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 ZE: BH A TEAHANFHFRY A K (recombinase-aided amplification, RAA ) JF & —FPbeik | A A 69 AR
Jma 14 WM Tk, Fik HRIEAMIKE 14 & (human adenovirus serotype 14, HAdV-14 ) &) Hexon % B /53], 14
Primer 6.0 #AF3XiH4F 051 M RARAT, MM ERE R, AL R &4, &5 —Ffrikik RAA %07k, 5t
lfﬁ/%éﬁj\ﬂiﬁ“&%#&{zdﬂﬂ o HEE 2017 ~ 2022 - BAR M FE IR SRR JLO = E A KM FR 42 S 4E
B ey R 50 U, RS0 SR B R RAA MR Sk ATAR M, 4R Ear L PCR el 22 Rk fT b, R %
KAy 8 T AR ARAT 484 HAAV14-F1-4, HAAV14-R1 F= HAAV14-P; 25 44k, 40°C#4T RAA 738 20R A
Tk RAEH 10" copies/ w1, B REARERKEA 10°, 10°, 10° F= 10' copies/ | B, Hb M T F R 43 <5%; 50 416
AR HAAV-14 6945 m 25 R 5 2 aF & 6 PCR — 3., Z5i8 #2357 —# A T RAA H R 6§ HAAV-14 Beikabml 7 i, T
VALEASH 1) 0 iR 3% 408 A4 T A HAdV-14,
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Establishment of A Rapid Detection Method for Human Adenovirus Type
14 Based on Recombinase-aided Amplification Technology and Preliminary
Application Evaluation
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Abstract: Objective To develop a rapid and accurate detection method for human adenovirus serotype 14(HAdV-14) based
on recombinase-aided amplification (RAA) technology. Methods According to the Hexon gene sequence of HAdV-14, the
specific primers and probes were designed by Primer 6.0 software, and the positive plasmid standard was constructed. The
reaction conditions were optimized to establish a rapid RAA detection method, and the sensitivity and specificity of the method
were evaluated. A total of 50 throat swabs were collected from patients with febrile respiratory syndrome in the 903rd Hospital
of the People’s Liberation Army from 2017 to 2022. The established real-time fluorescent RAA assay was used for detection,
and the results were compared with the results of the real-time PCR. Results The optimal primer and probe combination was
determined as HAdV14-F1-4, HAdV14-R1 and HAdV 14-P. After optimizing reaction conditions, RAA amplification at 40°C was
the best. The sensitivity of the method was 10" copies/ . 1. When the concentration of the plasmid standard was 10%, 10°, 10* and
10" copies/ .1, the intra-assay coefficient of variation was less than 5%. The results of HAdV-14 in 50 clinical samples were
consistent with those of real-time PCR. Conclusion A rapid detection method for HAdV-14 based on RAA technology was
established, which could detect HAdV-14 with only simple thermostatic equipment.
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WESE R | ilide . ZEME AR Y PRIk, 2= 5%
~ 10% [ JLEEFN 1% ~ 7% A A P I Jk e 2 iy
HAAV $:2 ", 2005 42 A5 14 % (human
adenovirus serotypes 14, HAdV-14) Ji5 5 C 7 £ [H
FECBOR KM 2P E B , S 1B
AT ABURFE SR L RNz
P, TR RE . R R0 HAV-14 12712,
K2 W HAQV-14, X% T #2H HADV-14 B9 #
FMEHE 2 CHE, ME T FI2WHERIA R, BE
FitHi% 2 2 . ( polymerase chain reaction, PCR ) | 5
925t PCR 2570 T2 W 8OR B 2 Kl HADV
JE B H T EL B R R A BRSO LA A
By e IR AR A PR A HB X AR e SE . AHEEZ T,
oA B T 0 SR B H R (recombinase-aided
amplification, RAA ) J&— B B 19 S5 IR A% R 47 38
HOR, AT IR AR PSRRI KOt R, S A
FE P m s U, CO ) T 2 R SR AR R A
1 2019 B B RDARAG BE . PP G B EE . Ml
T S B, A WF 5B X HAAV-14 1)
Hexon FE KRR R T W AIHREE, B RAA 59
FCAREF LS G, U 7 — PP 52 i 298 5 RAA
SE, A HAAV-14 11l R 2 W sl 50 37 D Al 4 1t B
M

