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Abstract 
Aim: The present study was undertaken to type Staphylococcus aureus isolates from cattle and buffalo mastitic milk on the 
basis of spa (X-region) and clfA genes, both responsible for producing virulence factors.

Material and Methods: In the present investigation S. aureus isolates were isolated as per standard protocols. Typing of 
S. aureus was carried out by molecular detection of spa and clfA gene by polymerase chain reaction.

Results: All the 32 isolates from cattle (16) and buffalo (16) were divisible into seven spa types with amplicon sizes ranging 
between 120 and 380bp. The cattle isolates produced seven different spa amplicons of 120, 150, 200, 250, 280, 300, and 
330 bp with 3, 4, 6, 8, 10, 11 and 12 number of tandem repeats, respectively whereas buffalo isolates were divisible into 
five spa types with amplicons of 150, 200, 250, 330 and 380 bp having calculated number of repeats of 5, 7, 9, 12, and 
14, respectively. Of the total isolates, 24 were considered pathogenic on the basis of more than seven number of tandem 
repeats. In the present investigation, clfA gene was amplified in 27 isolates from cattle and buffalo producing two different 
amplicons of 900 and 1000 bp sizes showing polymorphism. The most (71.80%) of the isolates produced amplicons of 
900 bp while amplicon size of 1000 bp was produced by four (12.5%) of the isolates.

Conclusion: The presence of these genes with a wide degree of polymorphism confirmed the pathogenic potential of 
S. aureus and their association with clinical manifestations in mastitis among cattle and buffalo.
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Introduction

Protein A of Staphylococcus aureus, one of the 
important virulence factors encoded by spa gene 
is a surface protein that binds to the IgG molecules 
and evades phagocytosis thus in turn contributing to 
the development of the disease [1,2]. The spa gene 
is composed of functionally distinct regions, i.e. Fc 
binding region, X-region and at C-terminus. The 
X-region of the spa gene includes a variable num-
ber of 24-bp repeats [3,4] and because of this the 
spa genes have been the most widely used markers 
for molecular typing. Polymerase chain reaction-re-
stricted fragment length polymorphism (PCR-RFLP) 
studies of these genes were found to be quite useful in 
typing S. aureus strain and have been considered good 
in regards to typability, reproducibility and discrim-
inatory power [5]. The strains with more than seven 
repeats in the X-region have also been considered to 
be pathogenic[6].

Clumping factor is an important adhesion pro-
tein of S. aureus that is governed by clfA gene [6] 
and is thought to be essential for colonization and 
establishment of infections. It participates in the 
infection process by facilitating bacterial binding 
via soluble or immobilized fibrinogen as fibrinogen 
plays a significant role in platelet thrombus forma-
tion [7]. Clumping factor has been reported to be 
present in the majority of isolates [8] and the gene 
clfA has been reported to be important in pathoge-
nicity of bovine mastitis [6]. Tuchscherr et al. [9] 
showed that antibodies to clfA enhanced the protec-
tion against infection provided by capsular polysac-
charides antibodies.

The present work reports spa (X-region) and 
clfA gene typing in S. aureus obtained from milk from 
cattle and buffalo with clinical mastitis.
Materials and Methods
Ethical approval

All the procedures have been carried out in 
accordance with the guidelines laid down by the 
Institutional Ethics Committee and in accordance with 
local laws and regulations.

Copyright: The authors. This article is an open access article licensed 
under the terms of the Creative Commons Attributin License (http://
creative commons.org/licenses/by/2.0) which permits unrestricted 
use, distribution and reproduction in any medium, provided the 
work is properly cited.
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Isolation of S. aureus
In the present investigation, 32 S. aureus (16 each 

from cattle and buffalo) were isolated from mastitic 
milk and identified as per standard procedures  [10]. 
All phenotypically identified isolates were further 
confirmed by 23S rRNA ribotyping [11].
Amplification of spa and clfA gene

