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Abstract: This study aimed to develop a portable, accurate and easy-to-operate scheme for
rapid detection of respiratory virus nucleic acid. Quantitative real-time polymerase chain
reaction (QRT-PCR) was used to verify the effect of extraction-free respiratory virus treatment
reagent (RTU) on viral nucleic acid treatment and the effect of ultra-fast fluorescence
quantitative PCR instrument (FQ-8A) on nucleic acid amplification, respectively. RTU and
FQ-8A were combined to develop a rapid detection scheme for respiratory virus nucleic acid,
and the positive detection rate was judged by C; value using a fluorescence quantitative PCR
instrument, and the accuracy of the scheme in clinical samples detection was investigated. The
results showed that RTU had comparable sensitivity to the automatic nucleic acid extraction
instrument, its extraction efficiency was comparable to the other 3 extraction methods when
extracting samples of different virus types, but the extraction time of RTU was less than 5 min.
FQ-8A had good consistency in detection respiratory syncytial virus (RSV) and adenovirus
(ADV) compared with the control instrument ABI-7500, with kappa coefficients of 0.938
(P<0.001) and 0.887 (P<0.001), respectively, but the amplification time was only about 0.5 h.
The RTU and FQ-8A combined rapid detection scheme had a highly consistent detection rate
with the conventional detection scheme, with a sensitivity of 91.70% and specificity of 100%,
and a kappa coefficient was 0.944 (P<0.001). In conclusion, by combining RTU with FQ-8A, a
rapid respiratory virus nucleic acid detection scheme was developed, the whole process could be
completed in 35 min. The scheme is accurate and easy-to-operate, and can provide important
support for the rapid diagnosis and treatment of respiratory virus.

Keywords: respiratory virus; rapid detection; quantitative real-time polymerase chain reaction;
extraction-free respiratory virus treatment reagent (RTU)
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VP2 IR S hn T SR, %l
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RSV Hl ADV4 #I(ADV4)¥4) i A 5206 % ff
AR, Bl A WA YRR R
A, AW B R AN Hep2 B A2 % $2 41

ek RAE A P 4 3380 12 2 A6 6 v 0 B ) M R R
RAFM RS — B AR . Hoh, &5
P PO SR A RSV SCBHPE R MR A7 A A
209 51, ADV A B R PEAR AR A 221 431
I BRI 2 — B Be A S AR At 102 i
W T I A I R AEAS L £ 4 55 BF (thinovirus,
RhV) . 3 Fi A 51K % B (human coronaviruses,
HCoV) (HCoV-OC43 , HCoV-NL63 , HCoV-HKU1)
ARt /EpEE 1 2 (human parainfluenza virus type
1, HPIV-1)., Jili & 4 J5i{A& (chlamydia pneumoniae,
CP). AJ#iE %8 (enterovirus, EV)F1 RSV,
1.2 RXFIFNLER

SARS-CoV-2 il izl W [ &0 AR W) RHL
WG H RS Ao RhV1/2, 3 Ff HCoV., HPIV-1,
CP. EV. RSV Fl ADV il iz 45 iy |~ JH 04
T BE 25 RHAT IR A ml 3R AL . @ Bk 2 A IR e U
R & o B B R BT R R w) A R
Y TR ARA R, ABCIEEIRIZIGNA
R ARG RB A RA A, Bk
B 3 BOA R W B R A AL (L s A R
A, SR O M IGE i BE AL PRI RTU A ER
BH AW L EFrA ZRRIEIBGAR B E
B B JEAT IR AR

4 B S %R B UL (W A BEIT R ECA IR
ml); 2%t & PCR U ABI-7500 (Applied
Biosystems) , FQ-8A [W-lf iy AE 158 2B 7. (7 )
W43 BN F] ], SLAN-96P (i 7 41 Y7 R
AR AN A g = 4R L
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1.3 ZERIZELAN RTU LI

FEADFRBUAE A, W4T S R R R
() SR B BB B2 R R 5 BV A 43
SIHAZ] 2 mL RTU #1 2 mL PBS H1, RTU 1Y
FEAYRGIRAT 10 s J5##E 1 min, MHREUH 100 pL
IMAFIE 0.5 mg ZEAMAEA 0.5 mL EP 45+,
HCE T 80 °CAx @i A 2 min, B R KR
REMRSEH A PBS FIFEA, 435IHL 100 pL
FAREERD: . B ORI A ABC 3R T R BR R,
FEEE FH 100 uL PERER IR .

