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[Abstract] Objective: To develop a rapid and visual detection method of Stenotrophomonas maltophilia (S.maltophilia) by
recombinant polymerase amplification (RPA) combined with lateral flow strip (LFS). Methods: RPA primers were designed based on
specific sequences (NC_010943.1) of S. maltophilia. Through basic RPA reaction and agarose gel electrophoresis , the best primer pair
was selected according to the amplification performance and the formation of cross dimers. According to the best primer pair, the probe
and modified-primer were designed. Base mismatches were introduced into the primer and probe to eliminate false positive signals , and
then the RPA-LFS reaction system was established. The optimal reaction conditions of RPA-LFS were optimized based on the color of
the test line. The specificity of the method was identified by detecting 12 common clinically pathogens and 12 S. maltophilia of clinical

origin. The sensitivity of this method was tested by diluting the genome template. Kappa analysis and clinical application evaluation of
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RPA-LFS were performed by detecting 108 clinical samples, comparing with gPCR and culture-biochemical method. Results: The RPA-

LFS detection method can complete the amplification process by reacting for 8 min under 37 °C, and the results can be observed on the
LFS within 1 min. This method had high sensitivity and the limit of detection was 1.107 CFU/reaction. In addition, the RPA-LFS
method had high specificity and no cross-reaction with other pathogens. Compared with qPCR , the RPA-LFS method showed the same

accuracy. The results of RPA-LFS exhibited a high degree of consistency with the culture-biochemical method , with a kappa index of

0.972. Conclusion: This study has established a rapid and accurate RPA-LFS dectection method for identifying S. maltophilia , which

is independent of the precision instruments and the professional technician. The implementation of this method can provide valuable

information for timely formulation of appropriate reasonable antibacterial treatment plans ,and shows promise in clinical application.
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Figure 1 The principle of RPA-LFS
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Table 1 Standard strains used in this study

Strains ID Number
SMA ATCC 17666
Staphylococcus haemolyticus ATCC 29970
Staphylococcus epidermidis ATCC 12228
Staphylococcus aureus ATCC 43300
FEscherichia coli ATCC 8739
Enterococcus faecalis ATCC 29212
Enterococcus faecalis ATCC 700221
Acinetobacter baumannii ATCC 19606
Haemophilus influenzae ATCC 49247
Pseudomonas aeruginosa ATCC 15692
Klebsiella Pneumoniae ATCC 00603
Candida albicans ATCC 10231
Vibrio Parahaemolyticus ATCC 17802

.12 EEZAUE XA

TUAE R Fe 46 (1 BluePard 23 6] , i W K %
(iR A F]) R S 6T (Quawell 24
AL, EED, VR A B (RIS R AR K
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1.3 “%itFs ik

SEERAE AL SPSS 13.0 B 43 B o %Il AR A
B HE AT kappa — ARG 5 , kappa fH > 0.8 &8 —
HERSE, P < 0.05 %8 kappa {H I 5

2 # R

2.1 A dRA

HRPE SMA 4 53 M 5L R 51 NC_010943.1 % i
AT WX (F2) , XF 4 A0 5 | %o A 7 Ly 7
RPA SN (I 2A) o 4 4151 0XF 34077 A4 T ST RN
— B HE [ 2541, 491 R 470,163,369 . 189 bp, {HFE
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Table 2 RPA primer sequences

Primer pair Name Primer sequence(5'—3") Primer length(bp) Product length(bp)

Set 1 SMA-F1 TGAACGAAGGCAAGATCCACGGCTACATCTG 31 470
SMA-R1 CTTGCCGTTGTATTCCATCGCCAGTTCTTC 30

Set 2 SMA-F2 CTACCCGAAGTTCCACGTCAGCCTGATGAA 30 163
SMA-R2 GCAGATGTAGCCGTGGATCTTGCCTTCGTT 30

Set 3 SMA-F3 CACTTCTGGACCAAGCACGGCAAGTTGAAC 30 369
SMA-R3 GATTGCAGTGACATGGCGTGTCTCCTACAC 30

Set 4 SMA-F4 GAGCGAACAGTCGTGGACGGTGATGAAGTT 30 189
SMA-R4 ATGCAGTTCTCTTCCTGGAAGTCGACGATG 30

F:Forward primer. R: Reverse primer.

