
Week 17 and 21 –  Comparing two assays and Measurement of Uncertainty 

 

  

Questions: 

 

1)  You are planning to replace your dsDNA assay (currently RIA) with an ALBIA 

based method (you have been given a second hand instrument from another lab). 

You run 10 samples in parallel.  

 

How would you compare these assays? What do you need to consider about your 

data before choosing an appropriate statistical method? 

 

There are a  number of ways to compare the assays. Visually using a scatter plot  or 

a difference plot (Bland Altman is a type of difference plot) 

You can compare them statistically using linear regression, kappa statisitcs, 

percentage agreement or chi-squared.  

 

You need to determine the nature of your data to determine which method you can 

apply to your results – eg are the variables continuous, ordinal or nominal? 

 

Linear regression 
Plot variable X against variable y. The line of best fit is drawn which minimizes the 

sum of the squared distance between the points and the line 

 

2.4.1.4. Explain tools used to compare the performance of two assays, including  

2.4.1.4.1. Linear regression��

2.4.1.4.2. Bland-Altman plots��

2.4.1.4.3. Kappa statistic  

2.4.1.4.4. Chi-squared analyses� 

 

Measurement of Uncertainty (MOU)  

2.4.3.1. Explain the principles behind theMOU��

2.4.3.2. Determination the MOU in appropriate assays��

2.4.3.3. Explain the clinical relevance of MOU in specific assays with regard to 

patient monitoring  



 
 

The equation of the line is given as y = ax +b (a = slope, b = intercept) 

 

Coefficient of determination (r2; r = correlation coefficient) 
 
Determines the strength of the relationship between the two variables  

 

Example: 

 
 

 

  



 
 
In this example – the sum of the squared deviations of the predicted Y (using line of 

best fit is 10.8 which is 10% of 108 – therefore 90% of the variation of y is accounted 

for by x. Therefore r
2
= is 0.9 

 

Chi squared test 
The Chi squared test for independence sets up a null hypothesis, being that there is 

no relationship between two assays. Under this assumption, there should be no clear 

relationship between categorisation of samples as being positive or negative. This is 

used to generate an expected value for each cell of a 2x2 contingency table. This 

value is subtracted from the observed value and the square of the difference used to 

generate a test statistic which is then compared to the Chi squared distribution. If the 

observed values deviate sufficiently from the expected values, then the null 

hypothesis is rejected and the alternative hypothesis is accepted i.e. that the 

classification of samples is not independent. This suggests an agreement between 

two different assays.  

 

Kappa statistic 
See question 4 

 

2) You plot your data using a scatter plot. You are very pleased with the results!! 

What is the difference between correlation and agreement? How could a bias be 

relevant in this context? 

 

 

Correlation tells you whether there is a relationship between the two results (ie they 

increase/decrease proportionally) – however they may not agree (ie give the same 

result) – there may be a bias. Perfect correlation occurs if all points are along a 

straight line but perfect agreement if all points along the line of unity 

 

Perfect agreement suggests that they give the same result and they are 

interchangeable. If the bias is constant between the two assays, it may be 

reasonable to adjust for it, to provide agreement  

 



 
 

 

 

 

3) What is a Bland Altman plot? Explain how you would construct this for your 

dsDNA data. What are the advantages of plotting your data this way (compared to 

the method above) 

 

Bland Altman plots chart provide useful information on assay bias. If x represents the 

values obtained on one test, and y represents the values obtained by another test, 

Bland Altman plots can be represented by (x+y/2, x-y). From these values the 

following can be calculated  

. a)  The mean of the differences between each assay (i.e. bias) � 

. b)  The 95% confidence limits of the differences (i.e. where 95% of the 

differences will lie) � 
By the Bland Altman method, the two tests are then interchangeable if the following 

conditions are satisfied  

. a)  There is no obvious relation between the difference and the mean of the 

two assays (i.e. the y value stays relatively constant for any x value) � 
. b)  The magnitude of the variability in the difference between the two assays 

is not clinically important � 
NB. The presence of systematic bias is not problematic, as this value may be 

subtracted from the results provided by the new method if required.  

