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Table S1. Primers and probes used for RPA-based multiplex nucleic acids detection

Sequence L.
Pathogen Description Sequence (5' to 3')
length (bp)
Forward Primer 5’-ATCGCGCAGAGACTTGAAGATGTCTTTGCTGG-3'
FluA 135 bp Reverse Primer  5°-CACGGTGAGCGTGAACACAAACCCCAAAATC-3'
Prob 5'-CTCTCATGGAATGGCTAAAGACAAGACCAATTC[FAM-
robe
dT][THF] [BHQ-dT]JCACCTCTGACTAAG-3'SpC3
Forward Primer 5’ -CTATATGCTTTTTAAAACCCAAAGACCAAGA-3'
FluB 113 bp Reverse Primer  5'-CTCAGCTAGAATTAGGCCTTTCTTCTTTGTTGCTG-3'
Prob 5'-AAAGAAAAAGGAGATTCATCACAGAGCCCCIVIC-
robe
dT][THF][BHQ-dT]CAGGAATGGGAACAA-3'SpC3
Forward Primer 5'- ATGGAAACATACGTGAACAAGCTTCACGAAGG-3'
RSV 116 bp Reverse Primer  5- AACATGGGCACCCATATTGTAAGTGATGCAGGGT-3'
Prob 5'-CTCCACATACACAGCTGCTGTTCAATACAA[ROX-
robe
dT][THF][BHQ-dT]CCTAGAAAAAGACGAT-3'SpC3
Forward Primer 5’-TTGCGTGGAGCGTTGGCGAGCGCCTCCGTACATC-3'
AdV 125 bp Reverse Primer  5’-CGCGCGTCCTCTCGAGCCGCACCTTCTAAA-3'
Prob 5’-TTGCTGGGCGCGTGCAAACCCCAACCGGTGTTAT[FAM-
robe
dT]A[THF][BHQ-dT|GGGCGAGATGAGAAT-3’SpC3
Forward Primer 5’-ATCTGTTGAGGCTTGTGGCTATTCAGACAGGAT-3'
RhV 118 bp Reverse Primer  5°- GTAATGCGGCCAGACCCCATACCCAACCACAG-3'
Prob 5’- TATGCAAATAACCAGAGGAGATTCAACAATCACA[VIC-
robe
dT][THF][BHQ-dT] CAAGATGTAGCAAATG-3’SpC3
Forward Primer 5’- ATAACAACAAAGACAGAGCAATCTCAACGCCGACCC-3'
HPIV 134 b Reverse Primer  5°- GTGTATACTTTGTTGATCAAGGAGTCTAGCATG-3'
P Prob 5’- CCAAGATCATAGATCAGGTGAGGAGAGTGGAATC[ROX-
robe
dT] [THF] [BHQ-dT] AGGAGAACAAGTGAGT-3’SpC3
Forward Primer 5’- TTTGGTGAAATAGCCCACCCCAAACCAATCGCC-3'
M 157 b Reverse Primer  5°- AAACTTTAGCTAAGTAATTGCGTGATTTGT-3'
n
P P Prob 5'-TACGGTAGAGGTAGCGGAAACAGTTAAGGCAGC[FAM-
robe
dT][THF]C[BHQ-dT]JAGCAACTTTGAAA-3'SpC3
Forward Primer 5°- TTTAAGGCAATGAAGCCTGCATTAGTGAACCACT-3'
Reverse Primer  5°- CCAAGCCTACTGGATCCGCTGCTGCAAACTATAC-3'
Cpn 121 bp

Probe

5'-CATCGTGTAAATGCTTATTGTAGGCCGGGT[VIC-
dT]JA[THF]G[BHQ-dT]CTATCTACGGCAGTAG-3'SpC3



IC

139 bp

Forward Primer

Reverse Primer

Probe

5’- CCAAGCACAGTGGTGGCAAAAGCTTATTTGTGT-3'
5’- AACGGACAGTGTAACCCATGGAGCTAACTTCGG-3'
5’-CACTGGCTTCATACTTCCAGAGAAGATCTG[ROX-dT]
[THF] [BHQ-dT]CCTATTGGAACATC-3'SpC3




Table S2. Cost analysis of the single-use microfluidic cartridge-based detection

Microfluidic cartridge device

Cost () per test

Note (Single use)

