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Abstract
Aim: The aim of this study was to investigate the prevalence of bovine tuberculosis (TB) and detection of Mycobacterium 
bovis in cattle from an organized dairy farm.

Materials and Methods: A total of 121 animals (93 females and 28 males) of 1 year and above were studied for the 
prevalence of bovine TB using single intradermal comparative cervical tuberculin (SICCT) test, bovine gamma-interferon 
(γ-IFN) enzyme immunoassay, and polymerase chain reactions (PCRs).

Results: Out of total 121 animals, 17 (14.04%) animals were positive reactors to SICCT test while only one (0.82%) animal 
for γ-IFN assay. By PCR, Mycobacterium TB complex was detected in 19 (15.70%) animals out of which 4 (3.30%) animal 
were also positive for M. bovis.

Conclusions: Diagnosis of bovine TB can be done in early stage in live animals with multiple approaches like skin test 
followed by a molecular technique like PCR which showed promising results.

Keywords: bovine gamma interferon assay, bovine tuberculosis, Mycobacterium bovis, Mycobacterium tuberculosis 
complex, polymerase chain reaction, single intradermal comparative cervical tuberculin test.

Introduction

Bovine tuberculosis (TB) is an important infec-
tious disease of cattle caused by Mycobacterium 
bovis, a member of the Mycobacterium TB com-
plex (MTC). Other members of MTC include MTB, 
M. bovis, Mycobacterium microti, Mycobacterium 
africanum, Mycobacterium canettii, Mycobacterium 
caprae, Mycobacterium suricattae, etc. Besides cat-
tle, it affects other domestic animals, wildlife, and 
also humans with worldwide annual losses to agricul-
ture of $3 billion [1-3]. The disease is worldwide in 
distribution and is reported from many countries of 
the world including India. It is estimated that 300,000 
people die from TB each year in India [4]. This zoo-
notic disease continues to have considerable economic 
and public health implications. Since both the species 
of Mycobacterium (MTB and M. bovis) pose a threat 
to health of animals and thereby capable of infecting 
humans and viz. (reverse zoonosis), detection of the 
bacteria in the early stage is needed.

Bovine TB in infected herd may occur due to 
the persistence of the microorganism in the environ-
ment [5] or because of its introduction in a previously 

free herd. Furthermore, indirect transmission due to 
the presence of infected goats in the farm could con-
tribute to the recirculation of bovine TB within the 
cattle herd [6,7]. The purchase of infected animals and 
the interaction with infected cattle or goats at com-
mon pastures could be the external sources of bovine 
TB [8]. Intradermal tuberculin test is recognized by 
the World Organization for Animal Health (OIE) as 
the primary screening test for detection of bovine TB 
in cattle [9]. The application of this test, supplemented 
with molecular techniques like polymerase chain 
reaction (PCR) help in the detection of the disease in 
infected or suspected animals.

Thus, this study was conducted to investigate 
the prevalence of natural infection of bovine TB and 
detection of M. bovis in cattle from an organized dairy 
farm. The study would help in the differentiation of 
the animals suffering from the pathogenic mycobacte-
ria and non-pathogenic mycobacterium. The animals 
suffering from pathogenic M. bovis can be segregated 
from the herd to prevent the spread of the disease.
Materials and Methods
Ethical approval

This study was approved by Animal Ethics 
Committee of Guru Angad Dev Veterinary and Animal 
Sciences University (GADVASU).
Number of animals

The study was conducted in Bathinda district of 
Punjab. This organized farm did not have previous 
records on animals with confirmed M. bovis infection 
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as the herd had not been previously skin tested. A total 
of 121 animals (93 females and 28 males) of 1 year 
and above were included in the study. 22 females were 
between 1 and 3 years of age, 39 were between 3 and 
5 years of age and 32 were above 5 years of age. Out 
of 93 females, 81 were Sahiwal breed of cattle and 12 
were crossbred.
Single intradermal comparative cervical tuberculin 
(SICCT) test

