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Abstract

Aim: The aim was to determine hemato-biochemical changes and rapid diagnosis of Theileria annulata in naturally infected
crossbred cows.

Materials and Methods: Blood samples from lactating crossbred cows (n=40) between 3 and 7 years of age and showing
clinical signs of tropical theileriosis were collected, with or without anticoagulant, and analyzed for tropical theileriosis by
direct smear, direct blood polymerase chain reaction (PCR) detection of merozoite-piroplasm surface antigen (Tams!1) gene
specific amplicon, estimation of hematological and biochemical parameters. Healthy crossbred cows (n=6), examined free
from hemoprotozoan infections were included as control.

Results: The infected crossbred cows revealed significantly (p<0.001) lower values of total erythrocytic counts (4.46+0.2
x 10%/uL), hemoglobin (Hb 6.025+0.39 g%), packed cell volume (17.05+1.1%), mean corpuscular volume (37.94+1.70 fL)
and mean corpuscular Hb (13.54+0.48 pg; p<0.002) compared with healthy control. The serum samples of infected cows
revealed profound (p<0.05) hyponatremia (Na 133.214+2.36 mEq/l) and hypocalcemia (Ca 8.39+0.34 mg%). Infected
crossbred cows showed a significant increase (p<0.05) of mean serum activity of alanine aminotransferase (61.45+13.36
U/L), aspartate aminotransferase (146.1+20.97 U/L), blood urea nitrogen (28.26+3.90 mg%), creatinine (1.55+0.13 mg%)),
direct bilirubin (0.33£0.04 mg%; p<0.001) and lactate dehydrogenase (3001.32+167.0 U/L; p<001). Blood direct PCR
revealed a 721-bp fragment amplified from the target gene encoding 30-kDa major merozoite surface antigen of 7. annulata
using specific primer pairs. This assay was positive for all the infected animals.

Conclusion: The assessments of hemato-biochemical parameters in 7. annulata infected crossbred cows may be useful in
understanding disease pathogenesis, prognosis and corrective measures for supportive therapy. Moreover, blood direct PCR
can reliably be used for rapid detection of 7" annulata in conjunction with microscopic examination.
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Introduction Diagnosis of clinical 7. annulata infection in
bovines is usually based on the detection of macro-
schizonts in lymphocytes and piroplasms in red blood
cells in stained lymph node biopsy and blood smears,
respectively. Serological tests such as indirect immu-
noflurescent antibody test (IFAT) have also been used

to detect circulating antibodies against antigens of

Tropical theileriosis, a tick-borne hemoproto-
zoan disease caused by Theileria annulata and trans-
mitted by Hyalomma spp., is one of the most devas-
tating blood parasites affecting crossbred cattle. It is
characterized by lymphadenopathy, splenomegaly,
fever, anemia, weakness and loss of body weight [1,2].

About 250 million cattle in many countries, including
Iran, Turkey, India, and China are at a risk of this dis-
ease, which is incurring heavy economic losses to the
livestock owners through mortality and loss in pro-
ductivity [3]. Much of the pathology in theileriosis
is due to intra-lymphocytic schizogony [4] and asso-
ciated alteration in biochemical and hematological
parameters [3,5].

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.

piroplasms and/or macroschizonts [6]. The cross-reac-
tivity with antibodies directed against other Theileria
species limits the specificity of IFAT [7]. Moreover,
antibodies tend to disappear in long-term carriers
although Theileria piroplasms persist. Hence, animals
with negative serological test but positive for 7. annu-
lata piroplasms can pose a major threat for crossbred
cattle. Molecular diagnostic assay with polymerase
chain reaction (PCR) has allowed the development of
sensitive diagnostic assay for 7. annulata [8].

The present study was aimed at determination of
hematobiochemical alterations and direct blood PCR
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detection of 7. annulata in naturally infected cross-
bred cows.

Materials and Methods

Ethical approval

Research review committee of Lala Lajpat
Rai University of Veterinary and Animal Sciences
(LUVAS), Haryana, the primary author’s institution,
approved the present study.