FEAL R RSV R B RE R YIRS, 44 25 pL FEA
FIAE] 100 pL /9 RTU K55, RIS 10s )5
& 1 min, IIAZIE 0.5 mg ZEHIRAY 0.5 mL
EP &, JET 80 °C4 B iRA 2 min, HL
P K E RIS, BEfE, J7HL25 uL A
Al FH B A A R B BCER B, - T 100 L Bk
JIR VRS SR AL TR o

FEALBRIG RFEAS B, BCAE IR R —FE AR 43
BIMAZ] 2 mL RTU #1 2 mL VIM H, RTU
PIREAYRGIRS] 10 s JF#fE 1 min, MWHHUH
100 uL iMAF]E 0.5 mg Z5 WY 0.5 mL EP
B, BCET 80 °CA&JEIATIRIA 2 min, HUHTF
HARAE RIS, VIM hAgRE4s, B 100 pL
M ABC LT iZ IR B, JFfE AT 100 L BEME
W -

14 SERTRHAEE PCR

43 51{# F SLAN-96P . ABI-7500 il FQ-8A
1T qQRT-PCR SE50 . 2B AL eE R 5 2019-nCoV
KR A K ) 7E SLAN-96P [ 9" B 7% Ny .
50 °C 30 min; 95 °C 1 min, 95°C 155, 60 °C 30's
FEVOE, HIEH 45 . RSV KR 7E
SLAN-96P 5, ABI-7500 F#Ef79 14, P iafey
7 : 48 °C 5 min; 94 °C 2 min, 94 °C 10's, 55 °C
35 s REEDIEIEYS, It 40 MEIF; 7£ FQ-8A I
AL R Y A% . 48 °C 5 min; 94°C 20s,
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94°C 1s, 55°C 14s, WS, TEIF 40 K.
ADV il i& 775 SLAN-96P 5 ABI-7500 I 7F%
FEEE A : 94 °C 2 min; 94°C 10s, 55°C 35 s,
WEEDOGIE S, T 40 IK; 7E FQ-8A Effif]
AP BEFEF: 94°C20s, 94°C 1s, 65°C
14 s, WHEVOLES, TEFF 40 k. &R0
M TagMan 851753647 qQRT-PCR J i, S 4
RSM& T UL AT, MBHRf A RTU Ab A
A, BARFON A SNAR R 1/10, #7%
R EFEAFIRT 1710, ] EmMABARRL 1/10 )
RTU A, HAR AR5 DEPC /K AR5
1.5 HFESH

SEWE R IR G HE 2019-nCoV A% R K6 3,
Flérd, FAM Kl orflab £:[H, ROX & n
LN, HEX/VIC il P bR rnase p 2[4 # FAM
ol ROX 3 18 A6 ) 21| MY () 4734 ph 2%, H. Ci<40,
WHz %54 2019-nCoV 95 8 FH: ; #7 FAM 5 ROX
3 T R A B LT T i 2k, 5 C>40, [FIRT
HEX/VIC #iEA Y M, H C<40, NHRE
2R BONBAYE . RSV 8f ADV Rl 5] & 0 , FAM
A3 RSV 8 ADV A% B¢ 3 A, 5 FAM i
TR AL R s i 2, H C<35, WS
RSV &% ADV i & B o

{# F§ GraphPad Prism 8 X 8 #4748
THoHr. PR AT, Bt R EGorHT
EEES, P<0.05 MEFHASGIT¥E L, 1T
FASCHS ARSI AR R A RE, e BT BN T R
B AR, A Cohen Kappa R EU(k) K FE
PR 73k 2 (A —BUoKOoF, b k=1, Bk
ghsE 5 k=1, WIRIEHREEAR—3;
k>0 B A Gt 3, k ER—Bok s,

