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Abstract 

Given the lack of publications establishing the comparability of dPCR measurements for water 
quality assessment, we performed a robust comparison of Qiacuity and Absolute Q dPCR platforms 
for detecting and quantifying HF183/BacR287, Entero1a, and EC23S857 using a certified reference 
material (SRM 2917) and water-sample derived DNA (n = 10). For experiments with SRM 2917, both 
platforms demonstrated very strong qualitative and quantitative agreement (intraclass correlation 
coefficients, ICC > 0.96) with comparable precision down to 1.5 – 1.8 log10 GC/reaction (coefficient of 
variation < 30%) and comparable 95% LODs for each assay (range 4.5 – 10 GC/reaction). During 
experiments with water samples, both platforms demonstrated strong repeatability among dPCR 
replicates both within and between platforms (Pearson correlation coefficient > 0.95) and strong 
quantitative agreement (ICC > 0.84). However, Qiacuity detected HF183/BacR287 more frequently 
than Absolute Q when results were considered at the dPCR technical replicate (p = 0.0005) or filter 
replicate level (p = 0.0020) and target abundance was less than 100 GC/100 mL. Nonetheless, in the 
context of the large uncertainties inherent to interpreting and applying molecular data for water 
quality management, we conclude that for the assays considered Qiacuity and Absolute Q would not 
lead to meaningfully different water quality measurements. 

Keywords: dPCR; QIAcuity; Absolute Q; HF183/BacR287; Entero1a; EC23S857 

Synopsis: Qiacuity and Absolute Q are quantitatively equivalent for measurements of 
HF183/BacR287, Entero1a, and EC23S87 for water quality assessment. 

Introduction 

Although culture-based measurements, particularly fecal indicator bacteria counts, continue to 
be the primary workhorses, molecular methods are increasingly deployed for water quality 
assessment.[1,2] While many challenges remain for reconciling culture-based and molecular 
measurements to manage public health risks, the use of quantitative polymerase chain reaction 
(qPCR) for water quality assessment continues to increase in the research literature.[3] The relevance 
of qPCR for routine water quality assessment has been bolstered by the establishment of standard 
methods for its use. For example, the US Environmental Protection Agency (EPA) has developed two 
protocols (Method 1609.1[4] and Method 1611[5]) for the same-day enumeration of Enterococcus spp., 
a traditional fecal indicator bacteria, in water using qPCR. The agency has also developed Draft 
Method C for rapid qPCR-based E. coli measurements in water.[6] In addition to testing for traditional 
fecal indicator bacteria, qPCR methods are also proliferating for microbial source tracking (MST). 
MST uses PCR-based methods to identify genetic sequences from host-specific commensal bacteria 
to identify sources of fecal contamination within water samples.[7] A range of qPCR assays have been 
developed to test water samples for feces from humans, ruminants, cows, dogs, seagulls, pigs, horses, 
chickens, deer, and others.[8] Here also, the US EPA has developed standard protocols (Method 
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1696.1[9] and Method 1697.2[10]) that use qPCR assays to assess water for human sewage 
contamination. Most likely over the next few decades, molecular data, particularly qPCR 
measurements, will comprise a growing proportion of microbial water quality information. 

So far, standard molecular methods for microbial water quality assessment have made exclusive 
use of qPCR, which has a long history and is widely available in testing labs. However, digital PCR 
(dPCR), which also makes use of TaqMan assays, is gaining traction as a reliable analytical method 
for water testing.[11] Digital PCR quantifies genetic targets using most probable number (MPN) 
techniques premised on a Poisson process during the partitioning of a traditional qPCR reaction into 
thousands to tens of thousands of independent PCR reactions that are read as positive or negative 
for the target following thermal cyclic amplification. As reviewed elsewhere, many publications have 
reported superior sensitivity, precision, and resilience to inhibition for dPCR compared to qPCR 
during water microbiology applications.[11] Although these could be important advantages for 
microbial water quality assessment, dPCR availability and experience in testing laboratories remains 
limited and the method remains significantly more expensive than qPCR on a consumables per 
sample basis. Even so, droplet digital PCR (ddPCR) has been evaluated against qPCR (Method 
1609.1) for monitoring beach water quality [12] , and US EPA Region 9 has approved the use of 
ddPCR in San Diego County, California, USA for beach water quality monitoring as a pilot program 
under the Beaches Environmental Assessment and Coastal Health (BEACH) Act.[13,14] 