RIA	

ALBIA	



 
 

4) Comment on the following plots 

 

a) 

RANDOM BIAS 

 

 

 
 

 

 

 

 

 

b) Proportional bias 

 



 
 

 

C) Constant  

 
 

 

 

Which of these would you be willing to tolerate if your were changing your assay? 

Constant bias 

 

 

4) Calculate (or explain how you would calculate) the kappa statistic for the following 

data: 

 

The kappa statistic quantifies percentage agreement but corrects for the agreement 

that would be expected due to chance. It is used for nominal/categorical variables 



 
 

The kappa statistic is typically used to quantitate agreement between raters on a 

categorical variable. Based on chance alone, concordance would between two raters 

or tests on a categorical variable would be 50%. The kappa statistic attempts to 

provide a less biased quantitation of agreement.  

 

The formula for the kappa statistic is given by:  

 

k = po-pe/1-pe  

 

where po is the observed agreement (as a proportion) and pe is the expected 

agreement. This can be defined as the probability that raters will agree on ratings 

purely by chance.  

 

In this example, po is given by the�(number of ratings that agree)/(total ratings) = 

(20+15)/50 = 0.7.  

pe is given by the probability that the assays will both provide a ‘Pos’ rating by 

chance + the probability that the assays will provide a ‘Neg’ rating by chance = 0.5 x 

0.6 + 0.5 x 0.4 = 0.5.  

Therefore, the kappa statistic is 0.7-0.5/1-0.5 = 0.4.�The kappa statistic varies 

between 0 & 1, where 1 is considered to indicate perfect agreement.  

, 

 

5) (Aspects taken shamelessly from the RCPA case studies) 

Jessica a 33 year old female presents to her immunologist for follow up of her SLE. 

She has been on plaquenil for the last 12 months. Recently she has been feeling 

fatigued and reporting increased joint pain but this occurs in the context of a recent 

viral illness. Her last dsDNA performed 1 month prior was 5 IU/mL (RR <7). A repeat 

test taken 3 days ago shows a value of 9 IU/mL. Both samples were performed in 

the same laboratory using the same methodology. 

 

a) Are these values different from each other? What is meant by measurement of 

uncertainty? Ideally, how should this be calculated ?  

No – this variation may be accunted for the level of uncertainty in the assay. MoU is 

a quantitative estimate of a range where the true value may lie (usually 95% CI) 

based on the numerous sources of uncertainty in performance of the assay.  

 

Calculated MoU is a four step process 

1) defining what will be measured 



2) identifying all sources of uncertainty (pre analytical, analytical and post 

analytical) 

3) quantifying the uncertainties of each of these sources 

4) calculating the combined uncertainty  

 

b) What do we do in reality? 

We perform a best estimate of MoU using the CV of QC material (usually at least 30 

runs). If these are done over a sufficient period of time, with different operators, 

under different conditions, this will usually encompass the different sources of 

uncertainty. The CV is multiplied by a coverage factor (2 or 2.77 depending on what 

you are trying to determine) to give MoU 

 

c) Which of the following assays would we be expected to calculate an MU? 

i) ANA pattern 

ii) total IgE levels 
iii) paraprotein quantitation 
iv) oligoclonal bands/isoelectric focussing 

 

d) what are sources of uncertainty that may affect this result? 

Pre analytical 
Differences in patient preparation, specimen collection, transport/storage, 

preparation of primary sample 

Analytical  
Uncertainty of the calibrator value and dispensed volumes, reagent and calibrator 

batch variations, equipment aging and maintenance , changing operators, 

environmental fluctuations 

 

Post analytical 
Reporting with appropriate number of significant figures etc 

 

e) Your MU calculations show a CV of 20% at low level 6-12 IU/ml and a CV of 35% 

at >150 

Are her initial values different? No 

 

5-9 =4/9 = 44% (cf 2.77x20= >55%) 

 

If Jessica was receiving rituximab for her disease and her clinician wanted to 

measure her disease activity, are results of 200 IU/mL and  400 IU/mL different? 

