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Objectives

• Determine the essential components required for the validation of 
qualitative and quantitative assays

• Understand each component of validation including precision, 
accuracy, linearity, and reference ranges

• Work through practical examples of point-of-care, hematology, and 
chemistry validations

• Navigate the Resources sections of the pSMILE website for validation 
tools and templates
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Agenda

• Introduction/Precision
• Accuracy
• Linearity, AMR, CRR
• Reference Ranges
• Questions and comments
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Main Elements of Validation

• Validation is the verification of:
• Precision
• Accuracy
• Linearity
• Analytical Measurement Range (AMR) & Clinical Reportable Range (CRR)
• Sensitivity & Specificity 

• FDA-approved/ non FDA-approved
• Reference Ranges
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Validate whenever there is a 
major change to the testing system

Change in 
Method/ 
Reagent

Major service 
change

Instrument 
moved/ natural 
disasters

 New 
instrument/ 
assay
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What is the first step?

• Make a plan for each instrument/method to be 
validated that includes:

• What exactly is being validated: instrument, method, 
kit name, analytes, etc.

• What type of samples will be used
• Reference method used 
• Acceptability criteria for each type of testing
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Example
Validation Plan

Templates 
available at 
psmile.org
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Precision
Precision is reproducibility: the ability of a measurement to 

be consistently reproduced
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How is precision measured?
• Coefficient of variation (CV)

• A statistical measure of the dispersion of data points in a 
data series around the mean. 

• Expressed as a percentage (%)

• Replication experiments are performed to estimate 
imprecision or random error
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Different Method Requirements

Precision

Qualitative
Methods

Quantitative
Methods
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When is Precision verification 
required for qualitative assays? 

1. If the qualitative results are derived from 
a quantitative value such as an OD.

AND

2. Manufacturer’s package insert describes 
precision specifications for the assay.
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Finding precision in package insert-
Qualitative assays
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How to verify precision for 
qualitative assays

Short Term/ Within Run/Intra-assay Precision 
• Samples: positive and negative controls  
• Testing: Run each level of control 20 times on the same run, if possible

Long term/Between Run/Inter-assay Precision
• Samples: positive and negative controls 
• Testing: Run each level of control at least once per day, but not more 

than 5 times per day, for a total of 20 runs
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Calculation and Acceptability – Qualitative Methods

1. Calculate the mean, SD, and CV of the numerical result 
(OD) for each level of control 

2. Compare your CV to the manufacturer’s CV
3. Lab CV should be ≤ manufacturer’s CV
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Qualitative Precision Example
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Results- Acceptable or Not?
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Precision for quantitative methods

• Precision verification is required 
for all quantitative methods
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Finding precision in package insert-
Quantitative assays

For Hematology instruments- also see operator’s manual
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• Two Levels: 
• Normal/Abnormal
• Hematology: Normal/High 

Abnormal

• Patient Samples or Quality Control 
Hematology Controls-
Low level control is not 

recommended
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How to verify precision for 
quantitative assays
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How to verify precision for 
quantitative assays

Short Term/ Within Run/Intra-assay Precision 
• Testing: run each level of control 20 times on the same run, if possible, 

or at a minimum within the same day

Long term/Between Run/Inter-assay Precision
• Testing: run each level of control at least once per day, not more than 5 

times per day, for a total of 20 runs
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1. Calculate mean, SD, and CV for each level using 
the 20 data points

2. Compare your CV to the manufacturer’s CV
3. Lab CV should be ≤ manufacturer’s CV
4. If Lab CV > manufacturer’s CV, compare to 25% 

or 33% of Total Allowable Error (TEa)

Calculation and Acceptability – Quantitative Methods
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Total allowable error (TEa) 

• Allowable error- the amount of error that can be 
tolerated without invalidating the medical 
usefulness of the analytic result

• pSMILE Recommendations for TEa are based on 
CLIA and are the same criteria used to evaluate 
EQA
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pSMILE Recommendations for TEa
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Quantitative Precision Example

25

AST- Roche Cobas

Between Day

Normal CV: 6.2%
Abnormal CV: 1.7%

Package insert

Approved and current. Effective starting 05-Dec-2023. RDP 517 (version 1.0) pSMILE Validation Presentation

 Blank copy 9579398. Last reviewed on 05-Dec-2023. Printed on 01-Feb-2024 9:00 AM (EST). Page 25 of 86



Important Note
• Precision experiments are performed to verify 

manufacturer’s claims

• Remember to verify precision first!
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Accuracy
Accuracy is the true value of a substance being measured. 