Amplification of the spa gene was 
done as described by Frenay et al. [12] using 
5’CAAGCACCAAAAGAGGAA3’ (F) and 
5’CACCAGGTTTAACGACAT3’ (R) primers. 
Briefly, the reaction mixture of 30μl was prepared 
by mixing 20.4 μl deionised water, 2.5 μl10x Buffer, 
1.8 μl MgCl2, 1.0 μl Primer-1 (10 pM/μl), 1.0  μl 
Primer-2 (10 pM/ μl), 0.6μl dNTP-mix (10 mM), 
0.2  μl Taq DNA polymerase (5 U/ μl) and 2.5 μl tem-
plate DNA (25ng/ μl). Amplification was carried out 
in a Veriti thermal cycler (Applied biosystem) as fol-
lows: initial 34 cycle of amplification (denaturation at 
94°C for 60 s, primer annealing at 55°C for 60 s and 
primer extension at 70°C for 60 s), and final extension 
at 72°C for 5 min.

Amplification of the clfA gene was 
done as described by Stephan et al. [6] using 
5’GGCTTCAGTGCTTGTAGG3’ (F) and 
5’TTTTCAGGGTCAATATAAG 3’ (R) primers. 
Briefly, the reaction mixture of 30μl was prepared 
by mixing 21.4 μl deionised water, 3.0 μl 10x Buffer, 
1.8 μl MgCl2, 1.0μl Primer-1 (10 pM/μl), 1.0 μl 
Primer-2 (10 pM/μl), 0.6μl dNTP-mix (10 mM), 0.2 μl 
Taq DNA polymerase (5U/μl) and 1.0 μl template 
DNA (25ng/μl). Amplification was carried out in a 
Veriti thermal cycler (Applied biosystem) as follows: 
Initial 34 cycle of amplification (denaturation at 94°C 
for 60 s, primer annealing at 55°C for 60 s and primer 
extension at 70°C for 60 s), and final extension at 72°C 
for 5 min. The PCR products, after addition of 2  μl 
of tracking dye were resolved in 1.2% agarose gels 
prepared in ×1.0 TBE buffer containing 0.5 μg/ ml of 
ethidium bromide. 50 bp and 100 bp DNA ladder were 
used as molecular marker. The amplification products 
were electrophoresed for 50-60 min at 100 Volts. The 
gel was then visualized under gel documentation sys-
tem (ENDURO GDS).
Results

The ribotyping produced an amplicon of 1250 bp 
in 32 isolates confirming them to be S.  aureus.
Amplification of spa-X region gene

Protein A, encoded by the spa gene, is one of 
the virulence factors involved in the staphylococ-
cal pathogenesis. The amplification of X region of 
the spa gene produces amplicons of variable sizes 
depending on the number of 24 bp tandem repeats 
and this property of the organisms is being used for 
differentiation among various isolates by the scien-
tists [6,13-15]. The number of repeats in the X region 
of the spa gene correlates with the virulence level of 

the strains. In the present investigation all the isolates 
from both cattle and buffalo produced spa ampli-
cons of seven types ranging between 120 and 380 bp 
(Figures-1 and 2). The spa gene X-region amplicons 
produced by cattle isolates were of greater variability 
than that of isolates from buffalo. The cattle isolates 
produced seven different types of spa amplicons viz. 
120, 150, 200, 250, 280, 300, and 330 bp with calcu-
lated number of repeats of 3, 4, 6, 8, 10, 11 and 12, 
respectively (Table- 1). The buffalo isolates produced 
5 types of spa amplicons the sizes of which were 150, 
200, 250, 330 and 380 with calculated number of 
repeats of 5, 7, 9, 12, and 14, respectively. The ampli-
con of 250 bp was produced by maximum numbers of 
isolates (Table-2).
Amplification of clfA gene

Clumping factor A (clfA) is a cell surface-associ-
ated protein of S. aureus that promotes binding of this 
pathogen to both soluble and immobilized fibrinogen 
and thought to be essential for colonization. Gene clfA 
has been reported to be important in pathogenicity of 
bovine mastitis [6]. In the present investigation, clfA 
gene was amplified in 27 out of 32 isolates from cat-
tle and buffalo producing two different amplicons 
of 900 and 1000 bp sizes showing polymorphism 
(Figures-3  and 4). The most (71.80%) of the isolates 
produced amplicons of 900 bp while amplicon size of 
1000 bp was produced by four (12.5%) of the isolates. 