One distinct advantage of dPCR is the ability to estimate template quantities without a 
calibration curve. By utilizing a Poisson model, dPCR circumvents the relative quantification 
paradigm of qPCR and the need for platform-specific calibration to translate Cq values into target 
concentrations. This implies that, all things being equal, different dPCR platforms should yield 
similar estimates of the template copy number, since the Poisson assumptions are functionally 
equivalent. Simultaneously, there are operational differences between platforms that could lead to 
meaningfully different results. One such difference between platforms is the dead volume -- the 
volume of dPCR reaction solution prepared but not actually included in the partitioning and 
analyzed in the dPCR reaction. Theoretically, a lower dead volume could lead to increase analytical 
sensitivity since more of the loaded template is being analyzed. However, there are few if any 
published comparisons between dPCR platforms to substantiate claims for or against equivalent 
quantitative performance, particularly for water quality assessment. Here, we used two different 
dPCR platforms (Qiacuity and Absolute Q) for a head-to-head comparison of their quantitative and 
qualitative performance with three standardized TaqMan probe assays while testing a certified 
control plasmid and DNA derived from surface water samples. Our intent during these experiments 
was to compare the measurements produced from two unique dPCR instruments to examine whether 
water quality data produced via dPCR might be readily compared between platforms. 

Methods 
DNA Standard Reference Material 

A linearized plasmid DNA standard reference material (SRM 2917, NIST, Gaithersburg, MD, 
USA) for fecal indicator detection and identification was used as a control material for dPCR 
experiments.[15] SRM 2917 consists of 6 tubes, each with approximately 200 µL of linearized plasmid 
DNA, with each tube at a certified copy number ranging from roughly 5.73 to 0.73 log10 copies/µL. 
The 4,421 bp plasmid contains 13 targets, including markers for human (HF183/BacR287, CPQ_056, 
CPQ_064), ruminant (Rum2Bac), pig (Pig2Bac), cow (CowM2, CowM3), dog (DG3, DG37), avian 
(GFD), Enterococcus spp. (Entero1a), and E. coli (EC23S857).[16] For the dPCR experiments described 
here, working solutions were prepared from Level 3 of the SRM 2917, and then serial dilutions were 
made using TE (Tris-EDTA) buffer at pH 8.0 as a diluent to examine the limit of detection, and 
quantification precision for each dPCR platform as a function of analyte concentration and to assess 
the correlation between paired measurements made on the two dPCR platforms. When not in use the 
SRM 2917 material and all associated dilutions were stored at 4 °C per the manufacturer’s 
instructions. 
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Surface Water Sample Collection, Filtration, and DNA Extraction 

Surface water grab samples (n =10, ~1 L each) were collected in sterile bottles from 8 different 
water bodies in and around Baton Rouge, LA, USA, on October 21, 2022, and November 4, 2022. At 
the time of sample collection, dissolved oxygen, conductivity, and pH were measured in triplicate 
using a Hach HQ4100 multi-meter (Loveland, CO, USA) and probes (LDO101, CDC401, PHC101). 
Sample collection locations, times, dates, and physicochemical data are tabulated in Table S1. 
Samples were kept on ice in a cooler until returned to the lab, where they were stored at 4 °C for 24 
hours or less prior to further processing. Each sample was filtered in triplicate (50 mL or 100 mL) 
using polycarbonate membranes 47 mm in diameter with a 0.4 µm pore size (HTTP04700, 
MilliporeSigma, Rockville, MD, USA). After filtration, each membrane was aseptically rolled into a 7 
mL SK-38 Soil Grinding Lysis Tube (P000936-LYSK0-A, Bertin Technologies, Montigny-le-
Bretonneux, France) and stored at -80 °C for a maximum of approximately three months until 
homogenization and DNA extraction. After thawing the lysis tubes at room temperature, the 
membranes were homogenized using a Precellys 24 Homogenizer (Bertin Technologies, Montigny-
le-Bretonneux, France) with 3 cycles at 10,000 rpm at 15 s with a 10 s pause between. After 
homogenization, the bead tubes were centrifuged using a refrigerated benchtop centrifuge 
(Eppendorf 5810R, Hamburg, Germany) at 4,000 rpm for 4 minutes, and the resulting supernatant 
was transferred into a clean 2 mL microcentrifuge tube. DNA was then extracted from the 
supernatant using a DNeasy PowerWater Kit (Qiagen, Hilden, Germany) following the 
manufacturer’s instructions with a final elution volume of 100 µL. After extraction, purified DNA 
was stored at -80 °C for roughly three months until assayed by dPCR. The original 10 grab samples 
filtered and extracted in triplicate yielded a total sample size of 30 surface water sample extracts. Each 
extract was tested by duplicate dPCR reactions to produce a total experimental dataset of 60 
measurements per assay. 

