
Genesis Diagnostics Ltd, Eden Research Park, Henry Crabb Road, Littleport, Cambridgeshire CB6 1SE, UK. 
Tel: +44 (0)1353 862220   Fax: +44 (0)1353 863330   email: genesis@elisa.co.uk  web: www.elisa.co.uk 

Genesis is a subsidiary of Omega Diagnostics Group plc 

 
 

               
Tissue Transglutaminase IgA / IgG ELISA Kit 

Quantitative/qualitative assay for Tissue Transglutaminase antibodies 
Product code GD71 / GD72 (96 tests), 

GD71A/GD72A (48 tests), GD71/10 & GD72/10 (Bulk 10 Kit) 
 

For in vitro diagnostic use  
100108 

 
1. Intended use 
 
The Tissue Transglutaminase IgA / IgG kits are rapid ELISA methods for the 
detection of circulating IgA or IgG antibodies to tissue transglutaminase (t-Tg). The 
kits have been designed to use the same protocol and sample diluent as used in the 
Genesis anti-gliadin IgG and IgA kits.  The components of the kits are for in vitro 
diagnostic use only. 
 
2. Explanation of the Test 
 
Gluten-sensitive patients develop IgA and IgG antibodies to gliadin and to a 
component of the gut endomysium.  Recently, tissue transglutaminase, a calcium-
dependent enzyme that catalyzes the transamidation of specific polypeptide-bound 
glutamine residues, has been identified as the unknown endomysial antigen.  
Interestingly, gliadin is the preferred substrate for this enzyme creating antigenic 
neo-epitopes, which are thought to generate the immune response in genetically 
susceptible individuals. 
 
The immunological detection of autoantibodies to t-Tg is a useful tool in the 
diagnosis and follow-up of celiac disease.  The presence of autoantibodies to t-Tg 
closely correlates with the detection of anti-endomysial antibodies by indirect 
immunofluorescence.  The ELISA method allows economical and rapid screening of 
large numbers of individuals for the presence of latent or sub clinical disease. 
 
The assays use a recombinant human t-Tg preparation, which, in a number of 
studies, has been found to confer improved specificity over current guinea pig 
antigen based ELISAs. 
   
3. Principle of the test 
 
Diluted serum samples are incubated with human recombinant t-Tg immobilised on 
microtitre wells.  After washing away unbound serum components, rabbit anti-human 
IgA (or IgG) conjugated to horseradish peroxidase is added to the wells, and this 
binds to surface-bound antibodies in the second incubation. Unbound conjugate is 
removed by washing, and a solution containing 3,3’,5,5’-tetramethylbenzidine (TMB) 
and enzyme substrate is added to trace specific antibody binding. Addition of Stop 
Solution terminates the reaction and provides the appropriate pH for colour 
development.  The optical densities of the standards, controls and samples are 
measured using a microplate reader at 450nm.  Optical density is directly 
proportional to antibody activity in the sample.   
 

 Product Code 

Component GD71/72 
(48 Test) 

GD71/72 
(96 Test) 

Microplate 1 1 
Sample Diluent 1 x 10ml 1 x 10ml 
Wash buffer 1 x 100ml 1 x 100ml 
Enzyme Conjugate 1 x 6ml 1 x 12ml 
TMB Substrate 1 x 12ml 1 x 12ml 
Stop Solution 1 x 12ml 1 x 12ml 
Standards 1 x 0.5ml 1 x 1 ml 
Positive Control 1 x 0.5ml 1 x 1 ml 
Negative Control 1 x 0.5ml 1 x 1 ml 

 
4. Materials included in the kit 
 
• Microplate: 12 X 8 break-apart strips (96 tests) or 6 x 8 break-apart strips (48 

tests) pre-coated with recombinant human tissue transglutaminase, sealed in a 
foil bag with desiccant 

 

• Reagent 1:Sample Diluent 150mM Tris-buffered saline, pH 7.2 with 
antimicrobial agent,  (blue), concentrate (x15) 

 

• Reagent 2: Wash Buffer 100mM Tris-buffered saline with detergent, pH 7.2, 
concentrate (x10) 