This test compares immune responses to M. bovis 
(bovine) and M. avium (avian) tuberculin in the cer-
vical region. All the animals were subjected to com-
parative cervical intradermal tuberculin test as per the 
guidelines from the World Organization for Animal 
Health (OIE). Briefly, the test was carried out in the 
middle third of the neck of each animal where avian 
tuberculin PPD-2500 (PPD-A) (Prionics) and bovine 
tuberculin PPD-3000 antigens (PPD-B) (Prionics) 
were injected (i.e., 0.1 ml of PPD) in two sites of neck 
12 cm apart. Skin thicknesses were measured with cal-
iper before and 72 h after PPD injections. The result 
is expressed as: (a) Positive reactor: Difference of the 
skin thickness at the injection sites is at least 4 mm 
greater, (b) negative reactor: No reaction to the bovine 
antigen or the difference of the skin thickness at the 
injection sites does not exceed 2 mm, while (c) incon-
clusive reaction: Reaction to both PPD-B and PPD-A 
exceeded 2 mm, but the difference between the bovine 
and avian reaction was <4 mm.
Bovine gamma-interferon (γ-IFN) enzyme immuno-
assay (EIA)

Blood samples were collected from jugular 
veins in commercially available sterile 10 ml hepa-
rinized tubes a day before SICCT was conducted. The 
immunoassay was performed according to the man-
ufacturer’s instructions. Briefly, in this test system, 
1.5 ml aliquots of heparinized blood was dispensed 
into individual wells of 24-well tissue culture plates 
and incubated with 100 μl each of stimulating anti-
gens (PPD-B and PPD-A) and PBS (non-stimulating 
control) for 16-24 h at 37°C in a humidified atmo-
sphere with 5% CO2. The plasma was then collected 
and assayed for γ-IFN production in duplicate using 
acommercially available EIA kit (Bovigam®, Prionics, 
The Netherland), and optical densities were measured 
on an ELISA plate reader (Multiskan, MTX Lab 
Systems, Inc., USA) at 450 nm.
Extraction and detection of DNA from blood samples

DNA was extracted from the blood samples by 
a modification of a QIAamp Blood and Tissue Kit 
(Qiagen). 1 ml of blood was taken and centrifuged at 
14,000 rpm for 15 min. The cell pellet was suspended 
in lysis buffer, and further DNA extraction was done 
as per the manufacturer’s protocol. DNA was eluted 
and stored at −80°C. PCR reactions were performed as 
per Hermans et al. [10] and Rodriguez et al. [11] with 
slight modification in a reaction mixture (25 μl) con-
taining 12.5 μl of Taq PCR master mix (Qiagen), 5 μl 

of DNA template and 0.2 μM of each primereg INS1 
(forward)5’- CGTGAGGGCATCGAGGTGGC-3’, 
(INS 2) (reverse)5’-GCGTAGGCGTCGGT-
GACAAA-3’ for MTC and JB21 (forward) 
5´-TCGTCCGCTGATGCAAGTGC-3´, JB22 
(reverse) 5´-CGTCCGCTGACCTCAAGAAAG-3´ 
for M. bovis. Along with sample DNA, a known pos-
itive control DNA (Genekam Biotechnology AG, 
Germany) and a negative control was also ampli-
fied. Thermal cycling was performed in T Gradient 
Thermocycler (Biometra, Germany) with the fol-
lowing cycling parameter for INS1 and INS2: 94 for 
5 min followed by 30 cycles of 1 min at 94°C, 1 min 
at 63°C and 1 min at 72°C followed by final extension 
of 7 min at 72°C. The cycling parameters for JB21 
and JB22 were: 94 for 5 min followed by 35 cycles 
of 1 min at 94°C, 1 min at 68°C and 1 min at 72°C 
followed by final extension of 10 min at 72°C and 
PCR products were run by agarose gel electrophoresis 
using 1.5% agarose gel and visualized in gel docu-
mentation system (Bio-Rad, CA).
Results
SICCT test and γ-IFN assay

