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Development of a CalibratorDevelopment of a Calibrator

 Why is a calibrator neededWhy is a calibrator needed

 How are standards and calibrators How are standards and calibrators 
developeddevelopeddevelopeddeveloped

 Our plan for anOur plan for an AspergillusAspergillus calibratorcalibrator Our plan for an Our plan for an AspergillusAspergillus calibratorcalibrator



Wh i lib t d d?Wh i lib t d d?Why is a calibrator needed?Why is a calibrator needed?

Experience with viral load testingExperience with viral load testing



Multicenter  Study:  CMV  Viral  Load  Testsy

• 12  samples
2 negati es (CMV se onegati e plasma)• 2  negatives  (CMV  seronegative  plasma)

• 7  samples - dilutions  of  purified  nucleocapsid  stock

• 3  clinical  samples  
• UL54  mutation  (not  ganciclovir  resistant)

UL97 mutation (ganciclovir resistant) and gB mutation• UL97 mutation  (ganciclovir  resistant) and  gB  mutation
• No  mutation

• 33  laboratories  in  USA, Canada, Europe
Pang et al. Am J Transplantation. 2009;9:258-268.

4



Multi‐Center  CMV  Study
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Why don’t the values agree?Why  don t  the  values  agree?

• Primers  and  probes  may  have  different  
efficiencies  of  amplification

• Extraction  method
V l f i d ( iti it )– Volume  of  specimen  used  (sensitivity)

• Use of different calibrators to determine VLUse  of  different  calibrators to determine VL
– International standards under development
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Why is this important?Why  is  this  important?

• Viral  load  values  are  used  to  determine  
when  to  begin  therapy  and  monitor  
response to therapyresponse  to  therapy

• Viral  load  values  don’t  agree  among  labs
• Determining  clinical  important  cutoffs  is  difficult

• If you change tests/labs there can be a• If  you  change  tests/labs  there  can  be  a  
very  big  impact  on  viral  load  values  and  
clinical  decisions
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Same test (same run) using the IAAM 
and Emory calibrators (standard curve)

Sample IAAM Emory Fold 

and Emory calibrators  (standard curve)

Number (ng/ul) (ng/ul) Difference

1 7.7 117.3 15.2

2 1.1 17.7 16.1

3 8 x10 -2 1.5 18.8

4 9 x10 -3 1.8 x 10 -1 20

5 9.1 x10 -4 1.9 x 10 -2 20.1

6 1.2 x 10 -4 3.0 x 10 -3 18.8

7 1.2 x10 -5 2.9 x10 -4 24.2



Fungal CalibratorFungal CalibratorFungal CalibratorFungal Calibrator

Variabilit bet een res lts from the t o testsVariabilit bet een res lts from the t o tests Variability between results from the two testsVariability between results from the two tests

 Likely more variability when more laboratoriesLikely more variability when more laboratories Likely more variability when more laboratories Likely more variability when more laboratories 
are includedare included

 Develop a material that allows comparison of the Develop a material that allows comparison of the 
performance of various testsperformance of various tests

LOD LOQ d ibilit li itLOD LOQ d ibilit li it•• LOD, LOQ, reproducibility, linearityLOD, LOQ, reproducibility, linearity



H I t ti l St d d D l dH I t ti l St d d D l dHow are International Standards DevelopedHow are International Standards Developed

WHO International Standards are recogni ed asWHO International Standards are recogni ed as WHO International Standards are recognized as WHO International Standards are recognized as 
the highest order standardsthe highest order standards

 WHO approves these standards, do not make themWHO approves these standards, do not make them
•• NIBSC in the UK CBER/FDA Paul Ehrlich InstNIBSC in the UK CBER/FDA Paul Ehrlich Inst•• NIBSC in the UK, CBER/FDA, Paul Ehrlich InstNIBSC in the UK, CBER/FDA, Paul Ehrlich Inst

 NIBSCNIBSC NIBSCNIBSC
•• Standardization of Genome Amplification Techniques Standardization of Genome Amplification Techniques 

((SoGATSoGAT))(( ))



The WHO Biological Standards ProcessThe WHO Biological Standards ProcessThe WHO Biological Standards ProcessThe WHO Biological Standards Process

•• Call for candidatesCall for candidates

•• The standard is producedThe standard is produced

•• Worldwide testingWorldwide testing
–– Tests available at the timeTests available at the time