Cartridge substrate 0.10 PP injection molding
Bladder 0.15 Silicone
Thermo-bonded composite film 0.05 PET + PP
Push-to-seal lid + Sealing ring 0.10 Negotiated price
Test reagents 1.00 Lysis + RPA
Total cost per multiplex test 1.40




Table S3. Effect of volume ratio between air storage chamber and RPA chamber on the real volume

on fluid delivery

Vol Rati
olume Ratio Measured RPA Chamber Volume (pL)

Between air

Design Volume
storage chamber h i Deviati
and RPA schematic Chamber A Chamber B Chamber C cviation
chamber
16.0 15.6 17.2 18.65%
1] ﬂ.lﬂ
1:1 S 15.8 14.5 15.4 23.83%
ek 17.0 16.2 15.8 18.33%
iﬁmﬂ . 20.2 19.7 20.6 0.85%
2:1 b i h‘ 20.6 21.5 19.0 1.83%
150
Geit 19.0 18.7 19.6 4.50%
T 21.5 22.0 21.2 7.85%
3:1 ‘%M 225 23.3 21.7 12.5%
ey 21.9 22.0 22.6 10.8%

Note: The target RPA reaction volume is 20 pL; this table reports the measured liquid volumes
delivered to each RPA chamber (A, B, and C).



Table S4. Comparative analysis of our system with representative commercially available POC
NAAT devices

System

Method

Portability?

Pathogens

Targets

Sensitivity/
Specificity

(%) (FluA)

Sam
Test

Test ple to

time
Signal Ans

(min)
wer

Ref.

Cepheid

GeneXpert®

Biofire

Filmarray®

QIAgen

QIAstat-Dx®

PCR

PCR

PCR

Portable

Portable

Portable

SARS-CoV-
2/FluA/FluB/RSV
AdV/Coronavirus
229E/Coronavirus
HKU1/Coronavirus
NL63/Coronavirus
0OC43/ SARS-CoV-
2/Human
Metapneumovirus/
RhV
/Enterovirus/FluA/F
luA H1/ FluA H3/
FluA H1-2009/
FluB/ HPIV 1/
HPIV 2/ HPIV 3
/RSV/Bordetella
parapertussis/Borde
tella pertussis/
Mpn/Cpn
FluA/FluA HIN1
2009/FluA H1/FluA
H3/FluB/Coronavir
us
229E/Coronavirus
HKU1/Coronavirus
NL63/Coronavirus
OC43/SARS-CoV-
2/HPIV1/HPIV2/H
PIV3/HPIV4/RSV
A/B/Humanmetapn
eumovirusA/B/Adv
/Bocavirus/RhV/En
terovirus/Mpn/Legi
onella
pneumophilia/Bord

etella pertussis

22

22

100/100

100/100

99.2/99.5

Fluorescenc
36 Yes

Fluorescenc
45 Yes

Fluorescenc
60 Yes

4-6

7-9



Visby

Medical™

Cue™

Abbott ID

Nowm™

Lucira™

Midge

Medical

SARS-CoV- Colorimetri
PCR Ultraportable 3 100/99.1 30 Yes 3,10-13
2/FluA/FluB ¢ (LFA)
SARS-CoV- Electroche
Isothermal Ultraportable 3 / 20 Yes 3,12
2/FluA/FluB mical
Fluorescenc
NEAR Portable FluA/FluB 2 96.3/97.4 13 No 3,14,15
e
SARS-CoV- Colorimetri 3,12, 13,
LAMP Ultraportable 3 91.4/99.8 30 Yes
2/FluA/FluB c (LFA) 16,17
SARS-CoV- Colorimetri
DETECT™ LAMP Ultraportable 3 / 30~60 No 11
2/FluA/FluB ¢ (LFA)
Fluorescenc
RPA Ultraportable FluA/FluB 1 / 28 No /
e
FluA, FluB, RSV,
Fluorescen
Our System RPA Ultraportable AdV, RhV,HPIV, 8 100/100 25 Yes /

ce
Mpn, Cpn

a Ultraportable systems are handheld, whereas portable systems require a desktop setup.
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Fig. S1 Experimental snapshots demonstrating four synchronized fluid-flow states in three detection
channels