Of 121 animals tested by SICCT test, 17 (14.04%, 
95% confidence intervals [CI] = 8.14-20.66) animals 
were positive reactors, 27 (22.31%, 95% CI = 14.88-
29.72) were inconclusive while 77 (63.63%, 95% 
CI = 55.06-72.2) were negative reactors. Among 17 
animals tested positive, 14 were Sahiwal females and 
3 crossbreed females. All males were negative. The 
prevalence of positive reactors in Sahiwal breed was 
17.28% (14 out of 81) and in crossbred it was 25% 
(3 out of 12). Only one (0.82%, 95% CI = 0.79-2.43) 
crossbreed animal was tested positive to γ-IFN assay.
Detection of MTC and M. bovis by PCR

PCR using primers INS1/INS2 was successfully 
amplified at target regions of 245 bps fragment diag-
nostic for MTBC in 19 (15.7%, 95% CI = 9.22-22.18) 
animals (16 Sahiwal, 3 crossbred) which include 
17 positive reactor and 2 inconclusive reactors by 
SICTT test. PCR using primers JB21/JB22 has ampli-
fied target regions of 500 bps fragment specific for 
M. bovis in 4 (3.3%, 95% CI = 0.12-6.48) Sahiwal 
breed of animals (Table-1). Agarose gel electropho-
resis of the products of genomic DNA from samples 
using primers specific for MTC and M. bovis are 
shown in Figure-1. The PCR result of the only posi-
tive γ-IFN sample was also positive for MTC.
Discussion

Diagnosis of bovine TB in live animals is pri-
marily based on the detection of specific cell-medi-
ated immune (CMI) responses (the skin test and γ-IFN 
assay) [12,13] which occur as early as 3 weeks post 
Mycobacterium infection in cattle [14]. Although cul-
ture is considered to be the “gold standard” for con-
firming TB, this procedure is slow and takes several 
weeks.
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In this study, skin test and γ-IFN test was con-
ducted as a routine bovine TB screening procedure 
in an organized dairy farm. The previous data about 
M. avium subsp. Para-TB or other infection with 
non-TB Mycobacterium species in the region was not 
taken into consideration. It was found that by SICCT 
test out of 121 animals, 17 (14.04%) animals were 
positive reactors, 27 (22.31%) were inconclusive 
while 77 (63.63%) were negative reactors. However, 
γ-IFN assay showed only one (0.82%) positive ani-
mal. Similar to this result, few reports are available 
regarding a small proportion of M. bovis-infected cat-
tle that are reactors to the skin tests are not detected by 
the γ-IFN test [15-17]. Breed wise higher prevalence 
of bovine TB among the crossbred animals than the 
Sahiwal cattle could be due to high production poten-
tial of crossbred animals and birth to a considerable 
number of young one, which is directly related to 
degree of stress on animals. Hence, the animal may 
succumb to active disease given such stress factors. 
Further by PCR, this animal was found positive for 
MTC but not for M. bovis. This may be due to the fact 
that the immune response to bovine TB is multifaceted 

and that diagnostic parameters are likely to perform 
differentially as disease progresses. Various factors 
such as age, animal genotype, the presence of inter-
current infections and possibly the virulence of the 
particular strain of M. bovis influenced the immune 
response, and therefore, the performance of CMI-
based diagnostic tests [18]. Further, this assay was 
found to be particularly useful in detecting cattle 
during the initial stages of cellular responses, which 
dominate early infection by M. bovis [18].

For the rapid and specific diagnosis of TB, 
PCR assays are the most promising alternative 
method [19,20]. PCR techniques offer high sensi-
tivity and have been successfully used for diagnos-
ing bovine TB in several types of naturally infected 
organic materials such as tissue, blood, and nasal 
exudates [21,22]. The most commonly used system 
is based on primers that amplify segments of the 
IS6110 element, particularly targeting 245 bps frag-
ments. In this study, IS6110 PCR was employed using 
specific primers (INS1/INS2) to amplify an insertion 
sequence IS6110of 245 bps in the MTC directly on 
DNA extracted from blood samples. The IS6110 PCR 
assay was positive in 19/121 (15.70%) animals which 
include 17 positive reactor and 2 inconclusive reac-
tors by SICTT test. This indicates that the samples 
were positive for MTC. There was a concordance of 
14.04% between PCR for MTC and SICCT test.

