BAX® System Sampling Distribution and Replicate Testing
According to PCR theory, if a single copy of target DNA is present in the reaction, PCR will amplify
it to detectable levels within a given number of cycles. In presence/absence testing, the BAX®
System uses enrichment and sample prep protocols that are calculated to yield multiple copies of
target DNA in each reaction tube for added assurance.

Single Testing
Poisson distribution theory* suggests that any given test volume may randomly contain more or
fewer DNA copies than expected. To accommodate these probabilities, BAX® System enriched
protocols are calculated to achieve target cell densities of at least 1E4 cfu/mL. Transfer volumes of
enrichment for lysis and PCR are calculated to yield 7 to 12 copies of target DNA in the final
reaction tube, so the chances of getting zero copies are minimal (≤ 0.1%) (see Table 1). Should that
rare event occur, however, the BAX® System would generate a negative result because no target
DNA was present for amplification and detection.
Table 1. Sampling Distribution – Single Test

Calculated copies of target
DNA per PCR reaction tube

Probability that your test
volume will contain at least
one copy

Probability that your test
volume will not contain at least
one copy

1
2

63.2%
86.5%

36.8%
13.5%

3
4
5

95.0%
98.2%
99.3%

5.0%
1.8%
0.7%

6

99.7%

0.3%

7+

≥ 99.9%

≤ 0.1%
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Testing in Duplicate
To rule out random distribution effects, testing in duplicate from the same enrichment increases the
power of the test. The probability of getting zero copies of DNA from two replicates is the product of
the two individual testing probabilities. Thus, if your test volume is calculated to contain at least 7
target DNA copies, the probability of actually getting none in your reaction is < 0.1% for a single test
and <0.0001% (.001 x .001) for duplicate tests.
In an extreme example, assume the enriched concentration is much lower, so that only one copy of
target DNA is calculated to be present in your test volume. The probability of missing that copy with
a single test would be 36.8%. With dual testing, the chance drops to 13.5% (.368 x .368), thereby
raising the probability of getting that lone copy to 86.5% (see Table 2).
Table 2. Sampling Distribution – Duplicate Test

Calculated copies of target
DNA per PCR reaction

Probability that at least one of two
test volumes will contain at least one
copy

Probability that neither test volume
will contain at least one copy

1

86.5%

13.5%

2
3+

98.2%
≥ 99.9%

1.8%
0.0025%

Testing in Triplicate
For even greater power, especially when validating a method for reproducibility, testing in triplicate
provides the greatest assurance. The probability of missing one copy of target DNA in your test
volume with a single test would be 36.8%, with a duplicate test would be 13.5%, and with a triplicate
test would be less than 5% (see Table 3).
Table 3. Sampling Distribution – Triplicate Test

Calculated copies of target
DNA per PCR reaction

Probability that at least one of two
test volumes will contain at least one
copy

1

95.02%

4.98%

2
3+

99.7%
≥ 99.9%

0.3%
≤ 0.000025%

Probability that neither test volume
will contain at least one copy

Note: All of these statistics refer only to random sampling distribution effects and are not associated with performance of
the assay.
*Rice, John A. 1995. Mathematical Statistics and Data Analysis. 2nd Edition. Duxbury Press, Calif.
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