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Heat Inactivation of Norovirus 
The human intestinal enteroid (HIE) assay was used to evaluate the inactivation kinetics of viable norovirus when exposed to heat. Figure S1 depicts the RT-qPCR data for 1-hour post infection, 72-hour post infection, and input virus for each time point for the temperatures tested, 50°C, 60°C, and 70°C. The input virus represents the level of virus taken directly from each sample tube at the specified time point and also indicates the level of virus being added to the HIE assay from the samples did not differ across experiments. The net increase of norovirus replication is shown by the quotient of the 72-hour post infection RT-qPCR concentration and the 1-hour post infection RT-qPCR concentration. The net increase for each temperature and time point is shown in Figure S2. As the experiments increased in temperature, norovirus replication decreased over time, resulting in samples with no replication. The input virus had no significant change over any of the experimental temperatures. 
[image: ]

Figure S1 Heat Inactivation of norovirus. The columns show the different experimental temperatures, and the rows of plots show the genome copies per mL for 1 hour post infection, 72 hours post infection, and for the input virus for the HIE assay. Each point shows the mean of all the technical replicates (n = 6) and the error bars show the standard deviation. 
[image: ]

Figure S2: Net Increase of norovirus RNA in the HIE assay with Heat Inactivation. Each panel shows a different experimental temperature, with time in minutes on the x-axis and genome copies per mL on the y-axis. The input virus from the first and last time point is shown in blue and the net increase from the 1-hour post infection to 72-hours post infection is shown in red. The horizontal line indicates whether replication occurred in the HIE assay. Each point shows the mean of all the technical replicates (n = 6) and the error bar show the standard deviation. 

Table S1: Time points selected for each temperature for MS2 Bacteriophage and Norovirus
	Temperature
	MS2 Bacteriophage
Time Points
(min)
	Human Norovirus
Time Points
(min)

	50°C
	0.5, 5, 10, 15, 20, 30, 40, 50, 60, 90, 120
	0, 5, 10, 15, 20

	60°C
	0.5, 5, 10, 15, 20, 30, 40, 50, 60, 90, 120
	0, 2.5, 5, 7.5, 10

	70°C
	0.5, 1, 3, 5, 7, 10, 15, 30, 60
	0, 0.5, 1, 1.5, 2, 5




Table S2: Oligonucleotide primers, probes, and thermocycling conditions used in this study
	Target
	
	Sequences
	Manufacturer
	Final reaction concentration (nM)
	Thermal
Cycling Conditions
	Molecular Method Used
	Reference

	Norovirus GI 
	F
	CGY TGG ATG CGI TTY CAT GA
	IDT
	400
	45°C for 10 min for RT, 95°C for 10 min, and 45 cycles of 95°C for 15 sec, 60°C for 1 min
	RT-qPCR
	(Trujillo et al., 2006)

	
	R
	CTT AGA CGC CAT CAT TYA C
	IDT
	400
	
	
	

	
	P
	FAM-TGG ACA GGR GAY CGC -MGBNFQ
	ABI
	200
	
	
	

	Norovirus GII
	F
	CAR GAR BCN ATG TTY AGR TGG ATG AG
	IDT
	400
	
	RT-qPCR
	(Trujillo et al., 2006)

	
	R
	TCG ACG CCA TCT TCA TTC ACA
	IDT
	400
	
	
	

	
	P
	Cy5-TGG GAG GGC GAT CGC AAT CT-BHQ2
	IDT
	200
	
	
	

	MS2 (Internal Control)
	F
	TGG CAC TAC CCC TCT CCG TAT TCA CG
	IDT
	100
	
	RT-qPCR
	(Park et al., 2017)

	
	R
	GTA CGG GCG ACC CCA CGA TGA C
	IDT
	100
	
	
	

	
	P
	HEX-CAC ATC GAT AGA TCA AGG TGC CTA CAAGC-BHQ1
	IDT
	100
	
	
	

	MS2
	F
	TCG ATG GTC CAT ACC TTA GAT GC
	IDT
	900
	50°C for 60 min for RT, 90°C for 10 min, 45 cycles of 95°C for 30 sec and 58°C for 1 min, 98°C for 10 mins
	RT-ddPCR

	
(Brié et al., 2016)

