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			In order to express the precision, or repeatability, of immunoassay test results, researchers in the social and behavioral sciences typically report two measures of the Coefficient of Variability (CV) in their publications: the Inter-Assay CV and the Intra-Assay CV. The CV is a dimensionless number defined as the standard deviation of a set of measurements divided by the mean of the set. Since the usage of the term intra-assay CV may vary somewhat between fields of study, some clarification of terminology and methods is in order.

In larger studies with many samples to be tested, it is necessary that samples be run on multiple assay plates. Each plate is run with its own calibrators for the standard curve, and saliva controls with known concentrations of the analyte–usually a high and a low value–are also included on each plate. The inter-assay CV is an expression of plate-to-plate consistency that is calculated from the mean values for the high and low controls on each plate, as illustrated in Example 1 below (taken from internal Salimetrics data).

Most studies measure each sample in duplicate for each analyte. The degree to which the duplicate results differ can be expressed by calculating the standard deviation of the two results and converting it to the CV. Testing each sample with greater numbers of replicates would produce statistically better results for the standard deviation and calculation of the CV, but this practice would be prohibitively expensive for large studies. The intra-assay CV reported in these studies is an average value calculated from the individual CVs for all of the duplicates, even if the total number of samples requires the use of multiple assay plates. (1) An illustration of the calculation of the intra-assay CV from 40 samples (using internal Salimetrics data) is provided in Example 2.

Salimetrics offers the following comments on calculating and interpreting CVs:

	CVs should be calculated from the calculated concentrations rather than the raw optical densities.
	Inter-assay % CVs of less than 15 are generally acceptable.
	Intra-assay % CVs should be less than 10.
	These scores reflect the performance of the assay in the hands of the user; they are not the same as the measures used by the assay manufacturer to insure consistency in the manufacturing process.
	It is important that the CVs are reported for concentrations that reflect the range of results found in the specimens.


Experimental results with poor intra-assay CVs (>10%) frequently reflect poor pipetting technique on the part of laboratory technicians. (1) In addition, mishandling due to the high viscosity of saliva can make pipetting especially difficult. Salimetrics recommends freezing each sample once, followed by vortexing and centrifugation, which will help precipitate and remove mucins. Pre-wetting each pipette tip in the solution to be pipetted will also help improve CVs. (Remember to change tips between each sample, standard, or control.) Pipettes must also be properly calibrated and maintained for best results. For a discussion of the importance of proper pipetting, see the article Assay Variance and Control found in this newsletter, and follow these links to related articles from pipette manufacturers. (2-6)


		

	


	
		
			Example 1. Calculating Inter-Assay CV: The Average Coefficient of Variation from Plate Control Means.


		

	


	
		
			
In this example the same high and low cortisol controls are run in quadruplicate on ten different plates to monitor plate-to-plate variation. The plate means for high and low are calculated and then used to calculate the overall mean, standard deviation, and % CV. Overall % CV = SD of plate means ÷ mean of plate means x 100. The average of the high and low % CV is reported as the inter-assay CV.




		

	






	
		
				Control	Result 1	Result 2	Plate	Plate Mean (µg/dL)
	high	1.199	1.132	1	1.090
	high	1.071	0.957
	high	1.101	0.973	2	0.998
	high	1.007	0.911
	high	1.093	0.942	3	0.976
	high	0.913	0.957
	high	1.077	0.986	4	0.985
	high	0.978	0.900
	high	1.106	0.993	5	1.019
	high	0.993	0.986
	high	1.045	1.068	6	1.021
	high	1.037	0.936
	high	1.075	1.022	7	1.055
	high	1.164	0.958
	high	1.032	1.054	8	1.037
	high	1.046	1.017
	high	0.918	0.905	9	0.922
	high	0.973	0.892
	high	0.986	0.923	10	0.941
	high	0.950	0.904



		

	


	
		
				High
	Mean of Means	1.005
	Std Dev of Means	0.051
	% CV of Means	5.1



		

	





	
		
