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Abstract

Quantitative PCR (gPCR) provides indirect quantification by comparing unknown samples to
known standards. While its speed and flexibility led to its wide use in water monitoring, the lack
of reliable and consistent quantitative standards remains the biggest obstacle for gPCR
applications, particularly in scenarios where comparison and integration of results across
laboratories and studies are essential. Digital PCR provides direct, standards-free quantification
based on limiting dilution and Poisson statistics and therefore eliminates quantification biases
associated with inconsistent standards. Nevertheless, little work has been done to assess inter-
laboratory consistency of digital PCR results. Here, we compared the performance of a duplex
droplet digital PCR (ddPCR) assay targeting Enterococcus spp. and the HF183 marker across
two laboratories. Each laboratory analyzed, in duplicate, DNA aliquots of standards, sewage
and septage samples from 4 states, composite animal fecal samples for each of the 9 sources
(cow, elk, deer, dog, horse, chicken, duck, goose, and raccoon) collected in 7 states, and
ambient waters from southern California. Basic assay performance metrics such as linearity and
detection limits of the ddPCR assay were similar between the laboratories regardless of
quantification targets. For the human fecal-associated marker, both laboratories could quantify
HF183 down to approximately 0.005ng sewage DNA and 0.05ng septage DNA. Neither
laboratory showed cross creativity with any animal fecal DNA when tested at 2.5 ng per reaction
except for two cow composite samples. The interlaboratory difference and intralaboratory
variability were similarly low. The mean interlaboratory differences for Enterococcus spp. and
HF183, respectively, were 0.06-0.15 and 0.004-0.17 log10 unit for various samples tested,
much lower than those reported for gPCR (0.5-2 log10 unit) due to inconsistency in standards.
Overall, the duplex ddPCR assay demonstrated stable performance and highly reproducible
results across the two laboratories. While further studies with a larger number of laboratories
would provide more information on ddPCR's reproducibility, initial evidence from this study
showed that ddPCR could significantly enhance our ability to compare and integrate monitoring
results across studies/sites/laboratories.
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