2 HZRE5OM

2.1 RTU YR SE M
B RSV IR i B 2 T b M B a0 )
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FH RTU A4 A sz RIS %R, JF  #ike, RTU RYSEIGCRZEW 5 4 A sh %R 2 i
i1l qQRT-PCR KA T CMH. 5K 2 (U F, 2 RSV R 550, BRIk
/R RTU 8¢ 4 A sh IR BUSGR U AZ R TEAT] MAE] CAE(E] 1B). il EIHhZER], A
WETHAHEMEMZLE 1A). FERBUS SRR 52 BUUS 2 /9 B0 B4 05 B i,

W) RSV SR EERT , RTU RBGIUR MR T4 H RTU 15 2 =W BE C i 4041 |l H B4 Wi s,
IR RN 29 3 4 C, (HBf % RSV AR (R C B AR5 T HEK L (8 1C). 1B RTU

A Amplification
1.747 96 + o RTU
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1.294 55+
1.067 85+
S 0.841 15}
0.614 45}
0.387 74+
0.161 04}
~0.065 66

CO292 360 5t bbb
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cycles

B = RTU C -e- RTU

= Nucleic acid extraction instrument -#- Nucleic acid extraction instrument
ns
B, 3 40

&
(==
1

v=2.061x+27.43
R*=0.9213

(9%}
(=]

y=2.745x +25.49

Cycle threshold
(3%
S
Cycle threshod
(¥S]
[ew]
T

=)

25+ R*=0.9819
0 20 I 1 L 1 1 j
2 =1 0 1 2 3 -4 5
RSV dilution ratio RSV dilution ratio (log;)

1 RTUMYRSERIE i PBS X RSV #EAT 5 R EERRE, 46 B2 20 ] RTU 504 A 5l
ARSI, BABE AR 3 MEA, dld C BRI RTU AFRCR. A Kl RSV 56
WA ZR . B: ARIRBEE TR RSV A9 CME AR, C: RTU FIAZERIREUAL P 5 585 B 7 B RSV AY4R
HERRZE. i ORI TS24 20T, ns: P>0.05;5 *: P<0.05; ***: P<0.001

Figure 1 RTU sensitivity verification. RSV was diluted by 5 times gradient using PBS, and each gradient
was separately treated by RTU or nucleic acid extraction instrument. Three samples were extracted from each
gradient, C, values were used to judge the treatment effect of RTU. A: Fluorescence amplification curve of

RSV. B: Comparison of C; values of RSV in different dilution. C: Standard curves of 5-fold diluted RSV

treated with RTU and nucleic acid extraction instrument. The statistical significances were calculated by t
test, ns: P>0.05; *: P<0.05; ***: P<(0.001.
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2.2 RTU 5 EMZERE G EAEA R
ERSHAR ERLEE

FI RTU. ABC ., @EERIEFNE O LSRR
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*

qRT-PCR Kl 2| ) Ct {H#r &8, *FF RSV
R TFAEAS, 7E&MWKIET, RTU MBSO AR
(4 PRASCR G, WG RN ABC Bk BYRICR
W% 2% — 2618 2A), XF T ADV4 IR TREA, X
4 PR IO AR A BE R YA PSR M 42—
#H (& 2B). X} TF SARS-CoV-2 B # M T4
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S
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—
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W RTU [ Centrifugal column method
I ABC method M Magnetic beads method
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[}
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2 RTURERERBRESHOMR KB 5A%E RSV.ADVS Fil SARS-CoV-2 {5 & B T4 51
JAF] RTU Hl PBS ¥, H20 98 RTU., ABC . WEEREEAIE DAL IR BUZ IR . 5180 5 vk
FRBEFEAI M 4 FhoOp i EEARE 3 K. A AR FHRBOY AL # RSV R FREAS, FAM MBS
I RSV. B: LR FHREU AL ADV I FHEA, FAM @& ADV. C: HBA [l E& B 1 4b 21
SARS-CoV-2 R B MR TREA, FAM B orflab 5P, ROX A n 3L . fdi ] t K00 64T
Giit2 00T, ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001