Sample collection

Lactating crossbred cows (3-7 years) brought to
out-patient department of LUVAS Regional Centre
at Uchani, Karnal during the period of July, 2012-
June, 2013 and showing clinical signs (Fever, ane-
mia, swollen lymph nodes, loss in body weight etc.)
similar to tropical theileriosis were included in the
present study. Crossbred cows (n=40) showing >5%
parasitemia constituted the infected group; whereas,
six healthy crossbred cows found free from hemo-
protozoan infections by microscopic examination,
and direct blood PCR assay were included in healthy
control group. The blood samples from infected and
healthy control groups were collected in vials with
or without anticoagulant (ethylenediaminetetraacetic
acid). Blood smears were prepared immediately after
collection from the anticoagulated blood, stained with
Giemsa stain and examined microscopically for the
presence of 7. annulata (Figure-1). Blood collected
in anticoagulant vials was used for hematological
examination and PCR assay. The coagulated blood
samples were centrifuged at 5000 rpm for 15 min and
the supernatant (serum) was collected for biochemical
estimations.

Estimation of hematological parameters
Approximately, 1.5 ml of blood sample collected
with anticoagulant was analyzed for hematological
parameters including haemoglobin (Hb g/dL), packed
cell volume (PCV %), total erythrocyte count (TEC x
10%/uL), total leukocyte count (TLC x 10°/uL) and dif-
ferential leukocyte count as per method described [9].
Mean corpuscular volume (MCV), mean corpuscular

Figure-1: Microscopic examination of giemsa stained blood
film showing T. annulata piroplasms in the erythrocytes.

hemoglobin (MCH) and mean corpuscular hemoglo-
bin concentration (MCHC) were calculated [10].

Biochemical assays

Total serum protein (TSP), glucose (Gl), calcium
(Ca), phosphorus (P), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase, lactate dehydrogenase (LDH), blood
urea nitrogen (BUN), creatinine (Cr), total bilirubin
(TBIL) and direct bilirubin (DBIL) were measured
by semi auto analyzer (3000 Evolution, Biochemical
Systems International, Italy) using commercial kits
(Siemens Healthcare Diagnostics Ltd. Baroda, India).
Sodium (Na) and potassium (K) levels of serum sam-
ples were determined by a micro-controller based
Flame Photometer-128 (Systronics, India).

Blood direct PCR

Blood direct PCR was performed by taking 2 ul
of whole blood sample and targeting a gene encoding
30-kDa merozoite-piroplasm surface antigen Tamsl
(Tamsl1) gene of T. annulata using specific primer
pairs (forward 5’-GTAACCTTTAAAAACGT-3’;
Reverse 5’-GTTACGAACATGGGTTT-3") as pre-
viously described [8]. Initially, PCR assay was stan-
dardized by using positive blood samples with >80%
parasitemia as per instruction of phusion blood direct
PCR kit (Thermo Fisher Scientific, India, Pvt. Ltd.).
For the validation of PCR assay and its detection sen-
sitivity, the same direct blood PCR was carried out
on blood samples of 20 7. annulata infected animals
having varying degree of parasitemia.

Briefly, PCR was carried out in a thermal cycler
(Veriti™, Applied Biosystem) with a final reaction
volume of 20 pl containing 2 pl of whole blood, 1 x
Phusion blood PCR buffer, 0.5 uM of each primer and
0.4 ul phusion blood II DNA polymerase. A negative
control without template (whole blood) was always
included to rule out PCR carryover. The PCR condi-
tions were initial denaturation at 98°C for 5 min; fol-
lowed by 35 cycles of 98°C for 2 s, 45°C for 30 s and
72°C for 30 s; with a final extension step of 72°C for
1 min. After completion of PCR, tubes were centri-
fuged at 1000 xg for 2 min to collect the clear super-
natant. PCR products (supernatant) were analyzed by
electrophoresis on 1.5% agarose gel, containing ethid-
ium bromide, and documented under gel documenta-
tion system (Gel Doc XR+, Bio-Rad) to confirm the
fragment sizes.