Further, to detect and distinguish M. bovis from 
other members of MTC, all the samples were amplified 
using specific primers JB21/JB22 which target 500 bps 
DNA fragment inside the RvD1Rv2031c genomic 
sequence. M. bovis was detected in 4/121 (3.30%) ani-
mals which were also positive for MTC. PCR assays 
using primers JB21/JB22 have been considered to be 
highly reliable in identifying M. bovis isolates, show-
ing 100% concordance with the conventional micro-
biological method [23]. Shah et al. [24] used a mul-
tiplex-PCR that allowed detection of a single product 
of 500 bp in M. bovis while MTB generated a single 

Table-1: Results of SICCT, γ-IFN assay and PCR.

Breed SICCT results (%) γ-IFN assay PCR for MTC (%) PCR for M. bovis (%)

Sahiwal breed female (n=81)
Positive 14 (17.28) - 16 (19.75) 4 (4.90)
Inconclusive 23 (28.39) -
Negative 44 (54.32) - - -

Crossbred female (n=12)
Positive 3 (0.25) 1 3 (25) -
Inconclusive 3 (0.25) -
Negative 6 (0.50) - - -

Male animal (n=28)
Positive - - - -
Inconclusive 1 (3. 57) - - -
Negative 27 (96.42) - - -

Total animal (n=121)
Total positive 17 (14.04) 1 (0.82) 19 (15.70) 4 (3.30)
Total inconclusive 27 (22.31) -
Total negative 77 (63.63) 120 (99.17)

M. bovis: Mycobacterium bovis, SICCT=Single intra-dermal comparative cervical tuberculin, IFN=Interferon, 
PCR=Polymerase chain reaction, MTC=Mycobacterium tuberculosis complex

Figure-1: Amplification of DNA from the samples using 
INS1/INS2 primers and JB21/JB22 (M: 100 bp plus 
molecular weight marker, L1: Negative control, L2: Positive 
control for Mycobacterium tuberculosis complex (MTC), 
L11: Positive control for Mycobacterium bovis, L3 and L4: 
Samples positive for MTC, L7, L8 and L10: Samples positive 
for M. bovis, L5, L6 and L9: Samples negative).
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product of 185 bp, with or without an additional prod-
uct of 500 bp. Lower detection of M. bovis has been 
reported by Sechi et al. [25], who reported that 13.3% 
(4/30) of M. bovis isolates failed to produce the 500-
bps fragment. By using the primers internalized in the 
insertion sequence IS6110, Sechi et al. [25] confirmed 
that the isolates that remained unidentified by JB21/
JB22 belonged to the MTC.

Thus, in this study both M. bovis and MTC were 
the aetiological agent for bovine TB. Many research-
ers stated that MTB (human TB) and M. caprae (goat 
TB) may also cause bovine TB. Further studies are 
required to identify the other member of MTC which 
is causing the disease in cattle.
Conclusions

The presence of M. bovis and other potential 
pathogenic mycobacteria in animal may raise con-
cerns regarding the zoonotic risk for humans, espe-
cially those living at the animal-human interface. 
Diagnosis of bovine TB can be done in early stage 
in live animals with a multiple approaches like skin 
test followed by molecular technique like PCR which 
showed promising results. This can lead to quick seg-
regation of infected animals; restrict transmission and 
rapid eradication of bovine TB in the country. Large-
scale studies are required for detection, control and 
eradication of bovine TB in the state.
Authors’ Contributions

GF conceptualized the aim of the study, designed, 
planned, and supervised the experiments and cor-
rected the manuscript. GF, VM and GDL performed 
the SICCT test, γ-IFN assay and molecular biology 
work. GDL and GF drafted the manuscript. AS pro-
vided conceptual support, and critically reviewed the 
manuscript. All authors read and approved the final 
manuscript.
Acknowledgments

The authors acknowledged Director Research, 
GADVASU for providing funds through Rashtriya 
Krishi Vikas Yojna for the study.
Competing Interests

The authors declare that they have no competing 
interests. 
References
1. Ayele, W.Y., Neil, S.D., Zinsstag, J., Weiss, M.G. and 

Pavlik, I. (2004) Bovine tuberculosis: An old disease but 
a new threat to Africa. Int. J. Tuberculosis Lung Dis., 8(8): 
924-937.