Figure-1: Agarose gel electrophoresis of amplicons of spa 
gene (X-region) of S. aureus isolates obtained from cattle 
mastitic milk

Figure-2: Agarose gel electrophoresis of amplicons of spa 
gene (X-region) of S. aureus isolates obtained from buffalo 
mastitic milk
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The remaining five (15.6%) isolates were considered 
clfA deficient.
Discussion
Amplification of Spa (X-region) gene

Our observations were in complete agreement 
with many workers such as Salasia et al. [8] who 
obtained nine different sized amplicons of 100, 150, 
200, 230, 240, 250, 270, 290 and 340 bp in S. aureus 
isolates from bovine subclinical mastitis, Annemuller 
et al. [16] who obtained amplified fragments of 
120, 150, 170, 250 and 300 bp with calculated num-
ber of repeats of 3, 4, 5, 8 and 10 respectively and 
Indrajulianto [17] who studied X-region of protein-A 
yielding amplicons of variable size viz. 100, 150, 200, 
250, 280, 300 and 330 bp.

Marques et al. [18] reported presence of spa gene 
in all of the isolates from bovine mastitis, showing 
variable amplicon sizes with 300 bp being the preva-
lent size. Contrary to the results in the present study, 
uniform amplicons of 300 bp size were obtained by 
Suleiman et al. [19] in 20 isolates of S. aureus from 
subclinical bovine mastitis. The S. aureus isolates 
have also been reported to be spa gene-deficient by 
Shakeri et al. [20].

In the present study, 24 isolates were consid-
ered pathogenic since they possessed more than 
seven repeats. On the other hand, no correlation was 
reported between tandem repeats and pathogenicity 
of the isolates by Nashev et al. [21] from humans, 
Kuzma et  al.  [4] and Jakubczak et al. [22] in isolates 
from mastitc cows and Kurlenda et al. [23] in human 
isolates.

Amplification of clfA gene
Our results were in complete agreement with 

Karahan et al. [7] who reported 84 (91.3%) out of 
92 S. aureus isolates to show presence of clfA with 
two different amplicons at the molecular length of 
approximately 900 bp and1000 bp. Similarly, Memon 
et al. [24] also reported that the size of clfA gene ampli-
con varied from 900 bp to 1000 bp in S. aureus isolates 
associated with bovine mastitis. Among the S. aureus 
strains representing the clinical mastitic cow, 13 
strains (54.2%) had an amplicon size of 900 bp, while 
11 strains (45.8%) had an amplicon size of 1000 bp 
and the S. aureus strains obtained from sub-clinical 
mastitis 2 (12.5%) strains had a clfA amplicon size 
of 900 bp and 14 (87.5%) strains an amplicon size of 
1000 bp [25].

On the contrary to our observations, polymor-
phism was not reported for this gene by many work-
ers. Stephan et al. [6] recorded amplicon with a size of 
approximately 980 bp for all 34 S. aureus. Likewise, 
other workers [26-28] also found amplicons of same 
sizes with no polymorphism. Akineden et al. [2] and 
Salasia et al. [8] reported amplification of the clump-
ing factor gene clfA resulting in a single amplicon 
with a size of approximately 1000 bp from S. aureus. 
Similarly, Kalorey et al. [29] characterized 37 strains 
of S. aureus of bovine milk origin for clfA gene and 
obtained an amplicon of approximately 1042 bp only. 
Likewise, Moroni et al. [30] characterized S. aureus 
isolated from milk from chronically infected alpine 
dairy goats and obtained a clfA amplicon of 1030 bp 
in all 28 isolates. Nathawat [31] also reported ampli-
cons of 1050 bp in isolates from the goat mastitis from 
same study area. In study of Salem-Bekhit et al. [27] 
also, amplification of the clumping factor (clfA) gene 

Table-1: spa gene (X- region) polymorphism in S. aureus 
isolates from cattle with clinical mastitis.

