Appendix D8 
LIMITS OF BLANK, DETECTION, AND QUANTIFICATION FOR qPCR AND qRT-PCR ANALYSES

Updated June 2015
Purpose:  Limits of blanks, detections and quantification for microbiology molecular assays can vary between methods and laboratories. The Ohio Water Microbiology Laboratory (OWML) established definitions for these limits as described below to use with samples analyzed by qPCR and qRT-PCR at the OWML. Definitions were modified from Armbruster and Pry (2008) and Bustin and others (2009).  
Standard curve is an equation developed using known quantities of a dilution series of a target (standards). A regression line is developed using the Ct values for these standards and the known concentrations for each standard. The equation for this regression is the “standard curve”. The generic form of a standard curve equation is:

where, m is the slope of the regression line, and b is the y-axis intercept of the regression line. For the calculations below, the following equation format is used:

Limit of blank (LoB) is the lowest concentration that can be reported with 95 percent confidence to be above the concentrations of blanks.  It is the highest apparent concentration expected to be found when replicates of a blank are tested and is determined by calculating the 95th percentile of the Ct values for all the blanks (reagent water containing no target material) for a specific target (CtLoB). This includes the Ct values for no-template controls, extraction blanks, and filter blanks.  This value is converted to a concentration in copies per reaction volume (copies/rxn) using the assay-specific compiled standard curve[endnoteRef:1]. [1:  Compiled standard curve is based on all of the curves associated with the blanks and/or data.] 

NOTE: The LoB is used to determine the most accurate limit of detection (see below). It is not used for reporting results unless the LoB is greater than the limit of detection.
Example: For one assay, the Ct values for 10 blanks were 40, 38.6, 40, 40, 37.2, 40, 39, 39.6, 40, and 40. The 95th percentile (use the 5th percentile in excel instead of the 95th because of the inverse nature of Ct values) was 37.83 (CtLoB). The compiled standard curve for this assay was used to determine the concentration of the LoB. For this assay, the equation for the standard curve was Ct = -3.4935*[log10(conc.)] + 40.958, and is used in this example, as follows: 
log10concentration (LoB) = (37.83 – 40.958) / -3.4938
Therefore, the LoB is 8 copies/rxn.
Limit of detection (LoD) is the lowest concentration that can be detected with 95 percent confidence that it is a true detection and can be distinguished from the LoB.  The LoD is determined by running a series of dilutions of the target with a minimum of 10 replicates per dilution.  The dilutions used will vary depending on the magnitude of the lowest standard concentration used in the standard curve. The dilution with the lowest concentration of known target that meets the following requirements is chosen as the LoD: 1) the standard deviation (in Ct values) of the replicates is less than one and 2) the number of replicates with detections is greater than 95 percent. The average Ct value (CtLoD) for this dilution is used to calculate a concentration (copies/rxn) using the standard curve run with the dilution series[endnoteRef:2].  [2:  Standard curve run with the dilution series is the curve or composite curve associated with the chosen LoD dilution.] 

NOTE: If the LoB is higher than the calculated LoD, the LoB is used as the LoD.
Example: For one assay, ten replicates of each of several dilutions were analyzed. The lowest three dilution tested had average Ct values of A. 35.39, B. 37.02, and C. 39.35. The standard deviations of these dilutions were A. 0.590, B. 1.564 and C. 0.827. Dilution C had 4 non-detects. The dilution that met the requirements was dilution A because dilution B’s standard deviation was above 1, and dilution C had too few detections. The average Ct value for dilution A was 35.39 (CtLoD). The standard curve associated with this dilution series was used to determine the concentration of the LoD.  For this example, the equation of the standard curve was Ct = -3.4935*[log10(conc.)] + 40.958, and is used in this example, as follows: 
log10concentration (LoD) = (35.39 – 40.958) / -3.4938
Therefore, the LoD is 39 copies/rxn.

Limit of quantification (LoQ) is the lowest concentration that can be accurately quantified.  The LoQ is determined using the CtLoD and the standard deviation of CtLoD as defined above. A Ct value for the LoQ (CtLoQ) is calculated as 

	where  is the standard deviation of the CtLoD for this assay.
This CtLoQ is used to calculate a concentration (copies/rxn) using the standard curve run with the dilution series2.
Example: From the previous example, the CtLoD for dilution A was 35.39 with a standard deviation of 0.590.  The CtLoQ is calculated as follows:

CtLoQ = 35.39 – 2 (0.590) = 34.21

The standard curve used for the LoD calculation was also used to determine the concentration of the LoQ.  For this example, the equation of the standard curve was Ct = -3.4935*[log10(conc.)] + 40.958, and is used in this example, as follows:

log10concentration (LoQ) = (34.21 – 40.958) / -3.4938
Therefore, the LoQ is 85 copies/rxn.
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