Fecal Indicator Assays 

The performance of the two dPCR platforms was compared for measurements made with three 
previously published qPCR assays adapted to the dPCR format. The first, HF183/BacR287, targets a 
genetic sequence specific to human-associated Bacteroides[17] and has been adopted for qPCR-based 
discrimination of human fecal contamination in US EPA Method 1696.1.[9] The second assay, 
Entero1a[18], targets a specific region of ribonucleic RNA associated with the large subunit (23S 
rRNA) in Enterococcus spp. The Entero1a assay has been standardized for use in qPCR testing of 
water for enterococci in US EPA Method 1609.1.[4] The third assay, EC23S857, targets a multi-copy 
sequence in the 23S rRNA of Escherichia coli[19] and has been proposed for qPCR water testing for E. 
coli in US EPA Draft Method C.[6] Primer and probe sequences for each assay are summarized in 
Table S2. The primers and probes used in the experiments were purchased from Integrated DNA 
Technologies (Coralville, IA, USA), including PrimeTime qPCR Zen Probes with Iowa Black FQs 
(Entero1a - HEX, yellow channel; EC23S857 – HEX, yellow channel) and an MGB Eclipse Probe 
(HF183/BacR287 – FAM, Green channel). The functionality of each assay for dPCR was first confirmed 
by testing against a known concentration of SRM 2917 (level 2) on each dPCR platform. 

QIAcuity Digital PCR 

The QIAcuity Digital PCR System partitions each dPCR reaction onboard the instrument using 
a Nanoplate and roller system. For the experiments described here, dPCR runs were performed on a 
QIAcuity One, 5-plex system (Qiagen, Hilden, Germany), referred to as simply Qiacuity throughout, 
using 26k 24-well Nanoplates. The 26k Nanoplate features 26,000 partitions with a volume of 
approximately 0.91 nL each, resulting in an effective reaction volume of approximately 23.66 µL and 
a dead volume loss of 41%. For the experiments reported here, Qiacuity dPCR reactions were 
prepared according to the manufacturer’s recommended specifications. Reaction mixes were 
prepared to a total volume of 40 µL, containing forward and reverse primers at a final concentration 
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of 800 nM, 400 nM of probe, and 10 µL of 4x QIAcuity Probe PCR Mastermix (Qiagen). A total of 5 
µL of purified nucleic acid was added per reaction mixture, and then the reaction was amended with 
molecular-grade water to achieve a total volume of 40 µL. All dPCR assay reactions were thermal 
cycled per the manufacturer’s recommended conditions: PCR initial heat activation at 95 °C for 2 
minutes, followed by 40 2-step cycles of denaturation at 95 °C for 15 s and annealing/extension at 60 
°C for 30 s (Table S2). Each dPCR experiment included two no-template controls (NTC). During all 
dPCR experiments, thresholds were manually set based on the separation between the positive and 
negative partitions in positive and negative control reactions such that all partitions in NTCs were 
classified as negative for the target using the QIAcuity Software Suite v. 2.1.7.182. 

Absolute Q Digital PCR 

The QuantStudio Absolute Q Digital PCR System (Applied Biosystems, Waltham, MA, USA) 
used in the experiments also partitions dPCR reactions onboard the instrument using a Microfluidic 
Array Plate (MAP, Applied Biosystems) and air pressure. The MAP has 16 reaction wells of 20,480 
partitions each with a partition volume of 0.45 nL, resulting in a total effective reaction volume of 
approximately 9.22 µL with an estimated dead volume loss of 7.8%. The Absolute Q reactions were 
prepared per the manufacturer’s recommended specifications. Reaction mixes were prepared to a 
total volume of 10 µL, containing forward and reverse primers at a final concentration of 900 nM, 250 
nM of probe, and 2 µL of 5x Absolute Q™ DNA Digital PCR Mastermix (Applied Biosystems). A 
total of 5 µL of purified nucleic acid was added per reaction mixture, and then the reaction was 
amended with molecular-grade water to achieve a total volume of 10 µL. All dPCR assay reactions 
were thermal cycled per the manufacturer’s recommendations: PCR initial heat activation at 96 °C 
for 10 minutes, followed by 40 2-step cycles of denaturation at 96 °C for 5 s and annealing/extension 
at 60 °C for 15 s (Table S2). Each dPCR experiment included two no-template controls (NTC). During 
all dPCR experiments, thresholds were manually set based on the separation between the positive 
and negative partitions in positive and negative control reactions such that all partitions in the NTCs 
were classified as negative using the QuantStudio Absolute Q Software v 6.1. 