Isolate 
numbers

Total 
isolates

Spa gene 
amplicon (bp)

Total number 
of repeats

C37 1 120 3
C7 1 150 4
C9, C14, C23 3 200 6
C15, C18, C26, 
C29, C31, C38

6 250 8

C27, C36 2 280 10
C13 1 300 11
C24, C28 2 330 12

S. aureus=Staphylococcus aureus

Table-2: spa gene (X- region) polymorphism in S. aureus 
isolates from buffalo with clinical mastitis.

Isolate 
numbers

Total 
isolates

Spa gene 
amplicon (bp)

Total number 
of repeats

B17 1 150 4
B13, B27 1 200 6
B3, B7, B19, 
B20, B21 B26, 
B37, B38, B43

9 250 8

B15, B30 2 330 12
B8, B14 2 380 14

S. aureus=Staphylococcus aureus

Figure-3: Agarose gel electrophoresis of amplicons of clfA 
gene of S. aureus isolates obtained from cattle mastitic milk

Figure-4: Agarose gel electrophoresis of amplicons of clfA 
gene of S. aureus isolates obtained from buffalo mastitic milk
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resulted in a single amplicon with a size of approxi-
mately 985 bp for all 68 S. aureus strains indicating 
no size polymorphisms of this gene.
Conclusion

The present study revealed presence of spa and 
clfA gene with a wide degree of polymorphism. It 
directly correlates with the pathogenic potential of 
an organism and their association with clinical man-
ifestations in mastitis among cattle and buffalo. In 
the present study, 24 isolates were considered patho-
genic since they possessed more than seven repeats. 
The number of repeats along the X region of the spa 
gene correlates with the virulence level of the strains. 
Likewise, clfA gene polymorphism was also recorded 
among isolates.
Authors’ Contributions

RY and AKK planned and designed the study. RY 
and SKK conduct the experiment. Lab analysis was 
carried out by RY and JY. Writing of the manuscript 
is done by RY and JY under the guidance of AKK. All 
authors read and approved the final manuscript.
Acknowledgment

The study was funded by Rajasthan University 
of Veterinary and Animal Sciences University 
(RAJUVAS), Bikaner as part of MVSc dissertation 
of the first author. The authors are highly thankful 
to the Department of Veterinary Microbiology and 
Biotechnology, College of Veterinary and Animal 
Sciences, RAJUVAS for providing necessary facilities.
Competing Interests

The authors declare that they have no competing 
interests.
References
1. Sharma, N.K., Rees, C.E.D. and Dodd, C.E.R. (2000) 

Development of a single-reaction multiplex PCR toxin typ-
ing assay for Staphylococcus aureus strain. Appl. Environ. 
Microbiol., 66(4): 1347.

2. Akineden, O., Annemuller, C., Hassan, A.A., Lammler, C., 
Wolter, W. and Zschock, M. (2001) Toxin genes and other 
characteristics of Staphylococcus aureus isolates from milk 
of cows with mastitis. Clin. Diagn. Lab. Immunol., 8(5): 
959-964.

3. Frenay, H.M., Theelen, J.P., Schouls, L.M., Vandenbroucke-
Grauls, C.M., Verhoef, J., van Leeuwen, W.J. and Mooi, F.R. 
(1994) Discrimination of epidemic and nonepidemic meth-
icillin- resistant Staphylococcus aureus strains on the basis 
of Protein-A gene polymorphism. J. Clin. Microbiol., 32(3): 
846-847.

4. Kuzma, K., Malinowski, E., Lassa, H. and Klossowska, A. 
(2003) Specific detection of Staphylococcus aureus by 
PCR in intramammary infection. Bull. Vet. Inst. Pulawy., 
47: 183-190.

5. Mehndiratta, P.L., Bhalla, P., Ahmed, A. and Sharma, Y.D. 
(2009) Molecular typing of methiciline-resistance 
Staphylococcus aureus by PCR-RFLP of spa gene: A ref-
erence laboratory prospective. Indian. J. Vet. Microbiol., 
27(2): 116-122.