1 #RFFE

L1 #rist % Wk 2017 ~ 2022 4F7E R f#
AR B AR B BA SR L O = B BE s i2 1) & S ML
LEAMEBE N 50 (I 7. AFRHE: OF kK
ST I T SR IR A AR B R s OFF A 2tk
WP E S Wb s S0 5 Kl P8 AR FlIlG R {F

BotE ;. @UEATIEE T IO S AL TR A . SR
Jt: PCR WA J5UA, 434&: 54> HAAV-3 FRPEFEA,
1 4~ HAdV-4 BHPEFEAS, 54> HAAV-7 BHPEREAR, 1
A~ HAAV-14 PHYEREAS, 14> HAAV-21 FHPEREA, 5
A HAAV-55 FHPEREAS, 10 A 250 3% Jois 25 A PR AE
A, 10 > 2019 HARGERPE BEHPEREA, 10 P
T A B R BHPERRAS 1 ANl 28 S B BH PR AR AR A
1Al S BR A FHEAEAS . REAS 138 2o b BN R A
A PR BE B A SE JLO = R B R A B A 4
¥ [ i SCS 20230303/01/01/0017

12 KA EME R RE s & (M
AR A A R ), AN [R)98 BEA% R G 3 741
& (PCR- ZOGHRENE, ZMA YR A FRA
Al ), RAABRY G IAR & (203, TLIRarR
FEHAYRHE AR/ E ) , SYBR Green gPCR Mix
HxE = PCR X & ( Biosharp ¥ ARAH] )
ABI 7500 % PCR 1¥ ( Applied Biostems A H] ) ,
Natch 96 #% 2 $ BUAY ( &9 4= Y RHE e A1 R A
GRS

1.3 7

1.3.1 53t 54 76 NCBI (https://
pubmed.ncbi.nlm.nih.gov/ ) ) GenBank (4 2K %R
It T 2% HAAV & WL 5 49 hexon K 41, fi#
Jaview B/ E47 Z P51 X, LA HAV-14 W81
s 7 7Y B 4 5 19 ¥ 31 ( GenBank: AY803294 )
bR, AR Z AT RO TR B0 RAA 51 IEREH
P, f# ] Primer 6 1 Snap Gene #3159 F15¢
FEHRET B AR5 | ) AERET 38t A= 1A
WA (B ) HBRARIE R, 513 P LK 1,

*1 FAF#i HAdV-14 B9 RAA 5|#F0ER$F 51
IR ARE Bl
HAV14-F,, 5-GCGAACAGATAGTTACAAGGAGATTCAGTT-3’
HAdV14-R, 5"-GAGATACAGAGCCACATTGGAATAAAGGAA-3’
HAdV14-R, 5 TGGGAGATACAGAGCCACATTGGAATAAAG-3’
HAdV14-R, 5-ACAGAGCCACATTGGAATAAAGGAAACTTC-3’
HAdV14-R, 5-GGGAGATACAGAGCCACATTGGAATAAAGGA-3"
HAdV14-P 5-GAGACCAAGCTTGGAAAGATGTAAATCCAAA[FAM-dT] THF|G[BHQ1-dTJATCAGTGAACTTGTTAAG|C3spacer]-3’

1. HAAVI14-F,,: Fi##51%; HAdVI4-R,, HAdV14-R,, HAdV14-R,, HAAV14-R,: F#519; HAAVI4-P: 9564545 HAAVI4-F,, 4>
%5 HAdV14-R,, HAdV14-R,, HAdV14-Ry, HAdVI14-R, 415 4 415 190%F, 4 A5 F5 1 AIRE AR R 4L A B i A