				Control	Result 1	Result 2	Plate	Plate Mean (µg/dL)
	low	0.113	0.115	1	0.105
	low	0.108	0.083
	low	0.112	0.089	2	0.097
	low	0.101	0.085
	low	0.129	0.106	3	0.111
	low	0.099	0.108
	low	0.100	0.097	4	0.095
	low	0.099	0.083
	low	0.093	0.093	5	0.095
	low	0.099	0.094
	low	0.102	0.100	6	0.104
	low	0.108	0.108
	low	0.112	0.106	7	0.114
	low	0.132	0.105
	low	0.114	0.102	8	0.108
	low	0.105	0.109
	low	0.108	0.104	9	0.106
	low	0.110	0.104
	low	0.113	0.107	10	0.103
	low	0.099	0.095



		

	


	
		
				Low
	Mean of Means	0.104
	Std Dev of Means	0.0065
	% CV of Means	6.3



		

	






	
		
			
Inter-assay CV (n=10) = average of high and low control CV = 5.1 + 6.3 / 2 = 5.7%




		

	






	
		
			Example 2. Calculating Intra-Assay CV: The Average Coefficient of Variation between Duplicates.


		

	


	
		
			
In this example cortisol concentrations are measured in duplicate for 40 samples. The % CV for each sample is calculated by finding the standard deviation of results 1 and 2, dividing that by the duplicate mean, and multiplying by 100. The average of the individual CVs is reported as the intra-assay CV.




		

	


	
		
				Sample	Result 1	Result 2	Duplicate Mean

(µg/dL)	Standard Dev	% CV
	1	0.132	0.128	0.130	0.003	2.2
	2	0.351	0.361	0.356	0.007	2.0
	3	0.282	0.306	0.294	0.017	5.8
	4	0.237	0.218	0.228	0.013	5.9
	5	0.178	0.215	0.197	0.026	13.3
	6	0.119	0.128	0.124	0.006	5.2
	7	0.136	0.125	0.131	0.008	6.0
	8	0.155	0.150	0.153	0.004	2.3
	9	0.145	0.152	0.149	0.005	3.3
	10	0.135	0.148	0.142	0.009	6.5
	11	0.212	0.210	0.211	0.001	0.7
	12	0.214	0.210	0.212	0.003	1.3
	13	0.144	0.125	0.135	0.013	10.0
	14	0.066	0.065	0.066	0.001	1.1
	15	0.117	0.102	0.110	0.011	9.7
	16	0.116	0.110	0.113	0.004	3.8
	17	0.174	0.169	0.172	0.004	2.1
	18	0.119	0.114	0.117	0.004	3.0
	19	1.372	1.287	1.330	0.060	4.5
	20	1.052	1.024	1.038	0.020	1.9
	21	1.357	1.248	1.303	0.077	5.9
	22	0.957	0.904	0.931	0.037	4.0
	23	0.485	0.425	0.455	0.042	9.3
	24	0.186	0.162	0.174	0.017	9.8
	25	0.136	0.134	0.135	0.001	1.0
	26	0.181	0.181	0.181	0.000	0.0
	27	0.253	0.258	0.256	0.004	1.4
	28	0.225	0.199	0.212	0.018	8.7
	29	0.094	0.098	0.096	0.003	2.9
	30	0.094	0.113	0.104	0.013	13.0
	31	0.119	0.112	0.116	0.005	4.3
	32	0.314	0.294	0.304	0.014	4.7
	33	0.134	0.131	0.133	0.002	1.6
	34	0.628	0.614	0.621	0.010	1.6
	35	0.071	0.076	0.074	0.004	4.8
	36	0.073	0.076	0.075	0.002	2.8
	37	0.059	0.040	0.050	0.013	27.1
	38	0.061	0.059	0.060	0.001	2.4
	39	0.201	0.175	0.188	0.018	9.8
	40	0.149	0.155	0.152	0.004	2.8



		

	









	
		
			Intra-assay CV (n=40) = average % CV = 5.2
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