Statistical & Visual Analysis 

All figures and statistical analyses were prepared using Prism 10 for macOS (Version 10.5.0 (673) 
May 27, 2025, GraphPad Software, Boston, MA, USA). All dPCR experimental details are reported 
per the digital MIQE Guidelines (Table S3).[20] For experiments performed using control materials, 
when all the technical replicates had at least one positive partition for the dilution level, quantitative 
precision was assessed using the coefficient of variation (CoV) among all the replicates. When all 
replicates did not yield at least one positive partition, analytical sensitivity was assessed using the 
proportion of technical replicates that were positive (PP). In both cases, the mean target concentration 
was estimated by “hyper-welling”, that is aggregating all replicates into a single “well” to estimate 
the template most probable number (ƛ) using the total number of partitions and negative partitions 
aggregated across all the replicates. The limit of detection (LOD) for each assay on each dPCR 
platform was estimated by fitting a cumulative Gaussian distribution to the fraction of replicates 
positive (PP) at the log10-transformed mean concentration at each dilution level. The resulting 
estimators for the mean and standard deviation were then used to calculate the level yielding a 95% 
probability of detection among the replicates, referred to as the 95% LOD. When multiple dilution 
levels yielded the same PP among replicates, the highest (i.e., most conservative) mean concentration 
was used to fit the Gaussian distribution. In the case of water samples, based on the estimated 
template copy number in the dPCR reaction (GC/µL), gene copies per 100 mL of surface water were 
calculated per the equation in Table S4. Correlations between mean target concentrations for technical 
replicates, filter replicates (in the case of water samples), and/or individual water samples within and 
between platforms were assessed using the Pearson correlation coefficient (r). Qualitative agreement 
between dPCR platforms during analysis of water samples and control materials was assessed by 
calculating the percentage of samples yielding concordant (i.e., positive-positive or negative-
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negative) results. Quantitative agreement between estimated target concentrations was assessed 
using the intra-class correlation coefficient (ICC) for absolute agreement between single raters 
calculated using a two-way mixed effects model using IBM SPSS Statistics for Windows (Version 26.0, 
IBM, SPSS Inc., Chicago, IL, USA).[21] 

Results and Discussion 

Across all dPCR experiments on both platforms, the NTCs were negative for the targets of 
interest. Per the dMIQE guidelines[20], examples of positive reactions (from water samples), negative 
reactions (NTCs), and positive control reactions (SRM 2917) for Qiacuity and Absolute Q are 
provided in Tables S5 and S6, respectively. Partitioning statistics for all dPCR reactions performed 
on both platforms during the study are provided in Table S7. In all cases, the dPCR experiments 
included in the final dataset achieved at least 20,000 partitions per reaction. 

Precision, Analytical Sensitivity, Quantitative Agreement with Control Material 

We first assessed the quantitative precision (CoV), analytical sensitivity (95% LOD), and 
quantitative agreement between platforms during experiments performed with the SRM 2917 control 
material along a 6-level dilution series. Enough of each SRM 2917 dilution was prepared to perform 
experiments with all three assays on both platforms using the same solution. For all three assays, on 
both platforms the observed CoVs (calculated on an arithmetic basis) ranged from 10.8% to 29.6% at 
the level 6 dilution, which was quantified at roughly 75 to 70.2 GC/rxn by HF183/BacR287 and 
Entero1a (Table 1). Interestingly, despite using the same control material solution, the EC23S857 
assay consistently quantified the SRM 2917 target at roughly half the HF183/BacR287 and Entero1a 
estimated concentration on both platforms, although the CoVs were still low (20.2% to 16.1%). 
Although there is not a consensus on what CoV is acceptable for defining an LOQ, if we use 35%, the 
LOQ for the HF183/BacR287 and Entero1a assays are between 1.9 to 1.1 log10 GC/reaction. Applying 
the same standard, the LOQ for EC23S857 is estimated to be between 1.5 to 0.7 log10 GC/reaction, 
although one technical replicate was negative on the Absolute Q at the level 5 dilution. Importantly, 
neither dPCR platform consistently delivered greater analytical precision. 

From dilution level 4 down to level 3, the proportion of technical replicates positive for the SRM 
2917 control material decreased below 100% and demonstrated decreasing proportions positive (PP), 
as would be expected for a decreasing concentration gradient. At the extremely low dilution levels (2 
and 1), the estimated mean concentrations by hyperwelling across all replicates sometimes increased 
by small increments (0.1 to 0.2 GC/reaction) and the PP sometimes remained constant despite 
decreasing dilution levels. This increasing variability is consistent with increased subsampling 
variation (by pipetting) at the lowest concentration levels, which would be expected. The variability 
between replicates with decreasing dilution level is displayed visually in Figure S1. The trends 
observed largely follow what is expected along a dilution series prepared by random subsampling 
theoretically described by a Poisson process. 

Table 1. Mean concentrations of SRM2917 among dPCR technical replicates at 6 levels. 

