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Table S1 Primer and probe sequences of the NRA_SAE_UTC assay. Sequences are based on previously published assays and modified. Concentrations refer to the final oligo concentrations in each PCR reaction mix. 2’O-methyl-RNA bases are indicated as “OMe-X” and LNA bases as “(+Y)”. ZEN/IBFQ = ZEN–Iowa Black fluorescence quencher, BHQ = Black Hole Quencher
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Table S2 Cobas omni Utility Channel run protocol for the NRA_SAE_UTC assay (2 assays) with internal control (IC). RFI (relative fluorescence increase) thresholds are used for automated result calls



	NRA_UCT
	
	
	

	Analyte
	Concentration
	Positive results
	Hitrate

	Norovirus GI
	78.1 dcp/ml
	2 / 21
	0.0952

	
	156 dcp/ml
	3 / 21
	0.143

	
	313 dcp/ml
	7 / 21
	0.333

	
	625 dcp/ml
	7 / 21
	0.333

	
	1,250 dcp/ml
	16 / 21
	0.762

	
	2,500 dcp/ml
	21 / 21
	1

	
	5,000 dcp/ml
	21 / 21
	1

	
	10,000 dcp/ml
	20 / 20
	1

	Norovirus GII
	78.1 dcp/ml
	9 / 21
	0.429

	
	156 dcp/ml
	16 / 21
	0.762

	
	313 dcp/ml
	20 / 21
	0.952

	
	625 dcp/ml
	21 / 21
	1

	
	1,250 dcp/ml
	21 / 21
	1

	
	2,500 dcp/ml
	21 / 21
	1

	
	5,000 dcp/ml
	21 / 21
	1

	
	10,000 dcp/ml
	20 / 20
	1

	Rotavirus
	78.1 dcp/ml
	3 / 21
	0.143

	
	156 dcp/ml
	13 / 21
	0.619

	
	313 dcp/ml
	14 / 21
	0.667

	
	625 dcp/ml
	18 / 21
	0.857

	
	1,250 dcp/ml
	21 / 21
	1

	
	2,500 dcp/ml
	21 / 21
	1

	
	5,000 dcp/ml
	21 / 21
	1

	
	10,000 dcp/ml
	20 / 20
	1

	Adenovirus
	7.81 dcp/ml
	6 / 21
	0.286

	
	15.6 dcp/ml
	15 / 21
	0.714

	
	31.3 dcp/ml
	17 / 21
	0.81

	
	62.5 dcp/ml
	20 / 21
	0.952

	
	125 dcp/ml
	21 / 21
	1

	
	250 dcp/ml
	21 / 21
	1

	
	500 dcp/ml
	21 / 21
	1

	
	1,000 dcp/ml
	20 / 20
	1

	
	
	
	

	
	
	
	

	SAE_UCT
	
	
	