1.3.2 PHAE ORI bR e S O A 2. 5 0 % 19 HAV-
14 ( GenBank: AY803294 ) 4 SVE{<r 41 i BLi%
3] pUC 57 ik I, #93 HAdV-14 FHE R AR
fh, ZORLER A TAEYIHEAR (L) ARRA R HE:
Ao 4 H Qubit 2.0 ZEEI A b ok E A ik
BEM G, #5 DUEOHRA AT . W (copies/ )=
[6.02 x 107 x HPE (ng/ 1) x 10° /[DNA KJE (bp)
x 6607, ¥ IR R 10°, 10°, 10*, 10°, 107,

10'copies/ | HEATHABERG S, Bl 5 PR A7 2 -80°C Uk
FEAEH

1.3.3  FEARZIRIEHL . MRS+ M HAdV-14
FHAE Bk AR e S (N B 24 B AN HAAV-14 FH%: BT
R TR A B ) HEL 300 w1, SR FHREERFEEUE
PR R, FARBERAE s He BRI UL B kAT, 2
BUG PIRRR -80°CIR-ATE, HITFHE—2 KA 434
1.3.4  SEEFEE RAA TERYEEST . M RAA WA
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Z (50p1) , 7F RAA S0 TRy S8 g0 45 vhom
A 25wl P VI, 2.1 w1 IE[514) (10 wmol/L ) ,
21l 254 (10 wmol/L) , 0.6 w1 (10 wmol/L)
Wat, sl afite, 127wl gtk N A
SN RGN AT, Bn s 2.5 wl ZIREEINENE o5
e, BEET B A shd s O, SEEVE T ABI 7500
RIS AT 98 G 1 PCR A EAT 28 6 . 2tk
DR E . 39°CHE 40°CH 42°C 30s, 60 MEH
1.3.5  SlYBE L : O/ 4 4E%ES 19
1 HIRE AT S, FEARIR SOV AR R ey 3G 451
TEH 4 AR F 5 AR E A 4T RAA 973,
3 2k FE B4 il 2R 1% 8 (BB ] ( threshold time,
TT ) Kl e e 5 1R L& . QISR 2 7B
# SYBR Green qPCR Mix %¢ )32 it PCR il & 78
iR TIPS, By EOEE TR, #%
PR G P A B R v, I AR U BH A5 4
Ak PCR P H#EAT RN . BFi 1 4 LS9
a4 AT AT A, AR R NIA R A
2T 4 AR R 5 AL A e T it 26 AT
1.3.6 RN S&AFAPEA: B R B AR R AEAS ) i
JET (39°C, 40°C, 42°C ) HEATSERT D RAA 971,
BMREES S, AR Z B3 14 ih £
TT, i fedd R i
1

Melt Curve Melt Curve

o

0.19

Derivative Reporter(-Rn'")

0.14]

0.04]

65 70 75 80558 90 9
Temperature(°C)

& 70 B 80 508 %0 95
Temperature(°C)

1.3.7  RESEDH: K HADV-14 P R bR 7 5
b B A B & 2k N 10%, 10°, 107, 10" copies/
w L AR SR, DATCARE K N BR X AR, 32 ]
HAAV-14 296 RAA ik b, &k i
T S, LITEAGSERT 2 RAA @ v 1 R EUE
FFoHr 5 UCE S RINEE R TT [E4HE N v,
1.3.8 5B SIGRIRFEA AT AL 1) HAV-
14 SEAF 50 RAA Jrvk, XH7E N R il 428X
PRBEFFBAEE JLO = B BEYR ALY 50 oy R4 T 64746
W, EARIRAE ™ 4 4 FRARAE BT, JF S50
J6 PCR #iM &5 b 47 b, PPAl HAAV-14 S22
It RAA 2 32 14 e S R HC A I DR AR AS v 8y G )
PERE.
1.4 %it5 o4 KA SPASS16.0 Giit2# ik
Pabs, b TT A oRk, PIgL] LR ¢
FBe, P<0.05 AZESHAGIEE L.
2 HR
2.1 Fl Wy Ae iR A9 0R ik I A R 2R 0 BT 5 AR L
Bl 1o 4 L5100 7 i i 28 2 S g I R 7
82°CLEAT, VA 4 U5 RS 8 R, 4 415]
WRE A A TR RO, b4 1
(HAdV14-F,,, HAdV14-R,, HAdV14-P) (¥ TT
B, WORAA 1 MEESIIRET A, WA 2,