How much would they have to differ at this level for there to be 95% confidence that 

they are different? 

 

 

200-400/400  = 50% (cf 2.77 x 35 = 96.95) 

 

 

  



Measurement of Uncertainty 
 

Definition: ISO15189 (3.17): The uncertainty of measurement is a parameter 
associated with the result of a measurement that characterises the dispersion of the 
values that could be reasonably attributed to the measurement.  

All measurements have some inaccuracy due to imprecision and bias, and therefore 

measurement results can only be estimates of the values of the quantities being 

measured. 

In accordance with ISO 15189 the MoU must be calculated where relevant and 

possible:  

• MoU will be calculated for all quantitative tests, including qualitative 

results derived from a numerical value. 

• This standard does not apply to qualitative tests not derived from a 

numerical value. 

• If it is decided that MoU is not relevant or impossible to estimate, then 

the reasoning behind this decision will be documented. 

The MoU will be provided to clinical users upon request, in accordance with ISO 

15189. 

There are a couple of key documents (released by NPAAC and RCPA) which are 

useful to have a look over. 

Potential sources of error may occur at any step of the assay – eg preanalytical, 

analytical and post analytical. Ideally MoU estimates identify and sum all sources of 

error to arrive at the cumulative MoU. In practice this is impossible! 

For the vast majority of procedures, random effects are the major contributors of 

MoU so a reasonable surrogate for combined MoU is imprecision (CV) using QC 

data. Estimates of MoU will include levels of the measurand at or near clinical 

decision values. There may be different MoUs at different ranges.  

It is also important (where possible) to incorporate bias data. This is usually obtained 

with comparison to a CRM. Unfortunately, this is not available for most 

immunoassays so a reasonable approximation are results from EQAP – using an 

appropriate group mean as an assigned conventional reference value.  

 

Calculation of Measurement of Uncertainty: 

1. Choose an appropriate quality control material with a measurable value at or 

near the clinical decision value. 

2. Determine the coefficient of variation (CV)% for the measurand using data 

points from separate runs for each internal control: 



• CV (%) = Standard deviation (SD) / mean 

 

 

• For frequently performed tests (eg nephelometry, at least 30 data points 

from consecutive runs should be used; for less frequently performed tests, 

the number of data points may be limited by the stability of the controls 

used. In these circumstances, 20 data points is acceptable.  

• These results should be collected across all routinely encountered events 

that are reasonably expected to have a detectable influence on the results 

produced (eg, calibrator and reagent batch changes, different operators, 

equipment maintenance, environmental fluctuations). 

 

Measurement of Uncertainty Goals: 

Acceptable levels of MoU will depend upon the clinical use of the test results, and 

may vary between tests. 

Basically, it is important to determine whether the test is fit for purpose – for example 

if it is clinically important to be able to differentiate a value of 7.1 from 6.9, a MoU of 

55% at this range is not acceptable and your assay is not fit for purpose.  

For certain analytes acceptable limits are available on the westgard website. A 

widely used and internationally recommended concept is to define the upper 
acceptable limit for imprecision as a proportion of the intra-individual biological 
variation of the analyte.  

This is not available for most immunoassays. Therefore, this can be calculated using 

EQAP data 

*   Minimal: <0.75CVw 90th percentile EQAP 

** Desirable: <0.5CVw or 50th percentile EQAP 

***Optimal: <0.25 CVw or 25 percentile EQAP 

CVw = within subject biological variation 

Measurement of Uncertainty = CV (%) x 2.77  

(2 is also used as a coverage factor –this is used to give 95% CI of the true 
value of a test; 2.77 is used to determine 95% CI that 2 different values are 

statistically different) 

There is a 95% chance that the true result lies within a range covered by 
result number ± the uncertainty of measurement � 



If MoU goals are not met – major contributors to the combined source of uncertainty 

should be identified (eg sampling, sample preparation, calibrators, reference 

material, equipment, environmental conditions, operators etc)  

 

  
 

	