	Analyte
	Concentration
	Positive results
	Hitrate

	Sapovirus 
	2 dcp/ml
	0 / 21
	0

	
	3.9 dcp/ml
	0 / 21
	0

	
	7.8 dcp/ml
	0 / 21
	0

	
	15.6 dcp/ml
	3 / 21
	0.143

	
	31.3 dcp/ml
	11 / 21
	0.524

	
	62.5 dcp/ml
	21 / 21
	1

	
	125 dcp/ml
	21 / 21
	1

	
	250 dcp/ml
	21 / 21
	1

	
	500 dcp/ml
	21 / 21
	1

	
	1,000 dcp/ml
	21 / 21
	1

	
	2,000 dcp/ml
	21 / 21
	1

	Astrovirus
	2 dcp/ml
	1 / 21
	0.0476

	
	3.9 dcp/ml
	0 / 21
	0

	
	7.8 dcp/ml
	1 / 21
	0.0476

	
	15.6 dcp/ml
	9 / 21
	0.429

	
	31.3 dcp/ml
	15 / 21
	0.714

	
	62.5 dcp/ml
	21 / 21
	1

	
	125 dcp/ml
	21 / 21
	1

	
	250 dcp/ml
	21 / 21
	1

	
	500 dcp/ml
	21 / 21
	1

	
	1,000 dcp/ml
	21 / 21
	1

	
	2,000 dcp/ml
	21 / 21
	1

	Enterovirus
	3.9 dcp/ml
	4 / 21
	0.19

	
	7.8 dcp/ml
	8 / 21
	0.381

	
	15.6 dcp/ml
	15 / 21
	0.714

	
	31.3 dcp/ml
	21 / 21
	1

	
	62.5 dcp/ml
	21 / 21
	1

	
	125 dcp/ml
	21 / 21
	1

	
	250 dcp/ml
	21 / 21
	1

	
	500 dcp/ml
	21 / 21
	1

	
	1,000 dcp/ml
	21 / 21
	1

	
	2,000 dcp/ml
	21 / 21
	1

	
	4,000 dcp/ml
	21 / 21
	1



Table S3 Hit rates of LoD experiment. LoDs were determined by serial dilution of standards, which were generated from diarrheal virus positive clinical samples and quantified by digital PCR. dcp = digital copies
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Table S4 Precision of the all targets of the NRA_SAE_UTC assay. The within-run, between-day and within-lab precision (ANOVA) was determined using a high positive, a low positive and a negative clinical sample in triplicates on three consecutive days. All negative samples were undetected and are not shown in the table. SD: standard deviation (in ct), CV: coefficient of variation (in %)
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Table S5 26 isolates of different common enteric bacteria and 12 clinical samples containing viruses were used for the exclusivity set. No false positives occurred







	Virus
	ct FP

	Enterovirus
	30.92

	Enterovirus
	33.26

	Enterovirus
	30.12

	Enterovirus
	34.43

	Sapovirus
	33.43

	Rotavirus
	34.79

	Norovirus GII
	39.70

	Adenovirus
	40.94

	Adenovirus
	35.57

	Adenovirus
	37.91

	 
	 

	Virus
	ct FN

	Norovirus GI
	24.8

	Norovirus GII
	31.4

	Astrovirus
	24.5



Figure S1 Ct values of remaining discrepant results in the clinical set. Reference assay was the Allplex™ GI-Virus Assay (Seegene) detecting Norovirus GI and GII, Rotavirus, Sapovirus and Astrovirus and the LightMix® Kit (TIB molbiol) detecting Enterovirus. Discrepant results were resolved using LightMix® Kits (TIB molbiol). FP: false positive, FN: false negative
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Norovirus GI Norovirus GII Rotavirus Adenovirus Sapovirus Astrovirus Enterovirus

A. baumannii 1 neg neg neg neg neg neg neg

C .albicans 1 neg neg neg neg neg neg neg

C. koseri 1 neg neg neg neg neg neg neg

C. striatum 1 neg neg neg neg neg neg neg

C. trachomatis 1 neg neg neg neg neg neg neg

E. cloacae complex 1 neg neg neg neg neg neg neg

E. coli 1 neg neg neg neg neg neg neg

E. faecium 1 neg neg neg neg neg neg neg

E. gallinarum 1 neg neg neg neg neg neg neg

K. aerogenes 1 neg neg neg neg neg neg neg

K. oxytoca 1 neg neg neg neg neg neg neg

K. pneumoniae 1 neg neg neg neg neg neg neg

L. adecarboxylata 1 neg neg neg neg neg neg neg

M. morganii 1 neg neg neg neg neg neg neg

N. gonorrohoeae 1 neg neg neg neg neg neg neg

P. aeruginosa 1 neg neg neg neg neg neg neg

P. mirabilis 1 neg neg neg neg neg neg neg

S. agalactiae 1 neg neg neg neg neg neg neg

S. anginosus 1 neg neg neg neg neg neg neg

S. aureus 1 neg neg neg neg neg neg neg

S. dysgalactiae 1 neg neg neg neg neg neg neg

S. epidermidis  1 neg neg neg neg neg neg neg

S. maltophilia 1 neg neg neg neg neg neg neg

S. marcescens 1 neg neg neg neg neg neg neg

S. mitis 1 neg neg neg neg neg neg neg

S. pyogenes 1 neg neg neg neg neg neg neg

BK virus 2 neg neg neg neg neg neg neg

Cytomegalovirus 1 neg neg neg neg neg neg neg

Ebstein Barr virus 2 neg neg neg neg neg neg neg

Herpes simplex virus 1 2 neg neg neg neg neg neg neg

Herpes simplex virus 2 2 neg neg neg neg neg neg neg

Humanes Herpes virus 6 1 neg neg neg neg neg neg neg

JC virus 1 neg neg neg neg neg neg neg

Varizella Zoster virus 1 neg neg neg neg neg neg neg

Results

Bacteria / Isolates

amount of 

samples

Viruses / Clinical samples
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Assay 1 NRA_UCT

target oligo type oligo name modification 5'oligo sequence 5' - 3' modification 3'final concentration in 

the PCR reaction [nM]