Statistical analysis

The differences of means of serum values
between 7. annulata infected and healthy control
groups were compared using Student’s t-test [11].
Statements of statistical significance were based on 1
and 5% level of significance.

Results and Discussion

The hematological values of 7. annulata infected
and healthy control crossbred cows have been pre-
sented in Table-1. The infected group showed
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Table-1: Hematological parameters of normal and T. annulata infected crossbred cattle.

Parameters Infected cows (n=40) Healthy control (n=6) Reference p value
Mean+SEM Range MeanSEM Range range ¥
Hb (g/dL) 6.025+0.39 2.0-10.0 10.566+0.41 9.5-12.4 8.0-15.0 0.000**
PCV (%) 17.05+1.1 6.0-29.0 30.5+0.34 30.0-32.0 24.0-46.0 0.000**
TEC (x108/pL) 4.46+0.20 2.11-7.10 7.28%0.16 6.72-7.89 5.0-10.0 0.000**
MCV (fL) 37.94+1.70 20.97-48.09 41.94+0.90 39.29-44.64 40.0-60.0 0.001**
MCH (pg) 13.5+0.48 9.48-16.03 14.48+0.26 13.96-15.71 11.0-17.0 0.002%*
MCHC (%) 36.71+0.84 32.14-43.75 34.61+1.06 31.67-40.0 30.0-36.0 0.194
TLC (x103%/pL) 6.99+0.32 4.4-12.9 6.03+0.51 4.60-7.60 4.0-12.0 0.147
Lymphocyte (%) 60.5+2.39 24.0-85.0 51.66%3.70 40.0-60.0 45.0-75.0 0.073
Monocyte (%) 1.65+0.12 0.00-3.0 1.00+0 0.0-2.0 2.0-7.0 0.000**
Neutrophil (%) 35.85+2.31 13.0-70 46.5+3.99 37.0-60.0 15.0-45.0 0.047*
Eosinophil (%) 2.0+0.16 0.00-4.0 1.0+£0.26 0.0-2.0 0-20.0 0.008*

*Infected and uninfected cattle significantly different at p<0.05. **Significant at p<0.001. ¥: Reference range adopted
from [23]. Hb=Hemoglobin, PCV=Packed cell volume, TEC=Total erythrocyte count, MCV=Mean corpuscular volume,

MCH=Mean corpuscular haemoglobin, MCHC=Mean corpuscular hemoglobin concentration, TLC=Total leukocyte count,
SEM=Standard error of mean, T. annulata: Theileria annulata

significantly (p<0.001) lowered values of TEC
(4.46+0.2), Hb (6.025 +0.39), PCV (17.05 +1.1)
MCV (37.94 £1.70) and MCH (13.5+0.48; p<0.002)
than healthy control animals indicating normocytic
hypochromic anemia. Similar findings have already
been reported [12,13] and normocytic hypochromic
anemia has found to be associated with theileriosis,
while normocytic normochromic anemia with babe-
siosis [14]. The main reason may probably because
of severe damage caused by the organisms inside the
red blood cells during their multiplication. The cows
of infected group also showed a significant increase in
monocytes (p<0.001), eosinophilic counts (p<0.008)
as well as a decrease (p<0.05) in neutrophilic counts
(Table-1). A slight non-significant (p>0.05) increase
of TLC and lymphocytic counts was observed in
infected crossbred animals. The changes in leuko-
gram might be attributed to persistent harmful effects
of toxic metabolites of Theileria on the hemopoietic
organs especially bone marrow and their interference
with the process of leukogenesis. Relative increase in
the number of lymphocytes and monocytes reflects
compensatory mechanism as target cells in response
to their invasion with 7Theileria protozoan [15]. The
lymphocytosis may be due to intra-lymphocytic thei-
lerial parasites transforming the host cells, leading to
clonal growth of lymphocytes [16].

