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Presentation Overview

 Introduce microbial source tracking (MST) 

 Digital PCR (dPCR)

Quality control and method optimization

Monitoring results



Background

 Series of testing to differentiate sources (such as human, 
domestic animals, or wildlife) of fecal coliforms in 
waterbody

 Based on assumption that fecal bacteria from a particular 
host poses its unique characteristics

 Target genes can be “fingerprinted” or tied to a particular 
type of mammal, human or bird

 Support bacteria TMDL development and implementation 
 Identify sources and implement target controls 



Source: Pathogen Workshop Series Fact Sheet #4. http://www.cws.msu.edu
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Case Studies

 Virginia DEQ began using MST 
to identify fecal bacteria sources 
in the 1990s and has since 
implemented a statewide MST 
program to support TMDL 
development 

 Page Brook Watershed: average 
of 94% fecal coliform reduction 
(cattle) from pre-fencing to 
post-fencing (Hagedorn et al. 
1999) 

Source: Using Microbial Source Tracking to Support TMDL Development and 

Implementation (2011)
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Standardized Methods
 Method 1696: Characterization of Human Fecal Pollution in Water by 

HF183/BacR287 TaqMan® Quantitative Polymerase Chain Reaction 
(qPCR) Assay. March 2019

 Method 1697: Characterization of Human Fecal Pollution in Water by 
HumM2 TaqMan® Quantitative Polymerase Chain Reaction (qPCR) 
Assay® March 2019

 Method B: Bacteroidales in Water by TaqMan® Quantitative 
Polymerase Chain Reaction (qPCR) Assay. June 2010 

 Draft Method C: Escherichia coli qPCR method 



Digital PCR Basics

• absolute quantification
• partition of target genes 
• Poisson distribution



Comparison with conventional-PCR

Source: https://www.thermofisher.com/us/en/home/life-science/pcr/real-time-pcr/real-time-pcr-learning-center/real-time-pcr-basics/real-
time-vs-digital-vs-traditional-pcr.html



Source: Phenix-Lan Quan , Martin Sauzade, and Eric Brouzes. dPCR: A Technology Review. Sensors 2018, 18, 1271



Advantages of dPCR
 no known standards needed
 increases the ratio of the target of interest versus the 

background
 binomial probability well translated by using Poisson 

distribution
 improved sensitivity and reproducibility
 enhanced inhibitor resistance
 ease of use



Workflow of QS3D dPCR



Primer sets



Assay Optimization
 Annealing temperature 
 Amount of DNA, primers, and probe in assay
 Dilutions



Sample Processing Control (SPC): Sketa22 



Laboratory blank and non-template control



Sensitivity: detect single gene copy, relative 
percentage difference (RPD)<10% 

 Four replicates of diluted positive 
control 
at <10 copies/µL

 Standard deviation < 1.0 copies/µL

 Relative percent difference (RPD) <10%



Spike Raw Sewage

copies/uL spiked %R
BacH 10.2 62.5 105

10.7 67.8 114

BacR 12.8 68.9 112
11.5 69.5 116



Inhibition Resistance



Monitoring Site



Monitoring Data
Date HumanSource RuminantSource E.coli

copies/100mL  copies/100mL mpn/100mL
7/11/2018 39.9 69.7 4.1
8/1/2018 2537 6287 6130
8/15/2018 86.9 72.4 42.2
8/29/2018 63 75 19.7
9/5/2018 92 39 59.1
10/3/2018 273 182 122
10/17/2018 320 153 23.1
10/31/2018 98 138 29.2
11/7/2018 74 561 4610
11/27/2018 522 859 921
12/5/2018 638 1083 79.4
1/2/2019 1239 27977 548
1/16/2019 592 802 4.1
1/29/2019 661 895 45.7
2/6/2019 524 884 6.3
3/6/2019 128 2350 9.8
3/20/2019 110 110 9.7
4/3/2019 93 147 5.2
5/1/2019 91 126 21.3
5/30/2019 30 61 31.3
6/5/2019 100 55 18.7
6/19/2019 51 40 25.9

Date HumanSource RuminantSource E.coli
copies/100mL  copies/100mL mpn/100mL

7/10/2019 186 244 579
7/24/2019 108 72 122
8/7/2019 24 29 816
8/21/2019 42 70 272
9/4/2019 141 146 10.7
9/18/2019 41 36 8.5
10/2/2019 199 170 3.1
10/16/2019 337 290 14.2
10/30/2019 183 154 38.4
11/5/2019 119 184 114
11/20/2019 153 142 19.3
12/4/2019 313 722 12.2
12/17/2019 234 14200 308
1/2/2020 1881 3380 50.4
2/5/2020 146 209 7.3
2/20/2020 189 199 8.5
3/4/2020 113 174 3.1
3/16/2020 78 69 8.6
4/29/2020 198 178 48.8
5/6/2020 339 226 63.1
5/20/2020 160 150 5.2
6/3/2020 215 307 6.3
6/17/2020 124 197 24.6



2018-19 Trend of Human/Ruminant 
Source, and E.coli by Colilert



2019-20 Trend of Human/Ruminant Source, 
and E.coli by Colilert



Conclusions
 Assay optimization is key
 Design experiment with consideration of all necessary 

quality control components
 Assess assay specificity
 Normalize biomarker and E. coli data
 dPCR can be a viable tool for microbial risk assessment

dongmei@vt.edu



Source: https://www.thermofisher.com/us/en/home/brands/thermo-scientific/molecular-
biology/molecular-biology-learning-center/molecular-biology-resource-library/spotlight-
articles/history-pcr.html