2. Grange, J.M. (2001) Mycobacterium bovis infection in 
human beings. Tuberculosis (Edinb), 81(1-2): 71-77.

3. Thoen, C.O., LoBue, P.A. and de Kantor, I. (2006) The 
importance of Mycobacterium bovis as a zoonosis. Vet. 
Microbiol., 112(2-4): 339-345.

4. TB India. (2012) Revised National TB Control Programme, 
Annual Status Report, New Delhi, India. Available from: 
http//www.tbcindia.nic.in/ [Accessed on 20-07-2015].

5. Courtenay, O., Reilly, L.A., Sweeney, F.P., Hibberd, V., 
Bryan, S., Ul-Hassan, A., Newman, C., Macdonald, D.W., 

Delahay, R.J., Wilson, G.J. and Wellington, E.M.H. (2006) 
Is Mycobacterium bovis in the environment important for 
the persistence of bovine tuberculosis? Biol. Lett., 2(3): 
460-462.

6. Napp, S., Allepuz, A., Mercader, I., Nofrarı´as, M., 
Lo´pez-Soria, S., Domingo, M., Romero, B., Bezos, J. 
and de Val, B.P. (2013) Evidence of goats acting as domes-
tic reservoirs of bovine tuberculosis. Vet. Rec., 172(25): 
663.

7. Zanardi, G., Boniotti, M.B., Gaffuri, A., Casto, B., 
Zanoni, M. and Pacciarini, ML. (2013) Tuberculosis trans-
mission by Mycobacterium bovis in a mixed cattle and goat 
herd. Res. Vet. Sci., 95(2): 430-433.

8. Okafor, C.C., Grooms, D.L., Bruning-Fann, C.S., 
Averill, J.J. and Kaneene, J.B. (2011) Descriptive epide-
miology of bovine tuberculosis in Michigan (1975-2010): 
Lessons learned. Vet. Med. Int., 2011: 13.

9. OIE. (2009) Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals. World Organization for Animal Health, 
Paris, France.

10. Hermans, P.W., Soolingen, D.V., Dale, J.W., 
Schuitema, A.R.J., Mcadam, R.A., Catty, D. and. 
Vanembden, J.A. (1990) Insertion element IS986 from 
Mycobacterium tuberculosis: A useful tool for diagno-
sis and epidemiology of tuberculosis. J. Clin. Microbiol., 
28(9): 2051-2058.

11. Rodriguez, G.M., Gold, B., Gomez, M., Dussurget, O. 
and Smith, I. (1999) Identification and characterization 
of two divergently transcribed iron regulated genes in 
Mycobacterium tuberculosis. Tuber. Lung. Dis., 79: 287-298.

12. De la Rua-Domenech, R., Goodchild, A.T., 
Vordermeier, H.M., Hewinson, R.G., Christiansen, K.H. 
and Clifton-Hadley, R.S. (2006) Ante mortem diagnosis 
of tuberculosis in cattle: A review of the tuberculin tests, 
gamma-interferon assay and other ancillary diagnostic tech-
niques. Res. Vet. Sci., 81(2): 190-210.

13. Gormley, E., Doyle, M.B., Fitzsimons, T., Mcgill, K. and 
Collins, J.D. (2006) Diagnosis of M. bovis infection in 
cattle by use of gamma-interferon (Bovigam®) assay. Vet. 
Microbiol., 112(2-4): 171-179.