	
	R
	ACC CCG TTA GCG AAG TTG CT
	IDT
	900
	
	
	

	
	P
	FAM-CTCGTCGACAATGG-MGBNFQ
	Applied Biosciences
	250
	
	
	



Table S3: MS2 Bacteriophage Data for 50°C
	Time
(min)
	Culture-Based Mean Concentration (St. Dev)
(PFU/mL)
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)

	0.0
	1.00e+09 (1.00e+08)
	1.49e+08 (0.00e+00)

	0.5 
	8.50e+08 (1.64e+08)
	5.22e+07 (4.51e+07) 

	5.0
	6.50e+08 (2.42e+08)
	

	10.0
	6.50e+08 (3.02e+08)
	

	15.0
	1.12e+09 (2.99e+08)
	

	20.0
	7.33e+08 (2.07e+08)
	

	30.0
	5.33e+08 (2.88e+08)
	

	40.0
	7.50e+08 (4.04e+08)
	

	50.0
	6.00e+08 (2.10e+08)
	

	60.0
	4.83e+08 (9.82e+07)
	

	90.0
	5.67e+08 (4.32e+08)
	

	120.0
	4.50e+08 (2.81e+08)
	8.01e+07 (8.19e+07)



Table S4: MS2 Bacteriophage Data for 60°C
	Time
(min)
	Culture-Based Mean Concentration (St. Dev)
(PFU/mL)
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)

	0.0
	1.00e+09 (1.00e+08)
	1.49e+08 (0.00e+00)

	0.5 
	3.97e+08 (9.99e+07)
	6.73e+07 (7.45e+07) 

	5.0
	2.53e+08 (6.71e+08)
	

	10.0
	1.78e+08 (5.00e+07)
	

	15.0
	2.68e+08 (7.31e+07)
	

	20.0
	1.80e+08 (1.79e+07)
	

	30.0
	8.00e+07 (1.79e+07)
	

	40.0
	5.67e+07 (2.25e+07)
	

	50.0
	5.06e+07 (1.08e+07)
	

	60.0
	2.53e+07 (1.12e+07)
	

	90.0
	7.00e+06 (3.90e+06)
	

	120.0
	2.71e+06 (3.66e+05)
	3.82e+07 (0.00e+00)



Table S5: MS2 Bacteriophage Data for 70°C
	Time
(min)
	Culture-Based Mean Concentration (St. Dev)
(PFU/mL)
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)

	0.0
	1.00e+09 (1.00e+08)
	1.49e+08 (0.00e+00)

	0.5 
	6.40e+08 (3.49e+08)
	6.05e+07 (0.00e+00) 

	1.0
	1.18e+07 (3.65e+06)
	

	3.0
	2.78e+06 (1.72e+06)
	

	5.0
	9.23e+06 (1.00e+07)
	

	7.0
	1.41e+07 (2.10e+06)
	

	10.0
	3.20e+06 (3.87e+06)
	

	15.0
	1.85e+06 (4.10e+05)
	

	30.0
	1.70e+06 (3.67e+05)
	

	60.0
	2.67e+03 (8.16e+02)
	2.59e+07 (2.83e+07)








Table S6: Human Norovirus Data for 50°C
	Time
(min)
	Time Post Infection
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)
	Net Increase from 1 hpi to 72 hpi (St. Dev)

	0.0
	Input
	1.78e+07 (7.61e+06)
	1.17e+02
(1.64e+02)

	
	1 hpi
	1.80e+05 (8.19e+04)
	

	
	72 hpi
	2.11e+07 (1.34e+07)
	

	5.0 
	1 hpi
	2.47e+05 (8.06e+04)
	9.64e+01 
(1.21e+01)

	
	72 hpi
	2.38e+07 (9.72e+06)
	

	10.0
	1 hpi
	2.91e+05 (1.06e+05)
	1.02e+01 
(3.32e+01)

	
	72 hpi
	2.98e+06 (3.52e+06)
	

	15.0
	1 hpi
	3.25e+05 (2.08e+05)
	1.34e+01
(2.86e+01)

	
	72 hpi
	4.34e+06 (5.94e+06)
	

	20.0
	Input
	1.41e+07 (3.19e+06)
	8.99e-01
(1.13e+00)

	
	1 hpi
	3.77e+05 (1.48e+05)
	