 Verification of accuracy is the process of determining that 
the test system is producing true, valid results.
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Different Method Requirements

Accuracy

Qualitative
Methods

Quantitative
Methods

Diagnostic  
Sensitivity and 

Specificity 

Regression 
Analysis
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 Determining Your Qualitative Reference Method 

• The ideal reference method is a similar instrument/method

• Choose between:

• An in-house reference method that has been previously validated and 

performing successfully on EQA

Ø Patient samples will be used

• EQA panels with known results

Ø EQA samples will be used

• Or a combination of both!
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Sample Criteria

Sample Number 
• 10 positive and 10 negative (or 10 of each 

expected result)

Other Considerations
• Rapid HIV tests: if using patient samples and 

method is non-FDA approved, may have 
additional confirmation requirements

• For urine hCG, manufacturer’s stated cut-off 
limit should be considered
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Diagnostic Sensitivity and Specificity 

• The performance of qualitative tests is most 
commonly described in terms of diagnostic 
sensitivity and specificity 

• Not to be confused with analytic sensitivity 
(lower limit of detection) and analytic specificity 
(interfering substances) that are another part of 
validation testing
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Compiling the Results

• Once testing is complete develop a contingency table that compares 
the results of the qualitative test being validated with the results of 
the reference method  

33
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Calculations and Acceptability

34

Diagnostic Sensitivity 
100 x [TP/(TP+FN)]   

Diagnostic Specificity 
100 x [TN/(FP+TN)]

Positive Agreement
100 x [TP/(TP+FP)]

Negative Agreement
100 x [TN/(TN+FN)]

• Use the table to calculate the following parameters and 
compare them to the manufacture's package insert
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Where to find the Manufacturer’s Claims 
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 Determining Your Quantitative Reference Method 

• The ideal reference method is a similar instrument/method

• Choose between:

• An in-house reference method that has been previously validated and 

performing successfully on EQA

Ø Patient samples will be used

• EQA panels or commercial standards with known results

Ø EQA or standard samples will be used

• Or a combination of both!
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Sample Criteria

• Sample Number 
• At least 20 specimens, 40 is preferable
• Tested in duplicate

• For quantitative testing it is important that your 
accuracy specimens span the AMR of the 
instrument 
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Statistics used for Accuracy 

Coefficient Correlation 
• The correlation coefficient (R) must be >0.975 

Slope 
• The slope should be close to one

Intercept
• The intercept should be close to zero
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Slope = 1.004
Intercept = 0.7
r = 0.9901

Glucose

Accuracy Data Evaluation
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Slope = 1.004
Intercept = 0.7
r = 0.9901

Glucose

Obviously not close enough…

Total Allowable Error for 
Glucose = 10% or 6 
mg/dL

There is no acceptable range, only ideals! 

Slope should be “close” to 1.000
Intercept should be “close” to 0.0
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o Error Index- Should be between -1.0 and 1.0

Total Error (TEa) limit lines

Glucose

X - Y
TEa For EACH X-Y pair

41
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More statistics used for Accuracy

Error Index 
• The “Error Index” measures the difference between 

the two methods as a ratio of the Total Allowable Error. 
 Y Y = New method
 X X =  Comparison method

• Acceptability Criteria - The Error Index is measured for 
each X-Y pair. 
 The Error Index must fall within -1 and 1
 For 95% of the specimens
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Slope = 1.004
Intercept = 0.7
r = 0.9901

Glucose

Accuracy Data Evaluation with Total Allowable Error Limits

Total Allowable Error 
for Glucose:

10% or 6 mg/dL
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How to Capture Accuracy Results

Document acceptability by filling in the table in your Validation Summary
• The correlation coefficient (R) must be >0.975 

• The Error Index must be between  -1 and 1 for 95% (19/20) of specimens

• Slope and intercept data should be reviewed for appropriateness

Analyze Total Allowable Error
Correlation 
Coefficient 

(R)

Linear 
Regression 
Statistics

Linear 
Regression 
Statistics

Error Index 
Range

% of Error 
Indices

-1.0 to 1.0

Acceptability

.
Expected
>0.975

Slope Intercept 
Expected
-1.0 to1.0

Expected
 ≥ 95%

ALT 5.0 U/L or 20% 0.999 1.039 1.299 -0.14 to 1.20 90% Unacceptable 

AST
5.0  U/L or 20% 0.987 -1.009 0.083 -0.24 to 0.35 100% Acceptable 
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Linearity
A quantitative analytical method is said to be LINEAR when 

measured results from a series of sample solutions are directly 
proportional to the concentration or activity in the test specimens
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LINEARITY