6. Stephan, R., Annemuller, C., Hassan, A. and Lammler, C. 
(2001) Characterization of enterotoxigenic Staphylococcus 

aureus strains isolated from bovine mastitis in north-east 
Switzerland. Vet. Microbiol., 78: 373-382.

7. Karahan, M., Nuri Aciki, M. and Cetinkaya, B. (2011) 
Investigation of virulence genes by PCR in Stapylococcus 
aureus isolates originated from subclinical bovine mastitis 
in Turkey. Pak. Vet. J., 31(3): 249-253.

8. Salasia, S.I.O., Khusnan, Z., Lammler, C. and Zschock, M. 
(2004) Comparative studies on phenotypic and genotypic 
properties of Staphylococcus aureus isolated from bovine 
subclinical mastitis in central Java in Indonesia and Hesse 
in Germany. J. Vet. Sci., 5(2), 103-109.

9. Tuchscherr, L.P.N., Buzzola, F.R., Alvarez, L.P., Lee, J.C. 
and Sordelli, D.O. (2008) Antibodies to capsular poly-
saccharide and Clumping factor A prevent mastitis and 
the emergence of unencapsulated and small-colony vari-
ants of Staphylococcus aureus in mice. Infect. Immunol. 
76(12):  5738-5744.

10. Quinn, P.J., Carter, M.E., Markey, B.K and Carter, G.R. 
(1994) Clinical Veterinary Microbiology. Wolfe Publishing, 
Mosby-Year Book Europe Ltd., England.

11. Straub, J.A., Hertel, C. and Hammes, W.P. (1999). 
A 23S  rRNA target polymerase chain reaction based 
system for detection of Staphylococcus aureus in meat 
starter cultures and dairy products. J. Food. Protect., 
62(10):  1150-1156.

12. Frenay, H.M.E., Bunschoten, A.E., Schouls, L.M., Van 
Leeuwen, W.J., Vandenbroucke-Grauls, C.M., Verhoef, J 
and Mooi, F.R. (1996) Molecular typing of methicillin-re-
sistant Staphylococcus aureus on the basis of protein A 
gene polymorphism. Eur. J. Clin. Microbiol. Infect. Dis., 
15(1):  60-64.

13. Lange, C., Cardoso, M., Senczek, D. and Schwarz, S. 
(1999) Molecular subtyping of Staphylococcus aureus iso-
lates from cases of bovine mastitis in Brazil. Vet. Microbiol., 
67: 127-141.

14. Singh, R.S., Kumar, R. and Yadav, B.R. (2011) Distribution 
of pathogenic factors in Staphylococcus aureus strains iso-
lated from intra-mammary infections in cattle and buffa-
loes. Indian J. Biotechnol., 10: 410-416.

15. Khichar, V., Kataria, A.K. and Sharma, R. (2012) 
Characterization of Staphylococcus aureus of cattle mastitis 
origin for two virulence – Associated genes (coa and spa). 
Comp. Clin. Pathol., 23(3): 603-611.

16. Annemuller, C., Lammlera, C. and Zschock, M. (1999). 
Genotyping of Staphylococcus aureus isolated from bovine 
mastitis. Vet. Microbiol., 69: 217-224

17. Indrajulianto, S. (2000) Protein-A gene polymorphism of 
Staphylococcus aureus isolated from bovine and humans. 
Indones. J. Biotechnol., (12), 419-424.

18. Marques, V.F., de Souza, M.M.S., de Mendonca, E.C.L., 
de  Alencar, T.A., Pribul, B.R., Coelho, S.M.O. and Reinoso, 
M.L.E. (2013) Phenotypic and genotypic analysis of viru-
lence in Staphylococcus spp. and its clonal dispersion as 
a contribution to the study of bovine mastitis. Pesqui. Vet. 
Brasil., 33(2):161-170.

19. Suleiman, A.B., Kwaga, J.K.P., Umoh, V.J., Okolocha, E.C., 
Muhammed, M., Lammler, C., Shaibu, S.J., Akineden,  O. 
and Weiss, R. (2012) Macro-restriction analysis of 
Staphylococcus aureus isolated from subclinical bovine 
mastitis in Nigeria. Afr. J. Microbiol. Res. 6(33): 6270-6274.