Serum samples of 7. annulata infected cows
showed significantly lower (p<0.05) values of Na
(133.21£2.36) and Ca (8.39+0.34) than that of healthy
control; whereas, K level (4.07+0.13) was signifi-
cantly (p<0.05) higher than that of healthy group
(Table-2). A significant (p<0.05) increase in the activ-
ity of ALT (61.45+13.36), AST (146.1£20.97), BUN
(28.26+ 3.90) and Cr (1.55+0.13), was observed
in cows of infected group in comparison to healthy
control (Table-2). In addition, we also observed sig-
nificant (p<0.001) increase of DBIL (0.334+0.04) and
LDH (3001.32+167.0) levels in the infected group
(Table-2). In the present study, serum sodium lev-
els decreased in all the infected animals compared

with control group that is in accordance with recent
research finding [17]. Animals suffering from theile-
riosis generally display increase in activity of ALT,
AST, TBIL, BUN and icterus index, with a decrease
in TSP [18]. Hypocalcaemia and hyponatremia in
Theileria infected cows are probably due to decreased
dietary intake, intestinal malfunction, and kidney
damage whereas increased serum activities of AST
and ALT are closely associated with hepatic injury
caused by the protozoa [19]. Furthermore, a signifi-
cant increase in the serum AST and ALT activities
may also be due to muscle trauma caused by pro-
longed clinical recumbency in theileriosis [20]. In the
present study, we observed a significant (p<0.001)
increase of LDH activity in the infected group. This
may probably be due to tissue damage of liver and
kidneys resulting from infected lymphoid cells [19].
Hematological and sero-biochemical alterations are
the indicators of severity of disease and are consid-
ered to be good tools for the diagnosis, prognosis for
effective therapy [21,22].

The direct blood PCR assay in the present inves-
tigations produced one 721-bp fragment, pertain-
ing to merozoite-piroplasm surface antigen Tamsl
(Tams1) gene of 7. annulata and clearly visible on
gel (Figure-2). The fragment was further confirmed
by sequencing. The animals confirmed positive by
stained blood smears were found to be positive with
direct blood PCR assay, thus confirming its utility in
rapid diagnosis for detection of 7 annulata with high
specificity and sensitivity.

Conclusion

From the findings of present study, it can be con-
cluded that the observed changes in hematological and
biochemical values in 7. annulata infected crossbred
cows are useful in understanding disease pathogene-
sis, prognosis and corrective measures for supportive
therapy. The blood direct PCR can reliably be used
for rapid detection of 7. annulata in conjunction with
microscopic examination.
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Table-2: Biochemical parameters of normal and T. annulata infected crossbred cattle.

Parameters Infected cows (n=40) Healthy control (n=6) p value
Mean*SEM Range MeantSEM Range
Ca (mg/dL) 8.39+0.34 2.6-12.0 9.21+0.11 9.0-9.7 0.026*
P (mg/dL) 4.,98+0.22 2.7-8.9 4,51+0.21 4.0-5.4 0.137
Na (mEq/L) 133.21+2.36 84.34-156.4 143.05+2.30 138.06-152.9 0.007*
K (mEg/L) 4.07+0.13 2.52-5.57 3.47+0.36 3.06-4.03 0.009*
ALT (U/L) 61.45+13.36 15-506 27.66+3.52 18.0-42.0 0.018*
AST (U/L) 146.1+£20.97 23-564 84.66+1.36 80.0-89.0 0.006*
GGT (U/L) 38.17+5.01 10-141 33.16%3.25 20.0-41.0 0.408
Glucose (g/dL) 54.79+2.95 16.7-89.6 48.71+£2.59 41.3-59.0 0.136
TSP (g/dL) 7.19+0.27 1.6-10.9 7.12+0.29 6.0-7.8 0.849
BUN (mg/dL) 28.26+3.90 8.5-146.9 17.38+1.18 12.9-21.5 0.009*
Cr (mg/dL) 1.55+0.13 0.4-5.4 0.73+0.19 0.4-1.7 0.006*
TBIL (mg/dL) 0.77+0.09 0.1-2.8 0.67+0.18 0.2-1.2 0.609
DBIL (mg/dL) 0.33+0.04 0.0-0.9 0.16+0.02 0.1-0.2 0.000**
LDH (U/L) 3001.32+167.0 1800-6640 1111.33+52.30 900-1214 0.000**