Figure 2 The effect of the RTU on different types of viruses. Throat swabs containing RSV, ADV4 and
SARS-CoV-2 pseudoviruses were homogenized and placed into RTU or PBS solutions. Nucleic acid was
extracted by RTU, ABC, magnetic beads and centrifugal column methods, respectively. 4 extraction methods were
used for each gradient virus concentration sample, and 3 replicated were performed. A: Comparison of the effect
of different extraction methods in RSV-containing throat swabs, FAM channel for RSV detection. B: Comparison
of the effect of different extraction methods in pharyngeal swab containing ADV. FAM channel was used to detect
ADV4. C: Comparison of the effect of different extraction methods in pharyngeal swabs containing SARS-CoV-2
pseudovirus. FAM channel was used to detect the orflab gene, and ROX channel was used to detect the n gene.
The statistical significances were calculated by t test, ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.
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A, FESWET, 35802 RTU 580 AE vk 4k
PSR AR XS AT, BEIRIL NG 22 T B8040k, T
ABC IERUR M e 22 (K 20), b4, ffi ] RTU
PR, FERHRT 5 min, i {84 A SRR
BUS (REER ) BT I FE B9 I [E] &9 22 min, ABC ¥
FTEOAE L T RERT K . [k, RTU REAE
A 5 ) B ] P 58 8 AN () I 5 8 o5 5 4 AR ) Ak
B, HEAREOR B EERT 3 R AR
PO
2.3 ImAKRMEARTE FQ-8A LRI 5317

RSV i KEEATE FQ-8A b WA 43 #r ., %t
209 A7 H) RSV AHIC FHME AT MERE AT T |
Vg AR R BOAGR B2 U , A TR (] P A A
MR 23 B7E FQ-8A Hl ABI-7500 [ HEATH 14
R EIR, FQ-8A B RBE N 100%, FiFtEh
92.31%, BEFFEER 97.13%; W& —B
kappa ZE0H 0.938 (P<0.001), XL R AR
JE—SEMEEER Do WA, PGS E R PCR
1 FQ-8A K3 ¥ C /N T ABI-7500 #:iill
M) CAH, MWHEHIREEE, £ ABI-7500 24
I A 8 BH 1 F 45 S 7E FQ-8A 1T R FHAM:
XN FQ-8A HA 5T 5y i B A HH %

ADV IIfRFEATE FQ-8A AN 434 o
XiF 221 B RAF 9 ADV AH 2 BHAE R0 BH PR AR i ]
RS BOARR IS L 8 AR R R Fn
KR 7043 BI7E FQ-8A Fl ABI-7500 | A7
W 25RO, FQ-8A WRBE R 99.22%, FF
SPER 88.04%, BAFFG K 94.57%; MH& —
1k kappa 2 %K 0.887 (P<0.001), H i FQ-8A
A 1 BIFEPERK H, BRI & 2 R —3
PERS TG (6 2)o 1B FQ-8A - Jr 75 A6 I i i) 4t
ABI-7500 i Z /b, Ui FQ-8A B G0 Il IR
FEASHEA T PR 455 B 3k PRSI (3% 3).
24 MEIGEREPESN S RAESLFN A

AWK RTU 5 FQ-8A M4 G, HEIT
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=1 RSV IaKR#ATE FQ-8A 5 ABI-7500 LH)

—H Mo

Table 1 Consistency analysis of RSV clinical

samples in FQ-8A and ABI-7500

Instrument ABI-7500 Total

Positive (+) Negative (-)

FQ-8A Positive (+) 131 6 137
Negative (-) 0 72 72
Total 131 78 209

=2 ADV IaR#A7E FQ-8A 5 ABI-7500 L)

—H Mo

Table 2 Consistency analysis of ADV clinical

samples in FQ-8A and ABI-7500

Instrument ABI-7500 Total

Positive (+) Negative (-)

FQ-8A Positive (+) 128 11 139
Negative (—) 1 81 82
Total 129 92 221

3 FQ-8A 5 ABI-7500 #& A 8] xF L
Table 3 Comparison of experimental time between
FQ-8A and ABI-7500

Instrument Time (min)