publication

NRA_NoroI-FO1 CCA TGT TYC GIT GGA TG(OMe-C) G 400

NRA_NoroI-FO2 CGI TGG ATG CGI TTY CAT (OMe-G)A 400

NRA_NoroI-RO CCT TAG ACG CCA TCA TCA TT(OMe-U) AC 400

NRA_NoroI-TP1-FAM FAM TGTGGACAG(ZEN)GAGAYCGCRATCT IBFQ 75

NRA_NoroI-TP3-FAM FAM TGTGGRCAG(ZEN)GAGATCGCAATCT IBFQ 75

NRA_NoroII-FO CAR GAR BCI ATG TTY AGR TGG AT(OMe-G) AG 800

NRA_NoroII-RO TCG ACG CCA TCT TCA TT(OMe-C) ACA 800

probe NRA_NoroII_SUN SUN CGA TCG CCC (ZEN)TCC CAC GTG CT IBFQ 75

NRA_Rota-FO ACC ATC TWC ACR TRA CCC (OMeth-U)C 400

NRA_Rota-RO1 GGT CAC ATA ACG CC(OMeth-C) C 400

NRA_Rota-RO2 GGT CAC ATA ACG CCC CTA (OMeth-U)A 400

probe NRA_Rota-620 Atto 620 TGA GCA CAA (BNM-Q620)TAG TTA AAA GCT AAC ACT GTC AA BNM-Q620 75

NRA_hAdV-FO GCC CCA GTG GTC TTA CAT GCA CA(OMeth-U) C 400

NRA_hAdV-RO GCC ACG GTG GGG TTT CTA AAC (OMeth-U)T 400

probe NRA_hAdV-425 Atto 425 TGC ACC AGA (BNM-Q535)CCC GGG CTC AGG TAC TCC GA BNM-Q535 75

Assay 2 SAE_UCT

target oligo type oligo name modification 5'oligo sequence 5' - 3' modification 3'final concentration in 

the PCR reaction [nM]

