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At each master mix/primer set combination, the recorded RNA concentrations in this experiment represent a limit of detection for the individual well measurements, while the algorithm determining positivity of a sample—2 of 3 replicate wells positive—gives a limit of detection (LOD) for the assay as implemented.   We estimate the expected LOD(s) of the assay from the reported experiment as we now describe.  The data suggest that the LOD may vary by master mix and primer set, although because the available information limits our ability to model these experimental combinations simultaneously, we estimate the LODs separately for these.   We describe the estimation approach generally, and then apply the same methods to each experimental condition.

Since the RNA concentration/dilution sequences differed for two different batches of sample, observations were recorded as one of batch 1 concentrations [1.06, 2.39, 3.74, 4.46, 13.18, 27.10, 345.05 RNA copies/µl] and batch 2 concentrations [0.47, 0.93, 1.67, 3.40, 6.00, 12.00, 116.00 copies/µl] for individual replicate measurements of RNA concentration.  This mixing of concentrations and unequal dilution stepping made standard methods for dilution assays not readily applicable.  Depending on the master mix/primer set combination, either 6 or 9 replicates were performed.  These replicates were grouped in triplicates and the assay algorithm of identifying the second smallest value of the three as the final response for the triplicate set was used (if the smallest two were equal, this value was used), and this yielded either 2 or 3 observations of assay LOD per master mix/primer set combination.  The distribution of this final response from the assay algorithm is of interest when making inference regarding the LOD for the assay, since this is the quantity that is used to characterize samples.  

The distribution of the assay LOD may be derived from the distribution of the individual replicates by noting that the value of the second-largest observation is the second order statistic of three observations for independent replicates grouped into threes.  A model for the distribution of the individual LOD replicates thus readily yields the required distribution for the assay LOD using standard results from the distribution theory of order statistics.  Noting that individual replicate responses are reasonably modeled as continuous, positive, skewed right, and interval censored, we modeled these values using standard survival analysis methods assuming either a Weibull (when at least 4 unique values were available) or an exponential (fewer than 4 unique values available); recall the exponential distribution is a special case of the Weibull.  Resulting shape and scale estimates therefore provide a model fit for the individual LOD replicates.  Denote by  the cumulative distribution function (CDF) of the Weibull distribution with shape parameter  and scale parameter ;  is fixed at 1 for the exponential distribution.  The resulting CDF of the distribution of the assay LOD is, therefore, , where the subscript 2;3 indicates the second order statistic of a sample of size three.

Implementing the survival analysis approach described provides maximum likelihood estimates  and  in the case of the Weibull, and  for the exponential, and these may be used directly in the expression for , giving an estimate of the distribution for the assay LOD.  The expected assay LOD is thus the mean of this distribution, which must be computed numerically using the probability density function derived from  and numerical integration.  Confidence intervals for the mean assay LOD may theoretically be computed using asymptotic results, but with few observations here, instead we use bootstrap resampling (1).  Briefly, the 6 or 9 individual replicates were resampled with replacement 10,000 times, and for each of these resample datasets, maximum likelihood estimates  and  were computed and the mean of  calculated.  The average of these 10,000 bootstrap resample values of the mean assay LOD are our final estimates for the assay LOD, while the empirical 2.5th and 97.5th quantile points of the 10,000 bootstrap resample values provide a 95% confidence interval (CI) for the mean assay LOD.  Estimates of the mean assay LOD (95% CI) are reported in Table 2.
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