SRM2917 

(Dilution 

Levels) 

HF183/BacR287 

GC/rxn (CoV or PP)* 

Entero1a 

GC/rxn (CoV or PP)* 

EC23S857 

GC/rxn (CoV or PP)* 

Qiacuity Absolute Q Qiacuity Absolute Q Qiacuity Absolute Q 

Level 6 76.7 (10.8) 73.4 (19.1) 71.4 (29.6) 69.0 (25.7) 30.7 (20.2) 33.6 (16.1) 

Level 5 14.1 (38.0) 11.2 (38.0) 11.9 (57.5) 12.2 (26.3) 6.2 (38.5) 4.0 (7/8) 

Level 4 3.8 (7/8) 0.9 (3/8) 3.5 (16/20) 2.4 (16/20) 1.4 (4/8) 0.6 (3/8) 

Level 3 0.5 (2/8) 0.1 (1/8) 2.4 (13/20) 1.5 (13/20) 0.5 (2/8) 0.3 (2/8) 

Level 2 0.3 (1/8) 0.3 (1/8) 1.9 (11/20) 1.4 (11/20) 0.6 (2/8) 0.3 (2/8) 
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Level 1 0 (0/8) 0.1 (1/8) 1.7 (11/20) 1.2 (11/20) 0.6 (2/8) 0.1 (1/8) 
*CoV= Coefficient of Variation (%) among technical replicates (when all replicates positive); PP= Proportion of 
replicates positive. 

The analytical sensitivity of each dPCR platform was assessed by estimating the 95% LOD 
achieved using the SRM 2917 control, which should be interpreted as the ideal case. Where multiple 
dilution levels yielded the same PP, the greatest concentration was used and the others removed to 
produce the most conservative estimate. The cumulative Gaussian models fit to the probability of 
detection in a single replicate (i.e., the PP) versus the log10 GC/reaction concentration gradient for 
each assay and platform are displayed in Figure S2. The coefficient of determination (r2 value) in all 
cases was greater than 0.98. As shown in Table 2, neither platform produced consistently lower 95% 
LODs across all three assays. The Qiacuity platform achieved 95% LODs of 6.54, 6.83, and 6.51 
GC/reaction for the HF183/BacR287, Entero1a, and EC 23S857 assays, respectively. For the same 
assays, Absolute Q 95% LODs were 6.67, 4.53, and 10.2 GC/reaction, respectively. Although there are 
some small differences in the estimated mean 95% LODs between platforms, the overlapping 
confidence intervals suggest the differences are not statistically significant at the sample sizes used 
in the current study. 

Table 2. 95% limit of detection for three fecal indicator assays on the Qiacuity and Absolute Q platforms. 

dPCR Assays 

95% LOD (GC/rxn) 

(95% CI) 

Qiacuity Absolute Q 

HF183/BacR287  
6.54 

(5.15 – 8.35) 

6.67 

(3.24 – 14.0) 

Entero1a  
6.83 

(5.57 – 8.53) 

4.53 

(1.86 – 17.4) 

EC23S857  
6.51 

(2.72 – 22.5) 

10.2 

(3.59 – 34.9) 

We also assessed the qualitative and quantitative agreement between the two dPCR platforms 
for each assay using SRM 2917. Concordance between dPCR platform replicates (e.g., 
positive/positive or negative/negative results on both) was 75% for HF183/BacR287 (n = 48), 72.72% 
for Entero1a (n = 120), and 62.5% for EC23S587 (n = 48) (Table S10). Although this qualitative 
agreement might seem low, it is important to note that all the SRM 2917 experiments were performed 
using stringent dilution levels with all experiments performed below 100 GC/reaction and two thirds 
falling below 10 GC/reaction. Even under these conditions the two platforms yielded concordant 
results for well more than half the measurements. As shown in Figure S3, Pearson correlations 
between the two platforms among technical replicates yielding positive partitions, were strong and 
statistically significant, with coefficients of 0.93 for HF183/BacR287, 0.97 for Entero1a, and 0.98 for 
EC23S587. This correlation is further substantiated by ICC values (Table S9) of 0.963, 0.983, and 0.983 
for SRM 2917 quantified by HF183/BacR287, Entero1a, and EC23S857 assays, respectively, suggesting 
excellent quantitative agreement between the two dPCR platforms when quantifying the SRM 2917 
control material. 