 

• Reagent 3: Conjugate rabbit anti-human IgA (yellow) or anti-human IgG (red) 
conjugated to horseradish peroxidase in protein stabilising solution and 
antimicrobial agent, ready to use   

• Reagent 4: TMB Substrate aqueous solution of TMB and hydrogen peroxide,  
ready to use 

 

• Reagent 5: Stop Solution 0.25M sulphuric acid, ready to use 
 

• t-Tg IgA Standards: 0, 7, 25, 50 & 100 U/ml,  
 

• t-Tg IgG Standards: 0, 15,  50 & 100 U/ml 
Each standard vial contains 1ml or 0.5 ml (48 tests) of 10mM Tris-
buffered saline with human serum IgA / IgG antibodies to t-Tg, ready to 
use   
 

• Positive control: Each vial contains 1ml or 0.5 ml (48 tests) of 10mM Tris-
buffered saline containing human serum antibodies to t-Tg, ready to use.  

 

• Negative control: Each vial contains 1ml or 0.5 ml (48 tests) of 10mM Tris-
buffered saline containing normal human serum, ready to use.   

 

• Instructions for use 
 
 

5. Other equipment required 
 

1. Test tubes for dilution • graduated cylinder for preparing wash buffer • 
precision pipettes and disposable tips to deliver 10μl, 100μl, 1ml • EIA 
microplate washer or multi-channel pipette or wash bottle • distilled or 
de-ionised water • absorbent paper • EIA microplate reader with 450nm 
and optional 620nm reference filter.   Alternatively, a suitable automated 
system may be used. 

2. Instrumentation, whether manual or automated, should meet the 
following criteria: pipettes with better than 3% imprecision with no carry 
over between pipetting steps; microplate washers should remove 99% 
of fluid; automated machines should minimise time between washing 
and adding the next reagent. 

 
6. Precautions 
 
6.1 Safety Precautions 
 

1. All reagents in this kit are for in vitro diagnostic use only.   
2. Only experienced laboratory personnel should use this test.  The test 

protocol must be followed strictly.   
3. All human source material used in the preparation of standards and 

controls for this product have been tested and found negative for 
antibodies to HIV, HbsAg and HCV. No test method, however, can offer 
complete assurance that infectious agents are absent.  Therefore, all 
reagents containing human material should be handled as if potentially 
infectious.  Operators should wear gloves and protective clothing when 
handling any patient sera or serum based products. 

4. Reagents of this kit contain antimicrobial agents and the TMB Substrate 
solution contains 3,3’,5,5’-tetramethylbenzidine. Avoid contact with the 
skin and eyes.  Rinse immediately with plenty of water if any contact 
occurs. 

5. The Stop Solution contains 0.25M sulphuric acid.  Avoid contact with 
skin and eyes.  Rinse immediately with plenty of water if contact occurs. 

6. Any liquid that has been brought into contact with potentially infectious 
material has to be discarded in a container with a disinfectant.  Disposal 
must be performed in accordance with local legislation. 

 
6.2 Technical Precautions 
 

1. Strips and solutions should not be used if the foil bag is damaged or 
liquids have leaked. 

2. Allow all reagents and the microplate to reach room temperature before 
use.  Ensure that the microplate foil bag containing any unused strips is 
well sealed and contains the desiccant to avoid moisture.  Store at 2 – 
8oC after use. 

3. The sample diluent X15 concentrate contains 0.09% sodium azide as 
preservative.  Prepare sufficient working strength diluent for the assay 
run.  However, if the working strength diluent is to be stored for more 
than 1 week, add sodium azide (0.9g/L).  Store unused sample diluent 
concentrate and dilute sample diluent at 2 – 8oC.   

4. When automating, consider excess volumes required for setting up the 
instrument and dead volume of robot pipette 

5. Include the Positive and Negative Control in every test run to monitor 
for reagent stability and correct assay performance. 

6. Strictly observe the indicated incubation times and temperature. 
7. Ensure that no cross-contamination occurs between wells.  Keep all 

pipettes and other equipment used for Conjugate completely separate 
from the TMB Substrate reagent. 