Melt Curve Melt Curve

034

Derivative Reporter(-Rn')

6 70 75 B80g308 90 95
Temperature(°C)

65 70 75 80 8274 85 9% 9
Temperature(°C)

W 1: FRy; 2: F-Ry; 3: Fiu-Ry; 4: Fiu-R,.o

&1
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22 ARENBETI AR AW EER BT, 20 40°C K HAAV-14 SCHTDE5E RAA R
Haph<kny TT AR LI 3. 78 40°C 54 F 3 18 i), i VIR
PRGN TT i, H 5 IR 25 R & 42 1k
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e o1: 39°C; 2: 40°C; 3: 42°C.,
B3 AEIRE HAAV-14 2R3 RAA 318458
23 EHEESH R IWE 4. L HAIV-14 [H HAdV-14 52098 % RAA # J7 ¥: 19 R 88 4 10"
PE ORI bR E S oM R, MR E R 10°, 10°, 107, copies/wlo J34b, 5 RE G KA KA TT EHLN
10" copies/p 1 B} 35 4 45 S5 M ¥ 14 il &k, Fr LA CV<5%, Z5RWEK 2, RIZINENELZERL

Amplification Plot
650,000 : : : 3 ] . 0]
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| He
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350,000
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200,000 s
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o
5 0 15 2 F-} 0 k-] <0 &5 £ 55 L]
Cycle
e 1: 10%copies/wl; 2: 10’ copies/w1; 3: 10°copies/p1; 4: 10' copies/p1; NC: BIEXSIE,
4 HAdV-14 LRSS RAA ME XM REE LT
*x2 T REIEHRE RAA NIMES 4
FREEK TT {5
BEBIRE (copies/w ) sfic) v (%)
1 2 3 4 5
10° 4.71 4.62 4.74 4.80 4.65 4.70 1.50
10° 6.66 6.27 6.12 6.21 6.37 6.33 3.20
10* 8.67 8.2 9.02 8.95 8.56 8.68 3.70
10' 12.08 12.65 11.46 12.05 12.10 12.07 3.40

VE: TT: BT, 0K R SR (R B IR SEROE (A SO I M 10 000) , BBk min; RAA §RIBHFE
BN 40°C 30s , 60 AMIEFR, FFLLTT fi = AR AOEEREC /2, I 58P rh SABERECA 60 A4 T R ] 30min.

24 HFERNEFEAAASH UL S, HAAV-14 FH VERBRR T, ToRER OGS, RUTZAN 757k
PEFEA Y DNA BRI SRR S MO0, FRES R AT, ATl A I ARAS I 7oK o

&4 HAAV HiAl W (HAAV-3, HAdV-4, HAdV- 3 itig

7, HAdV-21, HAdV-55) 5 HE 5 s AR iz AR EE (HAAV ) & — P BAT S A% Je vk 1
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JEAA, fESFEU™ AT ISR . ITAEK, HAdV-
14 FE RGN EF I, 51— R 5™ 5
TEPIRIF R FNRAT . T AR S ek, HR g
R HE WALy, A] 5] S A AR E O
R, 38 U] 55 2 Ao . R BH FE R 19 HADV-
14 K W0 732 X6 3 oo B 2E A3 X B W, DAy
HAdV-14 JE& L 1) 2 Kk FAL 4% . A& 5810 HAAV Kl
Tk FERAYRTE . R RIESITERER,
HIX S ARAFAE TR B S i, XELLSCEE HAAV
B W . Hr, W S T2 kiR ass
PCR FISEAT 26 PCR %5, ‘BT EA &0 m il R A
MRS, B8 ZHTIRIK L HADV &G 2