publication

SAE_Sapo_FO1A GGC HCT YGC CAC CTA CAA (OMe-C)G 350

SAE_Sapo_FO1B GGC HCT YGC CAC CTA CAA (OMe-U)G 350

SAE_Sapo_FO2A GAC CAR GCH CTC GCY ACC TAC (OMe-G)A 350

SAE_Sapo_FO2B GAC CAR GCH CTC GCY ACC TAT (OMe-G)A 350

SAE_Sapo_FO3A GCW RYK GCW TGY TAC AAC A(OMe-G)C 350

SAE_Sapo_FO3B GCW RYK GCW TGY TAT AAC A(OMe-G)C 350

SAE_Sapo_R CCY T(+C)(+C) ATY TCA AAC ACT A 800

probe 1 SAE_Sapo_P1_550 Atto 550

C(+C)I (+C)(+C)W ATR WA(+C) (+C)A

BHQ1 75

probe 2 SAE_Sapo_P2_425 Atto 425 C(+C)I (+C)(+C)W ACR WA(+C) CA BHQ1 75

SAE_Astro_FO CAG TTG CTT GCT GCG TT(OMeth-C) A 400

SAE_Astro_RO CTT GCT AGC CAT CAC ACT T(OMeth-C)T 400

probe SAE_Astro_FAM FAM CAC AGA AGA (ZEN)GCA ACT CCA TCG C IBFQ 75

SAE_Ent-FO ACA TGG TGT GAA GAG TCT ATT GAG (OMe-C)T 400

SAE_Ent-RO CCA AAG TAG TCG GTT CC(OMe-G) C 400

probe SAE_Ent-620 Atto 620 TCC GGC CCC (BHQ2)TGA ATG CGG CTA AT C3-Spacer 75

Freeman 2008

Enterovirus Dierssen 2007

Astrovirus Liu 2011

Adenovirus Heim 2003 

Oka 2006 primer Sapovirus

primer

primer

primer

Rotavirus primer

Norovirus GI primer

probe

van Maarseveen 

2010

Norovirus GII primer Feeney 2011 / van 

Maarseveen 2010/ 

Cannon 2019
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Assay 1 NRA_UCT

Sample type

Channels 1: Adeno 2: NoroI 3: NoroII 4: Rota 5: IC

RFI 1.25 1.3 1.25 1.5 1.4

UNG incubation Pre-PCR step 1st measurement 2nd measurement Cooling

No. of cycles 1 5 45

No. of steps 3 2 2

Temperature 55°C; 60°C; 65°C 95°C; 55°C 91°C; 58°C

Hold time 120 s; 360 s; 240 s 5 s; 30 s 5 s; 25 s

Data acquisition None End of each cycle End of each cycle

Sample type

Channels 1: Sapo1 2: Astro 3: Sapo2 4: Enter 5: IC

RFI 1.25 1.3 1.25 1.5 1.4

UNG incubation Pre-PCR step 1st measurement 2nd measurement Cooling

No. of cycles 1 5 45

No. of steps 3 2 2

Temperature 55°C; 60°C; 65°C 95°C; 55°C 91°C; 58°C

Hold time 120 s; 360 s; 240 s 5 s; 30 s 5 s; 25 s

Data acquisition None End of each cycle End of each cycle

Software settings

Stool (suspension) 400µl

PCR cycling conditions

Software settings

Stool (suspension) 400µl

PCR cycling conditions

Predefined

Predefined Predefined

Predefined

Assay 2 SAE_UCT
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SD %CV SD %CV SD %CV

high positive 35.1 0.276 (0.178 – 0.609) 0.787% (0.507% – 1.73%)0.277 (0.127 – 6.44) 0.79% (0.361% – 18.3%) 0.392 (0.236 – 1.1) 1.12% (0.672% – 3.12%)

low positive 39.6 0.622 (0.401 – 1.37) 1.57% (1.01% – 3.46%) 0.082 (N/A) 0.207% (N/A) 0.628 (0.421 – 1.23) 1.59% (1.06% – 3.1%)

high positive 28.4 0.21 (0.135 – 0.462) 0.739% (0.476% – 1.63%)0.182 (0.0797 – 7.46) 0.641% (0.281% – 26.3%)0.277 (0.171 – 0.716) 0.978% (0.602% – 2.52%)

low positive 31.6 0.329 (0.212 – 0.724) 1.04% (0.67% – 2.29%) 0.0782 (N/A) 0.247% (N/A) 0.338 (0.226 – 0.669) 1.07% (0.714% – 2.11%)

high positive 28.1 0.83 (0.535 – 1.83) 2.95% (1.9% – 6.5%) 0.183 (N/A) 0.65% (N/A) 0.85 (0.568 – 1.68) 3.02% (2.02% – 5.97%)

low positive 31.5 0.268 (0.173 – 0.59) 0.851% (0.548% – 1.87%)0.0625 (N/A) 0.198% (N/A) 0.275 (0.184 – 0.544) 0.874% (0.584% – 1.73%)

high positive 27.6 0.0858 (0.0553 – 0.189) 0.311% (0.2% – 0.684%) 0.0627 (0.026 – 7.35) 0.227% (0.0939% – 26.6%)0.106 (0.0669 – 0.253) 0.384% (0.242% – 0.917%)

low positive 31.3 0.146 (0.0943 – 0.322) 0.468% (0.301% – 1.03%)0.048 (N/A) 0.153% (N/A) 0.154 (0.102 – 0.31) 0.492% (0.327% – 0.991%)

high positive 28.8 0.267 (0.172 – 0.587) 0.926% (0.597% – 2.04%)0.00981 (N/A) 0.0341% (N/A) 0.267 (0.179 – 0.52) 0.927% (0.622% – 1.8%)

low positive 32.5 0.234 (0.151 – 0.514) 0.718% (0.463% – 1.58%)0.1 (N/A) 0.307% (N/A) 0.254 (0.167 – 0.526) 0.781% (0.513% – 1.62%)

high positive 27.5 0.156 (0.101 – 0.344) 0.569% (0.367% – 1.25%)0 (N/A) 0% (N/A) 0.156 (0.105 – 0.304) 0.569% (0.382% – 1.11%)

low positive 30.5 0.309 (0.199 – 0.681) 1.01% (0.653% – 2.23%) 0 (N/A) 0% (N/A) 0.309 (0.208 – 0.602) 1.01% (0.681% – 1.97%)

high positive 23.6 0.192 (0.123 – 0.422) 0.81% (0.522% – 1.78%) 0 (N/A) 0% (N/A) 0.192 (0.129 – 0.373) 0.81% (0.544% – 1.58%)

low positive 27.1 0.238 (0.153 – 0.523) 0.878% (0.566% – 1.93%)0.104 (N/A) 0.383% (N/A) 0.259 (0.17 – 0.539) 0.958% (0.629% – 1.99%)

Between-Day Within-Lab

Sapovirus

Adenovirus

Norovirus GI

Norovirus GII

Rotavirus

Astrovirus

Analyte

Enterovirus

Within-Run Sample Mean