8. When dispensing the Conjugate or TMB Substrate, aliquots for the 
required numbers of wells should be taken to avoid multiple entry of 
pipette tips into the reagent bottles.  Never pour unused reagents back 
into the original bottles. 

9. Do not allow microwells to dry between incubation steps. 
10. Strictly follow the described wash procedure.  Insufficient washing may 

cause high background signal. 
11. Avoid direct sunlight and exposure to heat sources during all incubation 

steps. 
12. Replace colour-coded caps on their correct vials to avoid cross-

contamination 
13. It is important to dispense all samples and controls into the wells without 

delay.  Therefore ensure that all samples are ready to dispense.   
 
7. Shelf life and storage conditions 
 
On arrival, store the kit at 2 - 8°C.   Once opened the kit is stable for 3 months (or 
until its expiry date if less than 3 months).  Do not use kits beyond their expiry date.   
Do not freeze any kit component.  The diluted Wash Buffer and Sample Diluent 
have a shelf life of 3 months (see Technical Precautions) if stored in a closed bottle 
at 2 – 8oC. 
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8. Specimen collection and storage 
 
Serum or plasma samples may be used and should be stored at -20°C for long-term 
storage.  Frozen samples must be mixed well after thawing and prior to testing. 
Repeated freezing and thawing can affect results.  Addition of preservatives to the 
serum sample may adversely affect the results.  Microbially contaminated, heat-
treated or specimens containing particulate matter should not be used.  Grossly 
haemolysed, lipaemic and hyperbilirubinaemic specimens should be avoided. 
 
9. Preparation of reagents 
 

1. Dilute the Sample Diluent (Reagent 1) 1:14 in distilled water to 
make sufficient buffer for the assay run e.g. add 10 ml sample 
diluent concentrate to 140 ml water. 

  
2. Dilute the Wash Buffer (Reagent 2) 1: 9 in distilled water to make 

sufficient buffer for the assay run e.g. add 50ml wash buffer 
concentrate to 450ml water. 

 
10. Assay Procedure 

 
1. Dilute patient samples 1:100 in diluted Sample Diluent (e.g. 10μl serum 

plus 1ml diluent). 
 
2. Assemble the number of strips required for the assay.  
 

3. For quantitative assays, dispense 100 μl of each Standard, the 
Negative and Positive Controls and the diluted patient samples into 
appropriate wells.    

 
For qualitative assays, dispense only the 7U/ml Standard for IgA or the 
15U/ml standard for IgG. 

 
4. Incubate for 30 minutes at room temperature.    
 
5. After 30 minutes, decant or aspirate the well contents and wash the 

wells 3 times using automated washing or the manual wash procedure 
(see below). Careful washing is the key to good results. Do not allow 
the wells to dry out. 

 
Manual Wash Procedure: 
Empty the wells by inversion. Using a multi-channel pipette or wash 
bottle, fill the wells with Wash Buffer.  Empty by inversion and blot the 
wells on absorbent paper.  Repeat this wash process 2 more times. 

 
6. Dispense 100μl of Conjugate (Reagent 3) into each well. Incubate the 

wells for 30 minutes at room temperature. 
 
7. After 30 minutes, discard the well contents and carefully wash the wells 

4 times with Wash Buffer.  Ensure that the wells are empty but do not 
allow to dry out.  

 
8. Using a repeating dispenser, rapidly dispense 100μl of TMB Substrate 

(Reagent 4) into each well. Incubate the plate for 10 minutes. 
 
9. Add 100μl of Stop Solution (Reagent 5) to each well. To allow equal 

reaction times, the Stop Solution should be added to the wells in the 
same order as the TMB Substrate.   

 
10. Read the optical density (OD) of each well at 450nm in a microplate 

reader within 10 minutes.   A 620nm filter may be used as a reference 
wavelength. 

 
11. Quality control 
 
Quality control data is supplied on the lot-specific QC certificate included in the kit.  
Controls are intended to monitor for substantial reagent failure.   
 