	
	72 hpi
	3.39e+05 (1.67e+05)
	




Table S7: Human Norovirus Data for 60°C
	Time
(min)
	Time Post Infection 
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)
	Increase from 1 hpi to 72 hpi (St. Dev)

	0.0
	Input
	1.68e+07 (7.00e+06)
	2.04e+02
(4.43e+02)

	
	1 hpi
	1.66e+05 (1.03e+05)
	

	
	72 hpi
	3.38e+07 (4.56e+07)
	

	2.5 
	1 hpi
	2.56e+05 (5.69e+04)
	1.24e+02
(6.92e+02)

	
	72 hpi
	3.17e+07 (3.94e+07)
	

	5.0
	1 hpi
	2.27e+05 (4.31e+04)
	2.44e+01
(1.51e+02)

	
	72 hpi
	5.53e+06 (6.52e+06)
	

	7.5
	1 hpi
	3.36e+05 (1.34e+05)
	5.30e-01
(2.07e-01)

	
	72 hpi
	1.78e+05 (2.78e+04)
	

	10.0
	Input
	9.26e+06 (9.23e+04)
	6.12e-01
(4.33e-01)

	
	1 hpi
	1.13e+05 (1.00e+05)
	

	
	72 hpi
	6.92e+04 (4.33e+04)
	






Table S8: Human Norovirus Data for 70°C
	Time
(min)
	Time Post Infection 
	Molecular-Based Mean Concentration (St. Dev)
(Genome copies/mL)
	Increase from 1 hpi to 72 hpi (St. Dev)

	0.0
	Input
	2.15e+07 (1.89e+06)
	1.13e+02
(2.56e+02)

	
	1 hpi
	2.49e+05 (4.45e+04)
	

	
	72 hpi
	2.81e+07 (1.14e+07)
	

	0.5
	1 hpi
	1.97e+05 (6.50e+04)
	2.34e+02
(4.55e+02)

	
	72 hpi
	4.61e+07 (2.96e+07)
	

	1.0
	1 hpi
	2.28e+05 (5.84e+04)
	1.94e+02
(6.27e+02)

	
	72 hpi
	4.43e+07 (3.66e+07)
	

	1.5
	1 hpi
	2.96e+04 (9.83e+03)
	1.71e+02
(1.00e+02)

	
	72 hpi
	5.07e+07 (9.84e+05)
	

	2.0
	1 hpi
	2.32e+05 (4.51e+04)
	1.56e+02
(6.98e+02)

	
	72 hpi
	3.61e+07 (3.15e+07)
	

	5.0
	Input
	1.07e+07 (3.30e+06)
	8.02e-01
(1.34e+00)

	
	1 hpi
	3.03e+05 (7.06e+04)
	

	
	72 hpi
	2.43e+05 (9.47e+04)
	



Table S9: dMIQE Checklist for MS2 Bacteriophage RT-ddPCR 
	ITEM TO CHECK
	PROVIDED
	COMMENT

	Column1
	Y/N
	Column2

	1. SPECIMEN
	
	

	Detailed description of specimen type and numbers
	Y
	METHODS

	Sampling procedure (including time to storage)
	Y
	METHODS

	Sample aliquotation, storage conditions and duration 
	Y
	METHODS

	2. NUCLEIC ACID EXTRACTION
	
	

	Description of extraction method including amount of sample processed
	Y
	METHODS

	Volume of solvent used to elute/resuspend extract
	Y
	METHODS

	Number of extraction replicates
	N
	ND

	Extraction blanks included?
	Y
	METHODS

	3. NUCLEIC ACID ASSESSMENT AND STORAGE
	
	

	Method to evaluate quality of nucleic acids
	N
	ND

	Method to evaluate quantity of nucleic acids (including molecular weight and calculations when using mass)
	N
	ND

	Storage conditions: temperature, concentration, duration, buffer, aliquots
	Y
	METHODS

	Clear description of dilution steps used to prepare working DNA solution 
	Y
	METHODS

	4. NUCLEIC ACID MODIFICATION
	
	

	Template modification (digestion, sonication, pre-amplification, bisulphite etc.)
	N
	N/A