•• Establishment of a value in IUEstablishment of a value in IU

•• Replenishment is made by comparing with the Replenishment is made by comparing with the 
previous standardprevious standard..pp



The WHO Biological Standards ProcessThe WHO Biological Standards Process

 SoGATSoGAT started with blood safetystarted with blood safety

 Developed the IS that are in global useDeveloped the IS that are in global use
HIVHIV 1 HCV HBV1 HCV HBV HIVHIV--1, HCV, HBV1, HCV, HBV

 Commercial tests are calibrated to the ISCommercial tests are calibrated to the ISCommercial tests are calibrated to the ISCommercial tests are calibrated to the IS

 Various manufacturers provide calibrators that Various manufacturers provide calibrators that 
t bl b k t th ISt bl b k t th ISare traceable back to the ISare traceable back to the IS

 Used in clinical laboratories Used in clinical laboratories 



The WHO Biological Standards ProcessThe WHO Biological Standards Process

 WHO standards are biological standardsWHO standards are biological standards WHO standards are biological standardsWHO standards are biological standards

 Consensus process for determining the Consensus process for determining the 
t tit ticoncentrationconcentration

 SoGATSoGAT expanded into clinical diagnostic testingexpanded into clinical diagnostic testingSoGATSoGAT expanded into clinical diagnostic testingexpanded into clinical diagnostic testing

 International standards used to assess accuracyInternational standards used to assess accuracy
 Define the bulls eye on the targetDefine the bulls eye on the target



Precision  versus  Accuracyy
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HCV International StandardHCV International Standard
 High titer HCVHigh titer HCV--positive donation (plasma, positive donation (plasma, 

genotype 1)genotype 1)genotype 1)genotype 1)
•• Diluted in Diluted in cryosupernatantcryosupernatant
•• Aliquots made and lyophilizedAliquots made and lyophilizedq y pq y p

 Tested in 22 laboratoriesTested in 22 laboratories
•• Commercial tests available at the timeCommercial tests available at the time
•• Laboratory developed testsLaboratory developed tests

 4 vials per lab, tested  4 independent assays 1 4 vials per lab, tested  4 independent assays 1 
week apartweek apartweek apartweek apart



HCV International StandardHCV International Standard
 Labs assayed tenLabs assayed ten--fold dilutions of the materialfold dilutions of the material

•• 1010--11 to 10to 10--77

 In 3 subsequent runs eight 0.5 log10 dilutions on In 3 subsequent runs eight 0.5 log10 dilutions on 
either side of the end point were testedeither side of the end point were testedeither side of the end point were tested either side of the end point were tested 

 Number of positive and negative results pooled for Number of positive and negative results pooled for gg
each laboratory (all 4 runs)each laboratory (all 4 runs)

Dil ti i i 63% iti lt hDil ti i i 63% iti lt h Dilution giving 63% positive results has a Dilution giving 63% positive results has a 
concentration of 1 copy per reactionconcentration of 1 copy per reaction

Estimate copies/mlEstimate copies/ml•• Estimate copies/mlEstimate copies/ml



WHO HCV Standard: The First Standard

Saldanha J, Heath A., Lelie N, and the WHO collaborative study group: Establishment of the first 
international standard for nucleic acid amplification technology assays for HCV RNA. Vox Sang 1999; 
76: 149-158



11stst HCV I t ti l St d dHCV I t ti l St d d11stst HCV International StandardHCV International Standard

 In addition to limiting dilution some labs provided In addition to limiting dilution some labs provided 
quantitative resultsquantitative resultsquantitative resultsquantitative results
•• This brings in bias of their calibratorThis brings in bias of their calibrator

 Consensus copy number was determinedConsensus copy number was determined



Results are expressed as mean log10 equivs/ml

Mean Range Number

Endpoint 1 5.01 3.06 25

E d i 2Endpoint 2
(removing 
outliers)

5.26 1.16 20
outliers)

Quantitative 5.82 1.09 8

Copy number established:  105 IU/ml
Vials contained 50,000 IUSaldanha J et al. Vox 

Sang 1999; 76: 149-158Sang 1999; 76: 149-158



WHO HCV Standard: Testing BB Relative to 
AA (BB became 2nd Int. STD)( )

Saldanha J, Heath A., Lelie N, and the WHO collaborative study group: Establishment of the first 
international standard for nucleic acid amplification technology assays for HCV RNA. Vox Sang 1999; 
76: 149-158



