhagic Septicemia Virus (VHSV); 

Office International des Eizooties: Paris, France, 2009. 

18. Kim, J.O.; Kim, W.S.; Nishizawa, T.; Oh, M.J. Complete genome sequence of viral hemorrhagic 

septicemia virus isolated from an olive flounder in South Korea. Genome Announc. 2013, 1,  

doi:10.1128/genomeA.00681-13. 

19. Mackay, I.M. Real-time PCR in the microbiology laboratory. Clin. Microbiol. Infec. 2004, 10, 

190–212. 

20. Bland, F.; Snow, M.; Garver, K.A.; Matejusova, I. Genotype-specific Taqman(®) assays for the 

detection and rapid characterisation of European strains of viral haemorrhagic septicaemia virus. 

J. Virol. Methods 2012, 187, 209–214. 

21. Jonstrup, S.P.; Kahns, S.; Skall, H.F.; Boutrup, T.S.; Olesen, N.J. Development and validation of 

a novel Taqman-based real-time RT-PCR assay suitable for demonstrating freedom from viral 

haemorrhagic septicaemia virus. J. Fish Dis.2013, 36, 9–23. 

22. Hope, K.; Casey, R.; Groocock, G. Comparison of quantitative RT-PCR with cell culture to detect 

viral hemorrhagic septicemia virus (VHSV) IVb infections in the Great Lakes. J. Aquat. Anim. Health. 

2010, 22, 50–61. 
  



Viruses 2014, 6 2213 

 

 

23. Cornwell, E.R.; Eckerlin, G.E.; Getchell, R.G.; Groocock, G.H.; Thompson, T.M.; Batts, W.N.; 

Casey, R.N.; Kurath, G.; Winton, J.R.; Bowser, P.R.; et al. Detection of viral hemorrhagic 

septicemia virus by quantitative reverse transcription polymerase chain reaction from two fish 

species at two sites in Lake Superior. J. Aquat. Anim. Health. 2011, 23, 207–217. 

24. Pierce, L.R.; Willey, J.C.; Crawford, E.L.; Palsule, V.V.; Leaman, D.W.; Faisal, M.; Kim, R.K.; 

Shepherd, B.S.; Stanoszek, L.M.; Stepien, C.A. A new StaRT-PCR approach to detect and quantify 

fish Viral Hemorrhagic Septicemia virus (VHSv): Enhanced quality control with internal standards.  

J. Virol. Methods 2013, 189, 129–142. 

25. Primer3Plus. Available online: http://primer3plus.com/cgi-bin/dev/primer3plus.cgi/ (accessed on 

10 July 2012). 

26. Reed, L.; Muench, H. A simple method of estimating fifty per cent endpoints. Am. J. Epidem. 

1938, 27, 493–497. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 



<<
  /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