Any well positive by spectrophotometer but without visible colour should be cleaned 
on the underside and re-read.  If OD values below zero are observed, the 
wavelengths used should be verified, the reader re-blanked to air and the 
measurements repeated.  
 
12. Interpretation of Results 
 
Quantitative results 
 
Plot the optical density of each standard against its concentration and draw the best-
fit curve through the points.  Read the unknowns off this curve.  Patients with active 
celiac disease have values of t-Tg IgA above 7 U/ml.  Tg IgG level above 17U/ml is 
elevated.  Results between 15 – 17 U/ml are borderline.  IgG antibodies are not 
specific for celiac disease.    
 
After several weeks on a gluten free diet, t-Tg antibody levels may become normal. 
 
Normal reference ranges 
IgA    0 - 7 U/ml  
IgG   0 - 15U/ml  
 
Ideally, each laboratory should establish its own normal and pathological range.    
 
Qualitative results 
 
t-Tg IgA: Samples with ODs > than that of the 7U/ml standard are positive. 
t-Tg IgG: Samples with ODs > than that of the 15 U/ml standard are positive. 
 

 
13. Limitations of the Procedure  

 
1. Due to the high incidence of IgA deficiency in celiac disease, some 

patients may show false negative results.     
 
2. Results of this assay should be interpreted in conjunction with all 

available clinical information.  Diagnosis should not rely solely on the t-
Tg antibody results. 

 
14. Performance Characteristics 
 
56 samples from patients with known anti-endomysial antibody status, as 
determined by indirect immunofluorescence, were tested in the anti-t-Tg IgA ELISA.  
The performance characteristics of the assay, based on this study, are given in the 
table below. 
 

Sensitivity 100%
Specificity 100% 
Positive predictive value 100% 
Negative predictive value 100% 
Accuracy 100% 

 
15. Reproducibility for t-Tg IgG and t-Tg IgA ELISAs 
 
Intra-assay coefficient of variation < 5% 
Inter-assay coefficient of variation < 10% 
 

 
Method Summary 
 
• Dilute sera 1:100 with Sample Diluent (Reagent 1) 
• Dispense Standards as required, the Positive and Negative Controls and 

the diluted sample into the microplate wells 
• Incubate for 30 minutes at room temperature. 
• Wash the wells three times 
• Dispense 100μl of Conjugate (Reagent 3) into each well 
• Incubate at room temperature for 30 minutes 
• Wash the wells four times 
• Add 100μl of TMB Substrate (Reagent 4) to each well 
• Incubate at room temperature for 10 minutes 
• Add 100μl Stop Solution (Reagent 5) to each well 
• Read the optical density at 450nm (single wavelength) or 450/620nm (dual 

wavelength). 
 

 
Further reading 
 
Sblattero D et al (2000) Human recombinant tissue transglutaminase ELISA: an 
innovative diagnostic assay for celiac disease.  Am J Gastroenterol  95 (5),1253-7 
 
Sardy M et al (1999)  Recombinant human tissue transglutaminase ELISA for the 
diagnosis of gluten-sensitive enteropathy.  Clin Chem, 45 (12), 2142-9 
 
Dieterich, T et al (1998) Autoantibodies to tissue transglutaminase as predictors of 
celiac disease.  Gastroenterology, 115, 1317- 1321 
 
Sulkanen S et al (1998) Tissue transglutaminase autoantibody enzyme-linked 
immunosorbent assay in detecting celiac disease. Gastroenterology, 115:1332-1328 
 
Dieterich, T et al  (1997) Identification of tissue transglutaminase as the autoantigen 
of coeliac disease. Nature Medicine, 3(7), 797-801 
 
Sollid, M et al (1997) Autoantibodies in coeliac disease: tissue transglutaminase - 
guilt by association? Gut, 41, 851-852 
 
Maki, M (1997) Tissue transglutaminase as the autoantigen of coeliac disease Gut, 
41(4), 565-566 
 
Marsh, M N (1997) Transglutaminase, gluten and coeliac disease: Food for thought. 
Nature Medicine, 3 (7), 725-726 
 
 
 



<<
  /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


