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Supplemental Text S1. Detection of norovirus

For analysis of untreated wastewater treatment plant influent, a volume of 2 L was concentrated
by standard polyethylene glycol flocculation methods (Lambertini et al., 2008). Final
concentrated sample volumes, typically 2 to 4 mL, were stored at —20°C until nucleic acid
extraction. The QIAamp DNA blood mini kit and buffer AVL (Qiagen, Valencia, CA) were used
to extract nucleic acids from these stored volumes.

Samples were analyzed by two-step reverse transcription (RT)-qPCR (RNA viruses) using
SuperScript III (Life Technologies, Carlsbad, CA) and LightCycler 480 Probes Master kit
(Roche Diagnostics, Mannheim, Germany). The RT qPCR procedures are described in detail by
Borchardt et al. (2012). Primers targeting GI norovirus (Jothikumar et al., 2005) and GII
norovirus (Kageyama et al., 2003) have been described previously. Primer (IDT, Coralville, 1A)
and hydrolysis probe (TIB Molbio, Berlin, Germany) concentrations were 250 nM and 50 nM,
respectively. Efficiencies for GI norovirus ranged from 0.924 to 1.066 with an average R of
0.990. All samples were tested for RT and PCR inhibition following the method of Gibson et al.
(2012). No-template controls (i.e., negative controls) for the RT, PCR, and extraction steps were
negative. The qPCR standard curves were generated from archived stocks (cultures or human
stool specimens) of each norovirus type. Standards were prepared and enumerated following the
methods described in the Supplemental Material of Borchardt et al. (2012).

The 95% limit of detection (95% LOD) has been estimated for adenovirus and enterovirus
previously, although the filtration step during LOD estimation used dead-end ultrafiltration
instead of glass wool filtration. The 95% LODs were 1.5 and 4.0 gene copies L', respectively
(Stokdyk et al., 2016). These LODs are for the full analytical process including losses from filter
elution, secondary concentration, and nucleic acid extraction. As the 95% LOD gives the lowest
concentration at which there is a 95% probability of detection, concentrations reported below it
are less likely to be detected but are, nonetheless, true positives.
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Table S1. Urban estuary samples collected under low-flow, rainfall, and rainfall with

combined sewer overflows (CSOs)

Number of Composite type
Event Number of | samples analyzed for qPCR
Start date End date type samples using qPCR analysis

8 June 2009 11 June 2009 Rain 69 22 1-h sample

16 June 2009 18 June 2009 Baseflow 48 5 1-h sample

19 June 2009 22 June 2009 CSO 75 32 1-h sample

22 October 2009 | 25 October 2009 Rain 58 28 1-h sample
5 April 2010 8 April 2010 Rain 16 16 4-h composite
23 April 2010 26 April 2010 Rain 15 15 4-h composite
10 May 2010 14 May 2010 Rain 23 23 4-h composite
18 May 2010 19 May 2010 Baseflow 5 5 4-h composite
23 July 2010 27 July 2010 CSO 11 24 4-h composite
20 June 2011 24 June 2011 CSO 48 31 2-h composite
25 July 2011 26 July 2011 Baseflow 12 5 2-h composite
27 July 2011 29 July 2011 Rain 36 24 2-h composite
12 October 2011 | 14 October 2011 Rain 24 24 2-h composite

TOTAL 476 254




Table S2. Traditional host-associated qPCR assay primers, standard curves, and references

Assay, target, references Primers Sequence Slope and y | Efficiency
intercept
E. coli, uidA1663F 5'GCG ACC TCG CAA GGC ATA3' —3.34,38.69 | 99.41
uidA gene, uidA1790R 5'GAT TCA TTG TTT GCC TCC CTG CTG CG3'
Li et al. (2006) uidA1729p 5'[6FAM]-
TGCAGCAGAAAAGCCGCCGACTTCGG [MGB-
NFQ] 3'
Enterococci, 23S rRNA gene, | EnterolF-G 5'GAG AAATTC CAA ACG AACTTG3' —3.37,39.55 | 98.13
USEPA (2012) Entero2R 5'CAG TGC TCT ACC TCC ATC ATT3'
Enterop S'[6FAM]-
TGGTTCTCTCCGAAATAGCTTTAGGGCTA[
MGB-NFQ] 3'
HB, HF183F 5'ATC ATG AGT TCA CAT GTC CG3' -3.30,37.72 | 100.85
16S rRNA gene of human HF241R 5'CGT TAC CCC GCC TAC TAT CTA ATG3'
Bacteroides, HF193p S'[6FAM]-TCC GGT AGA CGA TGG GGA TGC
Templar et al. (2016), modified GTT [MGB-NFQ] 3'
from Bernhard and Field
(2000) and
Kildare et al. (2007)
Lachno2, Lachno2-F S'TTCGCAAGAATGAAACTCAAAG3' -3.38,37.37 | 97.76
human Lachnospiraceae Lachno2-R 5S'AAGGAAAGATCCGGTTAAGGATC3'
(genus Blautia), Lachno2p 5S'T6FAM]-ACCAAGTCTTGACATCCG [MGB-
Newton et al. (2011) NFQ] 3'
Ruminant-specific RumBacR_f 5'GCG TAT CCA ACC TTC CCG3' -3.51,40.97 | 92.82
Bacteroidetes, RumBacR r 5'CAT CCC CAT CCG TTAC CG3'
Reischer et al. (2006) RumBacR p 5'[6FAM]-CTT CCG AAA GGG AGA TT [MGB-

NFQI3'
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Table 3S. Logio mean and associated standard deviation (in log space) of HB, Lachno2, and
norovirus

Target logjomean®  SD of log;o-transformed values
HB (CNL™) 8.442 0.2403
Lachno2 (CNL™) 8.774 0.2325
Norovirus (GC L™ 4.502 0.7535

*Units are log (copies per liter). Only positive values were used for determining the norovirus
distribution of QMRA. A Lilliefors test of normality indicates that HB, Lachno2, and norovirus
distributions were log-normal at o = 0.1.
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Figure S1. Box and whisker plots of risk of illness from norovirus given a concentration of
HB in river water. Analysis assumes that source of HB is raw sewage that is recent; i.e., 0—7
days. The red line shows the threshold illness level of 30/1000. The middle line in each box is
the median probability of illness (Pyy;) from the 10,000 iterations of the model. The top and
bottom of the boxes are the 75" and 25™ percentiles, respectively. The top and bottom of each
whisker are the 90™ and 10™ percentiles, respectively, of those distributions.
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Figure S2. Box and whisker plots of risk of illness from norovirus given a concentration of
Lachno2 in river water. Analysis assumes that source of Lachno2 is raw sewage that is recent;
i.e., 0—7 days. The red line shows the threshold illness level of 30/1000. The middle line in each
box is the median Py, from the 10,000 iterations of the model. The top and bottom of the boxes
are the 75" and 25™ percentiles, respectively. The bottom and top of each whisker are the 90"
and 10" percentiles, respectively, of those distributions.