RSV ADV
FQ-8A 31 22
ABI-7500 68 55

W2 T 5 BE A% PR PR A I 7 %€ o % RTU il FQ-8A
AR AT T, 5 ABC 751 ABI-7500 4
) R RS Ty ZE AT HL R . FESREE 102 44l
SEF MR A PR A Iy 2 A
FHEREAR 22 ], FHMEREAR Sy 80 fil; “# HILAS
W7 SRt BHPEREAS Sy 24 1], FHPEREAS S
78 Bl (R A R R oL, BRS

NMDCX0000181), Hrr, PREHGINAAK 1) 2 ]
FRE Ryl FUEFEAS, PRsia il Jr 2219 C fE % 3k
i TR ARSI 7 2 o WP IR s B A PR TR
AN 5 R RAEUE R 91.70%, K53 R 100%,
BARTFE 3% K 98.04%, 445114371, kappa {H
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47 0.944 (P<0.001), P&EL5REA BRI —2
PE(ER 4) WAL BB G L5 5L, 5 RN 7
LT 20 2 h, (H B Ay ZERERT A
9 35 min (& 3). XWHLAT, HKBT RTU F1
FQ-8A (R A J5 22 RETE 30 min A- A7 58 WP
W T I RAE AR ) P4

3 WREER

I T 55 27 41 SARS-CoV-2 5| i iy 37 26 stk
ﬁ%@%(corona virus disease 2019, COVID-19)
AT5 SR S T B RSP N A S P D I T e 2 —

YRR AN LM % FE SARS-CoV-2 R o 5 R
B2 b s/ B AL 4G AR iRy EREE . 7
JITA ARG 5 2, QRT-PCR B IA Ry Je % 28 i
BEAZIR M)A b, T A R R O AR R 3
Bl SR AR I A B A BRYT R R, AR
AR A AT 7 KUY, BEAR IR W HE U T
HLEREARMRIOGLR &, &S m5
qRT-PCR ARG ZE AL, T o v] g 5 2 fi B 1k
A B B s IR RIS, B QRT-PCR #6:
LB SR BN . B E L B
PIHEREN BT, XL ZARFR | T qRT-PCR # B

x4 RERUSERARNER—BES

Table 4 Consistency analysis between rapid detection scheme and conventional detection scheme

Detection scheme Conventional detection scheme Total

Positive (+) Negative (-)

Rapid detection scheme Positive (+) 22 0 22
Negative (-) 2 78 80
Total 24 78 102
RTU FQ-8A Results
® FAM
120+ ® VIC
1.00 : ?2;(

0.80 1
=
040

020

0.00 —
0 4 8 1216 20 24 28 32 36 40
Cycles

3 MRERSZERRELMNSTR  REWIK AR RTU RAA T, BUE 100 pL AEASTR S WM
A 0.5 mg SR FFEL TR, BUZ R R BAARTUR 1/10 FEARAR, PRy 2 7 78 FQ-8A L i,
A RIS 35 min

Figure 3 Rapid scheme for detection nucleic acid of respiratory viruses. After pharyngeal swab samples
were collected into RTU preservation solution, 100 pL. sample mixture was taken out and added with 0.5 mg

resin for heating treatment, one-tenth of the total volume of reaction system was taken out as template, and the
rapid amplification procedure was used for amplification on FQ-8A, the whole process took about 35 min.
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Tz . Rk, —FpE T, X
N BB SR R T Y PCR A I & il B A5
WEE, [FE, WS . R
PR T A R AR I 58, X PR ES W R 1
Bl i 4B HAG AR H A L X

AT, AERHEAS L PR 55 R 2 Fhor
B, B BRI R BRI P02 L5
PR BRI AN S N FEDTIE I B O 2lifb vk A
PRIBHUELSE, AR BRI 4l 3 4w A% IR
AR IR . FERHC . BRI & — Rk
PRAFIL . KGN 24A3 W 3 Fh I RE A — Y e i
BBCPR o Ah B Ty 9, RRIOR vk — g R A
5-10 min, {HICRR 205 2 04 A% IR 38 5 2l
Ik, XFREIMFEAR DD . I vE e S5,
AL PR A 2P AL A R T AR,
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