14. Pollock, J.M., McNair, J., Welsh, M.D., Girvin, R.M., 
Kennedy, H.E., Mackie, D.P. and Neill, S.D. (2001) Immune 
responses in bovine tuberculosis. Tuberculosis (Edinb), 
81(1-2): 103-107.

15. Pollock, J.M., Welsh, M.D. and McNair, J. (2005) Immune 
response in bovine tuberculosis: Towards new strategies 
for the diagnosis and control of disease. Vet. Immunol. 
Immunopathol., 108(1-2): 37-43.

16. Praud, A., Boschiroli, M.L., Meyer, L., Garin-Bastuji, B. 
and Dufour, B. (2015) Assessment of the sensitivity of the 
gamma-interferon test and the single intradermal compar-
ative cervical test for the diagnosis of bovine tuberculosis 
under field conditions. Epidemiol. Infect., 143(1): 157-166.

17. Neeraja, D., Veeregowda, B.M., Rani, M.S., Rathnamma, D., 
Bhaskaran, R. and Leena, G. (2014) Comparison of sin-
gle intradermal test, gamma interferon assay and indirect 
ELISA for the diagnosis of tuberculosis in a dairy farm. 
Asian J. Anim. Vet. Adv., 9(9): 593-598.

18. Pollock, J.M. and Neill, S.D. (2002) Mycobacterium bovis 
infection and tuberculosis in cattle. Vet. J., 163(2): 115-127.

19. Serrano-Moreno, B.A., Romero, T.A., Arriaga, C., 
Torres, R.A., Pereira-Suarez, A.L. and Garcia-Salazar, J.A. 
(2008) High Frequency of Mycobacterium bovis DNA in 
colostra from tuberculous cattle detected by Nested PCR. 
Zoonoses Public Health., 55(5): 258-266.

20. Figueiredo, E.E.S., Silvestre, F.G., Campos, W.N., 
Furlanetto, L.V., Medeiros, L. and Lilenbaum, W. (2010) 
Detection of Mycobacterium bovis DNA in nasal swabs 
from tuberculous cattle by a multiplex PCR. Braz. J. 
Microbiol., 41(2): 386-390.

21. Coetsier, C., Vannuffel, P., Blondeel, N., Denef, J.F., Cocito, 
C. and Gala, J.L. (2000) Duplex PCR for differential 



Veterinary World, EISSN: 2231-0916 387

Available at www.veterinaryworld.org/Vol.9/April-2016/9.pdf

identification of Mycobacterium bovis, M. avium, and M. 
avium subsp. paratuberculosis in formalin-fixed paraf-
fin-embedded tissues from cattle. J. Clin. Microbiol., 38(8): 
3048-3054.

22. Gomez-Laguna, J., Carrasco, L., Ramis, G., Quereda, J.J., 
Gomez, S. and Pallares, F.J. (2010) Use of real-time and 
classic polymerase chain reaction assays for the diagnosis 
of porcine tuberculosis in formalin-fixed, paraffin-embed-
ded tissues. J. Vet. Diagn. Investig., 22(1): 123-127.

23. Rodriguez, J.G., Fissanoti, J.C., Del Portillo, P., 
Patarroyo, M.E., Romano, M.I. and Cataldi, A. (1999) 

********

Amplification of a 500-base-pair fragment from cultured 
isolates of Mycobacterium bovis. Eur. J. Clin. Microbiol. 
Infect. Dis., 37(7): 2330-2332.

24. Shah, D.H., Verma, R., Bakshi, C.S. and Singh, R.K. (2002) 
A multiplex-PCR for the differentiation of Mycobacterium 
bovis and Mycobacterium tuberculosis. FEMS. Microbiol. 
Lett., 214: 39-43.

25. Sechi, L.A., Dupre, I., Leori, G., Fadda, G. and Zanetti, S. 
(2000) Distribution of a specific 500-base-pair fragment in 
Mycobacterium bovis isolates from Sardinian cattle. J. Clin. 
Microbiol., 38(10): 3837-3839.



<<
  /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