IAAM/IAAM/AsTECAsTEC Plan for Plan for AspergillusAspergillus

 Calibrator materialCalibrator material
•• Purified nucleic acid, rather than biological materialPurified nucleic acid, rather than biological material
•• Ultimately a biological standard is neededUltimately a biological standard is needed

 Will not evaluate the extraction methodWill not evaluate the extraction method

 IAAM purified nucleic acid from cultured IAAM purified nucleic acid from cultured A. A. fumigatisfumigatis
•• Grinding, PK digestion, protein Grinding, PK digestion, protein pptppt, ETOH , ETOH pptppt, , RNAaseRNAaseg g pg g p pppp pppp

treat, ETOH treat, ETOH pptppt
•• DNA is further purified on a low melt DNA is further purified on a low melt agaroseagarose gelgel

S d f i liS d f i li 00 CC•• Stored frozen in aliquots at Stored frozen in aliquots at --7070ooCC
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Limiting Dilution StudyLimiting Dilution StudyLimiting Dilution StudyLimiting Dilution Study

Dilution Number % Positive % PositiveDilution  
(x108)

Number 
Tested

% Positive 
Emory

% Positive 
IAAM

30 10 100 10030 10 100 100
10 10 100 80
3 10 100 803 10 100 80
1 10 90 80

0 3 10 20 500.3 10 20 50
0.1 10 20 20
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Limiting Dilution StudyLimiting Dilution StudyLimiting Dilution StudyLimiting Dilution Study

 ProbitProbit analysis: 63% positivity rate = 1 c/analysis: 63% positivity rate = 1 c/rxnrxn
 Emory 0.51 x 10Emory 0.51 x 10--88 and IAAM 0.90 x 10and IAAM 0.90 x 10--8 8 

 5ul/reaction for both, calculate concentration 5ul/reaction for both, calculate concentration 
of starting materialof starting material
 4.0 x 104.0 x 101010 copies/ml (Emory)copies/ml (Emory)
 2.2 x 102.2 x 101010 copies/ml (IAAM) copies/ml (IAAM) 

 1515--20 fold difference with calibrators 20 fold difference with calibrators 

2323



IAAM/IAAM/AsTeCAsTeC Plan forPlan for AspergillusAspergillusIAAM/IAAM/AsTeCAsTeC Plan for Plan for AspergillusAspergillus

 Start with a pilot studyStart with a pilot studyp yp y

 Limiting dilution study and quantification in a Limiting dilution study and quantification in a 
few laboratoriesfew laboratoriesfew laboratoriesfew laboratories

 Limiting dilutions studies require a high Limiting dilutions studies require a high 
volume of testing and dilutions will vary for volume of testing and dilutions will vary for 
each labeach lab

 Assess results and determine approachAssess results and determine approach
•• 15 to 20 laboratory study15 to 20 laboratory study



AspergillusAspergillus CalibratorCalibrator

 Long term stability studyLong term stability study Long term stability studyLong term stability study
•• Time 0, 1 month, 6 months, 1, 2, 5, yearsTime 0, 1 month, 6 months, 1, 2, 5, years
•• Five replicates at each time pointFive replicates at each time pointp pp p

 FreezeFreeze--thaw stability studythaw stability study
•• 0, 1, 2, 3, 5, 10 cycles0, 1, 2, 3, 5, 10 cycles
•• Five replicates per cycleFive replicates per cycle

Th t RT i t i RT f 20 i t f tTh t RT i t i RT f 20 i t f t•• Thaw at RT, maintain RT for 20 minutes, refreeze at   Thaw at RT, maintain RT for 20 minutes, refreeze at   
--7070ooC for at least 1 hourC for at least 1 hour



SummarySummarySummarySummary

 Goal is to develop a calibrator that can be used Goal is to develop a calibrator that can be used 

to compare the performance characteristicsto compare the performance characteristicsto compare the performance characteristics to compare the performance characteristics 

(LOD, LOQ, reproducibility, linear range) of (LOD, LOQ, reproducibility, linear range) of 

various molecular assays used to detect and various molecular assays used to detect and 

quantifyquantify aspergillusaspergillus DNA from clinical samplesDNA from clinical samplesquantify quantify aspergillusaspergillus DNA from clinical samplesDNA from clinical samples