This means that a straight line 
can be used to characterize 
the relationship between 
measured results and the 
concentrations or activity 
levels

Assigned Values

M
ea

su
re

d 
Va

lu
es

0 200 400 600 800
0.000

100.000

200.000

300.000

400.000

500.000

600.000

700.000

800.000

Linear(Best Fit Line)
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Sample Criteria

• At least 5 samples that cover the 
reportable range

• The values should be equidistant from 
each other

• Material: 
• Quality control
• Calibrators 
• Commercial Linearity Standards Contact pSMILE 

for Sources
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Testing

• Test each sample in duplicate 
and average results

• Plot data immediately
• pSMILE Linearity Worksheet
• EP Evaluator
• Any Regression Analysis Program  

• Visually evaluate and correct any 
outliers!

Assigned Values
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100.00

200.00

300.00

400.00

500.00

600.00

700.00

800.00
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Data evaluation Intercept -3.587
Slope 0.907

Correlation Coefficient 0.9997

Assigned Values
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50% TEa Limit

1:1 Line

Linear(Best Fit Line)
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Acceptability Criteria

• The method is linear if the difference between the predicted Y 
and the measured Y is less than the allowable error for each 
specimen point

• The pSMILE Linearity spreadsheet and EP Evaluator will indicate 
“Pass” or “Fail” based on the above criteria
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Use 50% of TE LIMITS for 
Linearity

50% of TE = 
15% or 2.5 U/L
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Data Evaluation using pSMILE Worksheet
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How to Capture this in your Validation Report

56
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Analytical 
Measurement Range 

(AMR)
The AMR is the range of analyte values that a method can directly 
measure on the specimen without any dilution, concentration, or 

other pretreatment not part of the usual assay process 
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AMR Validation

• AMR validation is the process of 
confirming that the assay system 
will correctly recover the 
concentration or activity of the 
analyte over the AMR

• The manufacturer defines the AMR  
• It is the laboratory’s responsibility 

to verify it
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Sample Criteria

• Samples with an assigned or 
known value

• Quality control
• Calibrators 
• Commercial linearity standards
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Sample Preparation

• Dilute the lowest sample to 
verify the low end of the AMR

• The high end of the AMR will 
only be as high as the highest 
sample

Assigned Values
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Working Example

• Total Bilirubin
• Manufacturer 

AMR 0-25 mg/dL

• Allowable Error:
• 20% or 0.4 mg/dL
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Lower Limit Verification

• Need to verify 0 mg/dL 
• (Lower Limit AMR)

• TE is 20% or 0.4 mg/dL 
• (Whichever is greater)

• Need a standard within an assigned value from: 

Manufacturer’s 
AMR: 0 - 25

0 – 0.4 mg/dL
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Lower Limit Verification

• Bilirubin Lowest Standard Available
• Assigned Value: 0.6 mg/dL

• Subtract Total Error:

• If possible, dilute the standard to get within TE of the 
Lower Limit AMR

If you use this standard 
without dilution, this would 

be the lowest limit that 
could be accepted (after 

verification).0.6 – 0.4 = 0.2 mg/dL

Manufacturer’s 
AMR: 0 - 25
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Lower Limit Verification

• Dilute Standard 1:2 
• 0.6/2 = 0.3 mg/dL Assigned Value

• Determine the Acceptable Criteria:
• 0.3 ± 0.4 TE = 0–0.7 mg/dL

• Test the Standard:
• Example Test Result = 0.40 mg/dL

• Evaluate Acceptability
• 0.40 is within 0-0.7

Acceptable!  Verified 
lower limit AMR is 0 

mg/dL

Manufacturer’s 
AMR: 0 - 25
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Upper Limit Verification

• Need to verify 25 mg/dL 
• (Upper Limit AMR)

• TE is 20% or 0.4 mg/dL 
• (Whichever is greater)

• Need a standard within an assigned value from: 20 - 25 mg/dL

25 – 5 = 20 mg/dL

25 x 0.2 = 5.0 mg/dL

Manufacturer’s 
AMR: 0 - 25
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Upper Limit Verification

• Bilirubin Highest Standard Assigned Value: 
• 22.5 mg/dL

• Determine the acceptable Criteria:
• 22.5 ± 20% TE =

22.5 x 0.2 = 4.5 mg/dL

22.5 ± 4.5 =

Acceptable Limits for 22.5 Standard: 18 - 25

Your acceptability 
limit shouldn’t 

exceed the 
manufacturer’s 

limit!