	Details of repurification following modification if performed 
	N
	N/A

	5. REVERSE TRANSCRIPTION
	
	

	cDNA priming method and concentration
	N
	N/A

	One or two step protocol (include reaction details for two step)
	Y
	METHODS

	Amount of RNA added per reaction
	Y
	METHODS

	Detailed reaction components and conditions
	Y
	METHODS

	Estimated copies measured with and without addition of RT*
	N
	ND

	Manufacturer of reagents used with catalogue and lot numbers
	Y
	METHODS

	Storage of cDNA: temperature, concentration, duration, buffer and aliquots
	N
	N/A

	6. dPCR OLIGONUCLEOTIDES DESIGN AND TARGET INFORMATION
	
	

	Sequence accession number or official gene symbol
	N
	REFERENCE

	Method (software) used for design and in silico verification
	N
	REFERENCE

	Location of amplicon
	N
	REFERENCE

	Amplicon length 
	N
	REFERENCE

	Primer and probe sequences (or amplicon context sequence)**
	N
	REFERENCE

	Location and identity of any modifications
	N
	REFERENCE

	Manufacturer of oligonucleotides
	Y
	SI 

	7. dPCR PROTOCOL
	
	

	Manufacturer of dPCR instrument and instrument model
	Y
	METHODS

	Buffer/kit manufacturer with catalogue and lot number
	Y
	METHODS

	Primer and probe concentration
	Y
	SI

	Pre-reaction volume and composition (incl. amount of template and if restriction enzyme added)
	Y
	METHODS

	Template treatment (initial heating or chemical denaturation)
	N
	N/A

	Polymerase identity and concentration, Mg++ and  dNTP concentrations***
	Y
	METHODS

	Complete thermocycling parameters
	Y
	SI

	8. ASSAY VALIDATION
	
	

	Details of optimisation performed
	Y
	SI

	Analytical specificity (vs. related sequences) and limit of blank (LOB)
	N
	ND

	Analytical sensitivity/LoD and how this was evaluated 
	N
	ND

	Testing for inhibitors (from biological matrix/extraction)
	N
	N/A

	9. DATA ANALYSIS
	
	

	Description of dPCR experimental design
	Y
	METHODS

	Comprehensive details negative and positive of controls (whether applied for QC or for estimation of error)
	Y
	METHODS

	Partition classification method (thresholding)
	Y
	METHODS

	Examples of positive and negative experimental results (including fluorescence plots in supplemental material)
	Y
	N/A

	Description of technical replication 
	N
	N/A

	Repeatability (intra-experiment variation)
	N
	ND

	Reproducibility (inter-experiment/user/lab etc. variation )
	N
	ND

	Number of partitions measured (average and standard deviation ) 
	N
	

	Partition volume 
	N
	

	Copies per partition (λ or equivalent ) (average and standard deviation) 
	N
	

	dPCR analysis program (source, version)
	Y
	METHODS

	Description of normalisation method
	N
	NA

	Statistical methods used for analysis   
	Y
	METHODS/ RESULTS

	Data transparency
	Y
	SI




Table S10: MIQE Checklist for norovirus RT-qPCR. E stands for essential information that has been provided within the manuscript, D stands for desirable information provided within the manuscript. 

	ITEM TO CHECK
	IMPORTANCE
	CHECKLIST

	EXPERIMENTAL DESIGN
	 
	 

	Definition of experimental and control groups
	E
	METHODS 

	Number within each group
	E
	  METHODS

	Assay carried out by core lab or investigator's lab?
	D
	 

	Acknowledgement of authors' contributions 
	D
	 

	SAMPLE
	 
	 

	Description
	E
	 METHODS

	     Volume/mass of sample processed
	D
	 METHODS

	    Microdissection or macrodissection
	E
	 

	Processing procedure
	E
	 

	     If frozen - how and how quickly?
	E
	 METHODS

	     If fixed - with what, how quickly?
	E
	 N/A

	Sample storage conditions and duration (especially for FFPE samples)
	E
	 METHODS

	NUCLEIC ACID EXTRACTION
	 
	 