*Infected and uninfected cattle significantly different at p<0.05. **Significant at p<0.001. Ca=Calcium,
P=Phosphorus, Na=Sodium, K=Potassium, TSP=Total serum protein, ALT=Alanine aminotransferase,
AST=Aspartate aminotransferase, GGT=Gamma-glutamyltranspeptidase, BUN=Blood urea nitrogen, Cr=Creatinine,
TBIL=Total bilirubin, DBIL=Direct bilirubin, LDH=Lactate dehydrogenase, SEM=Standard error of mean, T.

annulata: Theileria annulata

721bp

Figure-2: Detection of 721 bp amplified DNA from
T. annulata infected blood samples using direct blood
polymerase chain reaction method and resolved in a 1.5%
agarose gel. M: 100 bp DNA ladder; Lane 1: Positive control
(where 280% red blood cells were infected); Lane 2-5 and
7: samples with various degree of parasitaemia; Lane 6:
Negative control.

Authors’ Contributions

AG, SSC and IG designed the study. AG and
VB conducted the laboratory analysis. AG and SSC
analyzed the data. RSB and HS clinically diagnosed
the animal for theileriosis. AG and IG drafted the
manuscript. All authors read and approved the final
manuscript.

Acknowledgments

The authors express their sincere sense of grati-
tude to the Vice Chancellor, LUVAS, Hisar for provid-
ing research facilities and financial support.

Competing interests
The authors declare that they have no competing
interests.

References

1.

10.

11.

12.

Omer, O.H., EI-Malik, K.H., Mahmoud, O.M,,
Haroun, E.M., Hawas, A., Sweeney, D. and Magzoub, M.
(2002) Hematological profiles in pure bred cattle natu-
rally infected with Theileria annulata in Saudi Arabia. Vet.
Parasitol., 107: 161-168.

El-Deeb, W.M. and Younis, E.E. (2009) Clinical and bio-
chemical studies on Theileria annulata in Egyptian buf-
faloes (Bubalus bubalis) with particular orientation to
oxidative stress and ketosis relationship. Vet. Parasitol.,
164: 301-305.

Razmi, G.R., Hossini, M., Aslani, M.R. (2003) Identification
of tick vectors of ovine theileriosis in an endemic region of
Iran. Vet. Parasitol., 116(1): 1-6.

Morrison, W.I., Goddeeris, B.M., Brown, W.C,,
Baldwin, C.L. and Teale, A.J. (1989) Theileria parva
in cattle: Characterization of infected lymphocytes
and the immune response they provoke. Vet. Immunol.
Immunopathol., 20: 213-237.

Radostits, O.M., Gay, C.C., Hinchcliff, K.W. and
Constable, P.D. (2007) Veterinary Medicine. 10" ed. W.B.
Saunders Co., Philadelphia, USA. p407-8, 1526-7.

Pipano, E. and Cahana, M. (1969). Fluorescent antibody test
for the serodiagnosis of Theileria annulata. J. Parasitol.,
55(4): 765.

Burridge, M.J., Brown, C.G.D. and Kimber, C.D. (1974)
Theileria annulata: Cross reactions between a cell culture
schizont antigen and antigens of East African Theileria spe-
cies in the indirect fluorescent antibody test. Exp. Parasitol.,
35:374-380.

D’oliveira, C., Van der Weide, M., Habela, M.A., Jacquiet,
P. and Jongejan, F. (1995) Detection of Theileria annulata in
blood samples of carrier cattle by PCR. J. Clin. Microbiol.,
33(10): 2665-2669.