Wro (PR AR TR 3 0 AR s B REISCRI Z645
RIS, X807 B AN T8 T B A i B A PR
WX T HADV BB 2 W, 5% H a0 Fi2WidAR
I, SFRAZIRRY A R Pk HHA ARk
5. RAA R AR vk, FaEa A jE |
AR, REUE S FERMER, FRIE AT HAAV-
14 (R IZ W s AL . 25T 9LAF HAdV-14 9%
FERGIN 7 B A JE L B2 HAAV-14 95 75 P 30 37 46
MR, WFFE—RFh T e R T PRI HAdV-14
7 HLAER H T A2 I 7 I RAA ¥ 7 kb A
WE

Amplification Plot
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S
% 125.000 3
)
100.000 =
75.000
50.000
25.000 N
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e 1 PHEEXFR; 2. HAAV-14 PHPEFEAS; 3. HADV HAB W (HAJV-3, HAdV-4, HAdV-7, HAdV-21, HAdV-55) FHPEREAS . HR
DR R FAMEREAS . 2019 B BUEDIR I BE FHVEREAS | I B 0 5 PRPEARAS | IR SRR BEEREAS | il S R BR B BE PR AR .
5 HAdV-14 EEE RAA ME A BIGREAR 547

AR AR AR AT DUAE A AR A PR IR A R
98, il A 5 X S 2O A s AR 4k
YRS 25 T AT AT ARSI . 5 S22 5 PCR
FHEG, 207 R B ] R R S, i e 4 AT
JE— MR HAAV-14 {5 68 B 0 5k, @& T
TEYE IR PR X 4T HAAV-14 By Psi2 b, R4
ABFFEHE ST OS2I 98 RAA K 5 1 5 A K6 i s
(B, BRAERAE . SHUER BRI E 2, (B2
TR B — s R BRYE . D HAAV-14 BHPERE
ARG, % AE P £ HAAV-14 FHE AY I PRAE A
FIATZ T QTR BA AN SAE XTI,
FE SR I FH S I PN 2 L BRAE b v A4 i 551
IFEIR s OTEIEEASCRY, %A L1 T
T RAA SIHHRET , INFBRTT & L1 TR,
AT — Tk RAA BI5 IHEEHETT; @D RAA H
A H HTAE NG R0 2 R i, i o 4a Xt e
H, ERYE AR SR (>107 500 ) BF, SNk R(E
(I TEAR R, — A — P A Bt rT R 3, 3
SN i A 159 (s () sl AR X MR AG I, AR SR,

JUT LA 1 (s 1] 5 A e s 5 DU SO B30 T e L 2
S

BAR RAA BLAIE TSR 1S, Al f2 70
T KRR Y AN, (R I I 75 B R L 4l
fhix —EBI AT, HILHZEIFLREW LS RAA
T A () PGS R AR HCH R ol R e BB AR
el HC B 03 T U I = b X A B2 W, AR TR
HE It & T —FhE T PCR, 52556 PCR
J AR PCR MY IR e de IV R, i BOR W] e 78 &
T 5 ~ 10 min AT ST E GRS 19
SRR HOR A% R ( DNA I RNA ) , AT HEEGE
BRR AT ELE A TAEIR Y 1S . S 4b, Bl 2019 Hrdhili
RPENE IR K, 18P HN IR K SARS-CoV-2 Y
TRk H a3, BT RAA HORA RIS ( point-
of-care testing, POCT ) JWiz izl 2, # 1k H ¥,
TG T HAAV-14 (9 RAA KR H0 45 6 ek 44
RHIE, Hit, S E T —pr BT AR 7
LU, RAA 5IAEHARME G0, A 214
#| T HAAV-14 ) POCT K3k 5], 78 ZBA
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PRAEAF BALICTAE)

g R, FMIIFR T — R b 2 o S

Pt RAA I 732 F TR HAAV-14. % 7 A
40°C AT 20min N R ATRIN H HAV-14, REUE
3 10" copies/ w1, A5 HAAV HiAth 7 A Kz HoAth 3 0L
P T D A 1 A8 U 5 S ¢ 1 PCR AR L

RAA A6 5 fa{, FEASHE /L

B A i PR R 2

HAdV-14 BYSHE TH .
SRk
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