Despite the strong potential of dPCR for water quality assessment[11], to our knowledge, there 
are no peer-reviewed studies examining the comparability of dPCR platforms for measuring 
molecular targets relevant to water microbiology. Most environmental microbiology publications 
have instead benchmarked the performance of droplet digital (dd) or dPCR relative to qPCR.[22–25] 
A comparison of four dPCR platforms for measuring a certified reference plasmid found they 
provided estimates close to the certified value and with expected precision, although whether or not 
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the material was linearized and accounting for the partition size was crucial for performance.[26] 
Similarly, another study found when dPCR partition volume was accounted for two digital PCR 
platforms and qPCR achieved nearly equal analytical sensitivity and precision for quantifying 
plasmid and genomic DNA from human cytomegalovirus.[27] In clinical applications, relevant 
observations include: moderate agreement between ddPCR and dPCR for detecting mutations in cell-
free DNA[28]; strong correlation between methylation levels measured by ddPCR and dPCR[29]; 
“full concordance” in DNA copy numbers measured by qPCR, ddPCR, and dPCR[30]; and, 
correlation between transcript copy numbers measured by RT-qPCR and on three different RT-dPCR 
platforms.[31] 

Our experience using two microfluidic dPCR platforms to measure a standard reference material 
containing various fecal indicator targets is consistent with the clinical experience. We found both 
the Qiacuity and Absolute Q dPCR platforms achieved high precision (CoV < 30%) at target 
concentrations from 1.5 to 1.8 log10 GC/reaction. Our assessment of precision was performed using 
the arithmetic target concentrations and should be interpreted as quite stringent. The platforms also 
achieved statistically comparable 95% LODs for each assay, despite the large difference in dead 
volumes between Qiacuity (~40%) and Absolute Q (~5%). We hypothesize this is because the rate 
limiting step is the subsampling from the tube containing the template, theoretically a Poisson 
process, rather than the probability of the template being included in the effective dPCR reaction 
volume. Importantly, our findings concerning the 95% LOD should be interpreted as an operational 
similarity rather than a strictly statistical one. Our limited number of replicates (8 – 20) may not lead 
to adequate power to detect a “real” difference. However, we assert our findings would be valid for 
studies using 8 or fewer dPCR replicates, which is most. Our findings suggest that for the three assays 
tested, Qiacuity and Absolute Q achieved similar precision and analytical sensitivity and estimated 
similar quantities across a template gradient to levels well below 10 GC/reaction. It is not clear if this 
equivalence would extend to other digital partitioning methods, such as ddPCR, but microfluidic 
dPCR may afford a compelling opportunity to harmonize qPCR measurements via reference material 
quantification, which is a significant source of variation in qPCR measurements.[32] More directly, 
our results suggest, that for Qiacuity and Absolute Q, estimated target concentrations might be 
readily comparable across study settings. Further studies to examine the generalizability of our 
findings across different laboratories, operators, and for additional assays would greatly bolster the 
generalizability of our results, which are limited by the scope of our interest and the resources we 
had available for methods development. Importantly, the observations produced using SRM 2917 
should be interpreted as an ideal case, which motivated us to experiment with water sample-derived 
material as well. 

Qualitative and Quantitative Agreement with Water Samples 

Recognizing that experiments with an SRM control plasmid would not include variability 
associated with environmental matrices, we also conducted dPCR experiments using surface water 
samples. Each water sample was filtered in triplicate (filter A, B, C) and then each filter was tested in 
duplicate for each assay on each dPCR platform. We evaluated the performance of each dPCR 
platform for quantifying target abundance at both replication levels: technical replicates (i.e., repeat 
dPCR measurements of the same DNA extract) and filter replicates (dPCR measurements of DNA 
extracts from three different filtrations of the same surface water sample). Qualitative results across 
all filter and dPCR replicates on both Qiacuity and Absolute Q (Table S8) indicate among the 10 
waterbodies sampled, Entero1a was most prevalent (59/60 replicates on Qiacuity, 58/60 on Absolute 
Q, p > 0.9999), followed by EC23S857 (51/60 and 49/60, p > 0.5000) and lastly HF183/BacR287 (22/60 
and 10/60, p = 0.0005). The greatest difference in the proportion of filter replicates positive (i.e., at 
least one positive partition among two dPCR replicates) between the two platforms was for 
HF183/BacR287, where 17/30 filters were positive by Qiacuity while only 7/30 were positive by 
Absolute Q (p = 0.0020). For Entero1a only a single additional filter was positive by Qiacuity 
compared to Absolute Q and for EC23S857 the same number tested positive by both platforms. As 
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shown in Table S10, the overall concordance among qualitative filter results from each platform was 
66.7% for HF183/BacR287, 86.7% for EC23S857, and 95% for Entero1a. Statistically significant 
differences in target prevalence among dPCR replicates and filter replicates were only observed for 
HF183/BacR287, which is notable since the analytical sensitivities established with the plasmid 
control were equivalent (6.54 vs. 6.67). This suggests there is a difference in sensitivity when working 
with water sample-derived material that is not sufficiently explained by random variation or the 
assay 95% LOD and could be an effect of the sample matrix. Further considering the differences in 
concordance requires including target abundance, since as target concentration decreases in the water 
column, we would expect that the variability would increase for both quantitative and qualitative 
measurements due to increasing subsampling variation. 