18 – 27 mg/dL

Manufacturer’s 
AMR: 0 - 25

66

Approved and current. Effective starting 05-Dec-2023. RDP 517 (version 1.0) pSMILE Validation Presentation

 Blank copy 9579398. Last reviewed on 05-Dec-2023. Printed on 01-Feb-2024 9:00 AM (EST). Page 66 of 86



Upper Limit Verification

• Test the Standard:
• Example Test Result = 21.0 mg/dL

• Evaluate Acceptability
• 21.0 is within 18 – 25 mg/dL

Acceptable!  Verified Upper 
limit AMR is 25 mg/dL

Manufacturer’s 
AMR: 0 - 25
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Clinical Reportable 
Range (CRR)

The CRR is the range of analyte values that a method can report as 
a quantitative result allowing for specimen dilution, concentration 

or other pretreatment used to extend the direct AMR
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CLINICAL REPORTABLE RANGE

• How to determine 
what is appropriate:

• Manufacturer’s 
Recommendations

• Literature References

• Clinical Significance
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Determining a CRR

• The laboratory should establish a CRR that covers a 
range inclusive of Grade 4 Adverse Events on the 
DAIDS Toxicity Table without exceeding the 
manufacturer’s recommendations for dilution. 

LABORATORY

PARAMETER GRADE 1
MILD

GRADE 2
MODERATE

GRADE 3
SEVERE

GRADE 4
POTENTIALLY

LIFE-THREATENING

CHEMISTRIES Standard International Units are listed in italics 
Bilirubin (Total)

Adult and Pediatric 
> 14 days

1.1 – 1.5 x ULN 1.6 – 2.5 x ULN 2.6 – 5.0 x ULN > 5.0 x ULN

Infant†, ≤ 14 days
(non-hemolytic)

NA 20.0 – 25.0 mg/dL
342 – 428 µmol/L

25.1 – 30.0 mg/dL
429 – 513 µmol/L

> 30.0 mg/dL
> 513.0 µmol/L

Infant†, ≤ 14 days
(hemolytic)

NA NA 20.0 – 25.0 mg/dL
342 – 428 µmol/L

> 25.0 mg/dL
> 428 µmol/L
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How to Capture this in your Validation Report
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Analytical Sensitivity 
and Specificity 

Analytical Sensitivity is the lowest concentration of an 
analyte that can be measured (also called the Lower Limit 

of Detection). 
Analytical Specificity is the determination of the effect of 

interfering substances
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Analytical Sensitivity and Specificity

• Unmodified/FDA approved method:
• Refer to test package insert

• Modified/non FDA approved method:
• The laboratory must establish the lowest concentration that the method can 

accurately measure that is distinguishable from zero
• The laboratory must determine the effect of interfering substances
• Consult with the Networks for requirements and recommendations
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Reference Ranges
The range of test values expected for a designated 

population where 95% of the individuals are presumed to 
be healthy (or normal)
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1. Transference of reference ranges  (with verification)

2. Establishment of reference ranges

3. Transference of reference ranges (without verification)

How do you validate reference 
ranges?
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Transference with Verification

1. Select an established reference range from a 
population similar to your patient population

2. Select a pool of willing donors from your local area

3. Screen the donors with a questionnaire to ensure that 
you are selecting healthy individuals

4. Collect samples from 20 donors in each age/gender 
partition

5. Test samples immediately and evaluate

Manufacturer’s ranges may 
not be suitable for 

international laboratories
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Transference with Verification

1

2

3

4
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Establishment of Reference Ranges

1. Qualify healthy volunteers.  This can be done 
through a questionnaire or health assessment. 

2. Obtain samples from 120 healthy participants 
for each range to be established.  

3. Test each sample immediately after collection 
and evaluate.  
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Transference of Reference Ranges
without verification

• CLSI guidelines permit the “transference” of established 
reference intervals without verification.  

• Things to consider:
• Similarity of geographics and demographics.
• Similarity of test methodology.
• Sound clinical judgment and consultation with local medical 

professionals.
• Approval by the laboratory medical director is required and 

must be documented.
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Important points to consider
when using this approach

• The Medical Director is charged with the approval of reference 
ranges. 

• Documentation is required and needs to include at least: 
• 1) source and reasons for range adoption
• 2) written plan of review—including possible verification over 

time

• Usually only recommending for pediatric populations
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Example Validation 
Summary 

83

Organize & File:
• Plan
• Report
• Raw Data
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