	Procedure and/or instrumentation
	E
	 METHODS

	     Name of kit and details of any modifications
	E
	 METHODS

	     Source of additional reagents used 
	D
	 N/A

	Details of DNase or RNAse treatment
	E
	 N/A

	Contamination assessment (DNA or RNA)
	E
	 N/A

	Nucleic acid quantification 
	E
	 ND

	     Instrument and method
	E
	 ND

	     Purity (A260/A280) 
	D
	 ND

	     Yield
	D
	 ND

	RNA integrity method/instrument
	E
	 ND

	    RIN/RQI or Cq of 3' and 5' transcripts 
	E
	 ND

	    Electrophoresis traces
	D
	 ND

	 Inhibition testing (Cq dilutions, spike or other) 
	E
	 ND

	REVERSE TRANSCRIPTION
	 
	 

	Complete reaction conditions
	E
	 METHODS & SI

	     Amount of RNA and reaction volume
	E
	 

	    Priming oligonucleotide (if using GSP) and concentration
	E
	 N/A

	     Reverse transcriptase and concentration
	E
	 METHODS

	     Temperature and time
	E
	 SI

	     Manufacturer of reagents and catalogue numbers
	D
	 

	Cqs with and without RT
	D
	 N/A

	Storage conditions of cDNA
	D
	 N/A

	qPCR TARGET INFORMATION
	 
	 

	If multiplex, efficiency and LOD of each assay.
	E
	 METHODS

	Sequence accession number
	E
	 

	Location of amplicon
	D
	 

	     Amplicon length
	E
	 

	     In silico specificity screen (BLAST, etc)
	E
	 

	     Pseudogenes, retropseudogenes or other homologs?
	D
	 

	          Sequence alignment
	D
	 

	     Secondary structure analysis of amplicon
	D
	 

	Location of each primer by exon or intron (if applicable)
	E
	 

	     What splice variants are targeted?
	E
	 

	qPCR OLIGONUCLEOTIDES
	 
	 

	Primer sequences
	E
	 SI

	RTPrimerDB Identification Number 
	D
	 N/A

	Probe sequences
	E
	 SI

	Location and identity of any modifications
	E
	 N/A

	Manufacturer of oligonucleotides
	D
	 SI

	Purification method
	D
	 N/A

	qPCR PROTOCOL
	 
	 

	Complete reaction conditions
	E
	 METHODS

	     Reaction volume and amount of cDNA/DNA
	E
	 METHODS

	     Primer, (probe), Mg++ and dNTP concentrations
	E
	 SI

	     Polymerase identity and concentration 
	E
	 METHODS

	     Buffer/kit identity and manufacturer 
	E
	 METHODS

	     Exact chemical constitution of the buffer
	D
	 ND

	     Additives (SYBR Green I, DMSO, etc.)
	E
	 N/A

	Manufacturer of plates/tubes and catalog number
	D
	 ND

	Complete thermocycling parameters
	E
	 SI

	Reaction setup (manual/robotic)
	D
	 METHODS

	Manufacturer of qPCR instrument
	E
	 METHODS

	qPCR VALIDATION
	 
	 

	Evidence of optimization (from gradients) 
	D
	 

	Specificity (gel, sequence, melt, or digest)
	E
	 

	For SYBR Green I, Cq of the NTC
	E
	 

	Standard curves with slope and y-intercept
	E
	 

	     PCR efficiency calculated from slope
	E
	 

	     Confidence interval for PCR efficiency or standard error
	D
	 

	     r2 of standard curve
	E
	 

	Linear dynamic range
	E
	 

	     Cq variation at lower limit
	E
	 

	     Confidence intervals throughout range
	D
	 

	Evidence for limit of detection 
	E
	 

	If multiplex, efficiency and LOD of each assay.
	E
	 

	DATA ANALYSIS
	 
	 

	qPCR analysis program (source, version)
	E
	 

	     Cq method determination
	E
	 

	     Outlier identification and disposition
	E
	 

	Results of NTCs 
	E
	 

	Justification of number and choice of reference genes
	E
	 

	Description of normalization method
	E
	 

	Number and concordance of biological replicates
	D
	 

	Number and stage (RT or qPCR) of technical replicates
	E
	 METHODS

	Repeatability (intra-assay variation)
	E
	 N/A

	Reproducibility (inter-assay variation, %CV)
	D
	 N/A

	Power analysis
	D
	 N/A

	Statistical methods for result significance
	E
	 METHODS

	Software (source, version)
	E
	 METHODS

	Cq or raw data submission using RDML
	D
	 Available upon Request
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