We also evaluated the performance of each dPCR platform for quantifying target abundance at 
both replication levels. Among technical replicates yielding a positive partition, Pearson correlation 
coefficients between dPCR replicates for each assay on each platform ranged from 0.95 to 0.99 and 
were statistically significant (⍺ < 0.05, Figure S4), indicating strong linear agreement between dPCR 
replicates on each platform. Quantitative agreement between dPCR technical replicates was excellent 
for all three assays on both Qiacuity and Absolute Q, with ICCs of 0.993 and 0.965, respectively for 
HF183/BacR287, 0.969 and 0.981, respectively, for EC23S857 and 1.000 on both platforms for Entero1a 
(Table S9). When comparing dPCR technical replicates between dPCR platforms (Figure S5), 
estimated target abundance was very strongly (r > 0.95, HF183/BacR287, Entero1a) to strongly (r = 
0.80, EC23S857) correlated. Similarly, across all technical replicates, ICCs suggested excellent 
quantitative agreement between Qiacuity and Absolute Q for HF183/BacR287 (0.960) and Entero1a 
(0.992) and good agreement for EC23S857 (0.839) (Table S9). 

At the level of filter replicates, the Pearson correlation remained strong for Entero1a on both 
Qiacuity (r > 0.97, Figure S6(A1,A2)) and Absolute Q (r > 0.98, Figure S6(B1,B2)). Although the 
Entero1a quantitative agreement between filter replicates on both platforms remained good (ICC = 
0.882 and 0.924, respectively, Table S9), it was not as strong as among dPCR technical replicates. 
Conversely, for EC23S857, correlation between filter replicates was notably lower on both platforms, 
ranging from 0.71 to 0.93 on Qiacuity and 0.45 to 70 on Absolute Q (Figure S7), although the 
quantitative agreement could still be considered good (Table S9). In the case of HF183, there were an 
insufficient number of individual filter replicates yielding positive partitions by dPCR on either 
platform to assess the correlation or ICC. As shown in Figure S8, mean target concentrations 
estimated by Qiacuity and Absolute Q for each water sample (i.e., for all six dPCR replicates from all 
three filter replicates), were very strongly correlated for Entero1a (r = 1.00) and strongly correlated 
for EC23S857 (r = 0.87). Only two water samples produced paired HF183/BacR287 quantities so the 
correlation between platforms could not be assessed. 

While our statistical results demonstrate high precision (i.e., repeatability) for each individual 
dPCR platform and strong linear correlation and quantitative agreement between them, at the most 
fundamental level the primary consideration is that the platforms return similar results during 
microbial water quality assessments. As shown in Figure 1, from a water quality assessment 
perspective, the log10-scale agreement between filter replicate pairs on each dPCR platform is 
reasonably strong for most sites, especially when the target abundance is greater than 2 log10 GC/100 
mL. Enterococci marker Entero1a was consistently detected at all sites, with estimated abundance 
ranging from approximately 6 log10 GC/100 mL in the Corporation Canal (CC) to less than 3 log10 
GC/100 mL in some filter replicates for Bayou Fountain (F) and Sandy Creek (SC). The rank order 
from highest Entero1a abundance to lowest (averaging all six measurements) was the same for both 
dPCR platforms, except for one positional switch between site F (Δlog10 = 0.22 between platforms) 
and Comite River 1 (Com1, Δlog10 = 0.02 between platforms). EC23S857, genetic marker for E. coli, 
was also detected at all sites, although less consistently across filter replicates. EC23S857 abundance 
ranged from roughly 3.5 log10 GC/100 mL at CC to just under 2 log10 GC/100 mL in Bayou Manchac 
(M). In the case of EC23S857, the ordinal agreement from highest abundance to lowest between dPCR 
platforms was much less than Entero1a, with 7 sites having a positional switch; however, the change 
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in log10 values between platforms only ranged from 0.55 (Com2) to 0.04 (F), suggesting that the re-
ordering is largely due to a much smaller gradient among the EC23S857 values observed across all 
sites. When assessed by Entero1a or EC23S857 abundance on either platform, the division of sites into 
upper-half (CC, Com2, Com3, F, Com1) and lower-half (CP, GP, M, SC, A) is consistent for both. In 
the case of human sewage marker HF183/BacR287, no site yielded detections across all filter replicates 
on both platforms, and only two sites yielded detection by both platforms – Bayou Fountain (F, 5 of 
6 filter replicates, 2 to 3 log10 GC/100 mL) and Amite River (A, 2 of 6 filter replicates, <2 log10 GC/100 
mL). There were sporadic low-level detections by Qiacuity in individual filter replicates for Comite 
River 3 (Com3), City Park Lake (CP), and Corporation Canal (CC). Interpreted together, the dPCR 
results suggest the presence of fecal indicator bacteria DNA across all 10 sites with particularly high 
levels in Corporation Canal, the Comite River, and Bayou Fountain. In the case of Bayou Fountain, 
consistent detection of HF183/BacR287 suggests human fecal contamination of the waterbody, most 
likely from sewage, and warrants further investigation. 