20. Shakeri, F., Shojai, A., Golalipour, M., Alang, S.R., 
Vaez,  H. and Ghaemi, E.A. (2010). Spa diversity among 
MRSA and MSSA strains of Staphylococcus aureus in north 
of Iran. Int. J. Microbiol., 2010: 351397.

21. Nashev, D., Toshkova, K., Salasia, S.I., Hassan, A.A., 
Lammler, C. and Zschock, M. (2004) Distribution of viru-
lence genes of Staphylococcus aureus isolated from stable 
nasal carriers. FEMS. Microbiol. Lett., 233(1): 45-52.

22. Jakubczak, A., Szweda, P., Lukaszewska, K. and Kur, J. 
(2007) Molecular typing of Staphylococcus aureus isolated 
from cows with mastitis in the east of Poland on the basis 
of polymorphism of genes coding protein A and coagulase. 



Available at www.veterinaryworld.org/Vol.8/March-2015/24.pdf

Veterinary World, EISSN: 2231-0916 402

Pol. J. Vet. Sci., 10(4): 199-205.
23. Kurlenda, J., Grinholc, M. and Szweda P. (2010). Lack 

of correlation between X region spa polymorphism and 
virulence of methicillin resistant and methicillin sensi-
tive Staphylococcus aureus strains. Acta Biochim. Pol., 
57(1):  135-138.

24. Memon, J., Yang, Y., Kashif, J., Yaqoob, M., Buriro, R., 
Soomro, J., Liping, W. and Hongjie, F. (2013) Genotypes, 
virulence factors and antimicrobial resistance genes of 
Staphylococcus aureus isolated in bovine subclinical masti-
tis from Eastern China. Pak. Vet. J., 33(4): 486-491.

25. El-Sayed, A., Alber, J., Lammler, C., Jager, S., Wolter, W. 
and Castaneda-Vazquez, H. (2005) Comparative study 
on genotypic properties of Staphylococcus aureus iso-
lated from clinical and subclinical mastitis in Mexico. Vet. 
Mexico., 37(6): 165-179.

26. Bhanderi, B.B., Roy, A., Yadav M.M. and Joshi, C.G. 
(2009) PCR based detection of virulence associated genes 
of Staphylococcus aureus from clinical and subclinical 
bovine mastitis. R. Vet. J. Ind., I&II(5): 20-26.

27. Salem-Bekhit, M.M., Muharram, M.M., Alhosiny, I.M. and 

Hashim, M.E.S.Y. (2010) Molecular detection of genes 
encoding virulence determinants in Staphylococcus aureus 
strains isolated from bovine mastitis. J. Appl. Sci. Res., 
6(2):  121-128.

28. Momtaz, H., Tajbakhsh, E., Rahimi, E. and Momeni, (2011) 
Coagulase gene polymorphism of Staphylococcus aureus 
isolated from clinical and sub-clinical bovine mastitis. 
Comp. Clin. Pathol., 20: 519-522.

29. Kalorey, D.R., Shanmugam, Y., Kurkure, N.V., 
Chousalkar, K.K. and Barbuddhe, S.B. (2007). PCR-based 
detection of genes encoding virulence determinants in 
Staphylococcus aureus from bovine subclinical mastitis 
cases. J. Vet. Sci., 8 (2), 151-154.

30. Moroni, P., Pisoni, G., Vimercati, C., Rinaldi, M., 
Castiglioni, B., Cremonesi, P. and Boettcher, P. (2005) 
Characterization of Staphylococcus aureus isolated from 
chronically infected dairy goats. J. Dairy Sci., 88: 3500-3509.

31. Nathawat, P., Bhati, T., Sharma, S.K., Mohammed, N. and 
Kataria, A.K. (2013) Prevalence of Staphylococcus aureus 
in lactating goats with clinical mastitis and their antibiogram 
studies. Abah Int. J. Bioflux, 5(1): 32-37.

********



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