Schalm, O.W., Jain, N.C. and Carrol, E. (1975) Veterinary
Haematology. 3rd ed. Lea and Febiger, Philadelphia, USA.
p160-210.

Coles, E.H. (1986) Veterinary Clinical Pathology.
4" ed. W.B. Sanders Company, Pliladelphia.

Snedecor, G.W. and Cochran, W.G. (1994) Statistical
Methods. 9" ed. Oxford and IBH Publishing Co., New Delhi.
Hasanpour, A., Moghaddam, G.A. and Nematollahi, A.
(2008) Biochemical,hematologicaland Electrocardiographic
changes in buffaloes naturally infected with Theileria annu-
lata. Korean J. Parasitol., 46: 223-227.

Veterinary World, EISSN: 2231-0916

27



Available at www.veterinaryworld.org/Vol.8/January-2015/5.pdf

13.

14.

15.

16.

17.

18.

Khan, I.A., Khan, A., Hussain, A., Riaz, A. and Aziz, A.
(2011) Hemato-biochemical alterations in crossbred cattle
affected with bovine theileriosis in semiarid zone. Pak. Vet.

Biochemical, hematological studies in cattle naturally
infected with Theileria annulata. Bull. Environ. Pharmacol.
Life Sci., 2(9): 07-10.

J., 31(2): 137-140. 19.  Forsyth, LM.G., Minns, F.C., Kirvar, E., Adamson, R.E.,
Ibrahim, A.K., EL-Behairy, A.M., Mahran, K.A. and Awad, Hall, F.R., McOrist, S., Brown, C.G.D. and Preston, P.M.
W.S. (2009) Clinical and laboratory diagnosis of piroplas- (1999) Tissue damage in cattle infected with Theileria
mids in naturally infected cattle. Egypt. J. Egypt. Vet. Med. annulata accompanied by metastasis of cytokine-produc-
Assoc., 69(2): 191-203. ing, schizont-infected mononuclear phagocytes. J. Comp.
Lamia, Abo-EL-Hassan, M. (1997) Clinico-pathological Pathol., 120: 39-57.
study of Theileriosis in New valley. M.V.Sc. Thesis, 20. Sandhu, G., Grewal, A., Singh, A., Kondal, J., Singh, J. and
Department of Animal Pathology and Clinical Pathology, Brar, R. (1998) Haematological and biochemical studies
Faculty of Veterinary Medicine, Assiut University, on experimental Theileria annulata infection in cross-bred
Egypt. calves. Vet. Res. Commun., 27: 15-25.
Yamaguchi, T., Yamanaka, M., lkehara, S., Kida, K., 21.  Col, R. and Uslu, U. (2007) Changes in selected serum
Kuboki, N. and Mizuno, D. (2010) Generation of IFN-Y components in cattlenaturally infected with Theileria annu-
producing cells that recognize the major piroplasm sur- lata. Bull. Vet. Inst. Pulawy., 51: 15-18.
face protein in Theileria orientalis infected bovines. Vet. 22. Nazifi, S., Razavi, S.M., Reiszadeh, M., Esmailnezhad, Z.
Parasitol., 171(3-4): 207-215. and Ansari-Lari, M. (2010) Diagnostic values of acute
Mehmet, T., Altug, N. and Yiiksek, N. (2014) Relationship phase proteins in Iranian indigenous cattle infected with
between degree of anemia and blood gases in cattle with Theileria annulata. Vet. Arhiv., 80: 205-214.
theileriosis. Turk. J. Vet. Anim. Sci., 38: 82-87. 23.  Jain, N.C. (1993) Essentials of Veterinary Hematology. Lea
Tehrani, A.A., Hosseini, E. and Bahrami, A.M. (2013) & Febiger, Philadelphia, USA.

soskoskoskoskoskoskok

Veterinary World, EISSN: 2231-0916

28




<<
  /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