 
Figure 1. Fecal indicator concentrations at 10 sampling sites as measured in triplicate filters (A, B, C) and dPCR 
duplicates on Qiacuity (blue symbols) and Absolute Q (green symbols) dPCR systems. 

While our comparison of these two dPCR platforms for the three assays is robust, alone it cannot 
answer the most pertinent question for assessing our results – what level of agreement between dPCR 
systems is required for the purpose of water quality assessment? When targets are expected to be 
present at higher abundance, such as fecal indicator and MST markers in highly impacted 
waterbodies, either dPCR platform performs well for detection and quantification. Even so, in 
isolation different markers can yield conflicting results during water quality assessment, especially 
in waterways subjected to multiple fecal input sources, as has been previously noted.[33,34] This 
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challenge is likely to persist with the proliferation of many assays for source tracking.[35] When 
considered on a strictly quantitative basis, our results produced a different ranking of sites for 
different fecal indicator assays on the same platform and the same assay on different platforms. 
However, when our results are considered on a more qualitative basis, the results for all assays on all 
platforms consistently indicated an upper half of more impacted sites and a lower half of less 
impacted sites. This is consistent with the holistic and semi-quantitative nature of water quality 
assessment and the need for frameworks and models to incorporate a variety of data streams for 
decision making[36,37], especially in scenarios where targets are present at low abundance and data 
are highly censored.[38] 

Ultimately, the risk posed to human health by fecal pollution varies depending on the source of 
fecal pollution and the potential microbial hazards, emphasizing the importance of a context specific 
approach that links fecal indicators to human health risks.[39–41] For example, risk assessment 
models have suggested a threshold of approximately 2.7 log10 GC/100 mL of HF183 to maintain risks 
below acceptable levels due to recreation in water primarily impacted by human sewage[42], 
although this value likely depends on the source of the sewage within the collection system[43], not 
to mention the difficulty of linking molecular signals to infectivity.[3] In this case, if the improved 
sensitivity of Qiacuity for detecting HF183/BacR287 in water samples were to extend to detecting 
human pathogens, it could confer an advantage over Absolute Q. Nonetheless, we assert that in the 
context of the complexity and uncertainty of interpreting molecular data for water quality 
assessment, the impact of measurement differences between Qiacuity and Absolute Q dPCR for the 
three assays considered in our study would de minimis, especially when experiments are performed 
to standards such as dMIQE[44] or EMMI guidelines.[45] 

Study Limitations 

Several important limitations constrain the generalizability of our findings. The experiments 
were all performed by a single dPCR operator working in a single lab. Additional experiments adding 
layers of variation, such as multiple operators and comparing across multiple labs would be useful 
to establish the reproducibility of our findings. We only performed our experiments using three 
assays, although we selected assays that are in use or proposed for use is widely applied standard 
methods for water quality assessment. It would be useful to examine whether our findings extend to 
other assays. We also only worked with only 10 surface water grab samples from a limited geographic 
area, so our ability to assess matrix effects may not be comprehensive. Finally, we only considered 
two dPCR platforms, both of which are microfluidic, among the many platforms commercially 
available. Such platforms are expensive, and we could only afford two, but whether the comparability 
extends to ddPCR is an open and pertinent question. 

Conclusions 

Overall, we find that the Qiacuity and Absolute Q dPCR platforms performed comparatively for 
measuring a linearized plasmid control material by three different assays (HF183/BacR287, Entero1a, 
EC23S857) with strong qualitative and quantitative agreement (ICC > 0.96) for target levels down to 
1.5 log10 GC/reaction. Below this threshold, the two platforms also produced statistically similar 95% 
LODs for each of the three assays considered, ranging from 4.5 to 10 GC/reaction. For water samples, 
Qiacuity detected HF183/BacR287 more frequently than Absolute Q (p < 0.05), although the estimated 
abundance was typically less than 100 GC/100 mL. For more prevalent and abundant targets such as 
Entero1a and EC23S857, both platforms achieved very strong correlation among dPCR replicates (r > 
0.95) and demonstrated strong quantitative agreement (ICC > 0.84). Given the large uncertainties 
when interpreting molecular marker data for water quality management, we conclude Qiacuity and 
Absolute Q are functionally equivalent for the three fecal indicator assays considered in our study. 

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org. 
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