HRAES 1 PIXE 1 US| Pk v 4t 84 )5 1
TREFFNS 14 026 3, i 3 RPA-LFS A0 5 | #4541 40
A FURL/PL A4 18 BE K B 1 72 S 75 477 118 PH A
MG O 45 RN 2B firzs , F1/R1/PL 54 - #8521
A AR LT OB 04 BH A S R0 4 A T 9 k- #R
AR UL LB 254 ), X R B FURY/PL 5149 -85t
HEHA RIFRP I TERE . SR, 75 JORBAR X 1R 41
RN 2R 1Al R — 2k T LAY 55 ALy, R
FURV/PL 51 R ET H A AR BA PR 3 . 25 & )
RPA SR EREE T AT BE & A AN FI A 5 1 AR AR, 7
A=A S+ F 1 DNA &I 774 (< 100 bp) , BRI “5 | 4
o NIRRT A AR AR S R
TSI T A AR A X B 4
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I 54 AR E LY 2 IS s S A-G
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51 ) — R AR RN B L A L A 11 2C B 7R o 451 A
T AR LS, OO BR 2 AR PE 1S 5 2k
([ 2B) , Je 825648 FH F/R/P 5 | W)-3545H LA
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S SEBLRPA J2 N S5 A dae Ak, X6 L s 1 s (]
VAT TR o F il SR B R 37 °C 8 Sz
BRI B B 0.2.4.6.8.10,12 min (B 3A) . 4%
SRR, OV 4 min BRI 2 BB €L 55 1) 45
7 8 min BRI 2 4545 W T 52 . 8 min 7, LA S
JO7 B[] 8 JE K ARG I £ TG B i A Ak o s o s e
], 7 BI7E 22.27 .32 .37 .42 47 .52 CHEA T RPA T 1
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IR ZR BT B BEAN I =5 7L Tﬁ‘{ﬂﬂ)ﬁmﬂ%Fiﬁ 52°C JEEESERRR AZ AR T .
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5000 bp
3000 bp
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Control line
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.
C ———GGCANG PHF ] ———m ———GGCAGG——————{THF ———a
—oe——————@ — e e————————9
ACGGC— THF (————— ACGGE—( TH1F | —————m
—_— G —————— o —_— A ——————— o
—TGAACG THE n —TGAGCG THI n
——GTTG ° = ——GTIG °
———TGAACGAAG ———(THF (——— ———TGAACGGAG THF | ———&
TG ° TG °
—TG AN [ THF | ——— — TG A G THF |———&
CTTCTTG ') CTTCTTG Ty

FITC ®™3’Block @ Biotin

A: The RPA results was visualized by agarose gel. B: RPA-LFS results before and after base mismatch. C:Schematic diagram of base mismatch sites.

B2 &ESIMXTHEEREEIT

Figure 2 Optimal primers for screening and probe design

%3 RPA-LFSiF$t57I
Table 3 RPA-LFS probe sequences

F/R/P
NTC

-

S RBARST , 25 S

Name Sequences(5'—3") Length(bp)

F1 TGAACGAAGGCAAGATCCACGGCTACATCTG 31

R1 Biotin-CTTGCCGTTGTATTCCATCGCCAGTTCTTC 30

P1 FITC-TGAACGAAGGCAAGATCCACGGCTACATCT| THF ] 47
CAGGGCTTCAATCCGC-/C3-spacer/

F TGAGCGGAGGCAGGATCCACGGCTACATCTG 31
Biotin-CTGGCCATTCTATTCCATCGCCAGTTCTTC 30

p FITC-TGAGCGGAGGCAGGATCCACGGCTACATCTG[ THF | 47

CAGGGCTTCAATCCGC-/C3-spacer/

F:Forward primer. R: Reverse primer. P: Probe. The underline represents the base mutation site. The red font represents a modification.

A r v v v v \g v Al B — v v v v v 3
0 min 2min 4 min 6 min 8min 10 min 12 min 228G 2ASG G QIAE 4286 A7 SNE
|
- - - — - - ’_ T_ 5 = - ) -
| | | L EE E |
~ - s - - -~ 4 = - - A A . . J

A : Optimization of the reaction time for RPA-LFS. B : Optimization of the reaction temperature for RPA-LFS.

El3 RPA-LFS [ 7Bt 8 F0i8 E Ry L

Figure 3 Optimization of RPA-LFS reaction conditions
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2.3 RPA-LFS#itl #9455 B o7

J P RPA - LFS A6 I 15 J2: 75 RE 45 5 P 46 )
SMA, fifi I 12 Bl il PR 5 UL 20 18 1 12 £k SMA I IR
Sy B AR VEAT RPA-LES Kl o 4 /&1 4A B, {8 A 3
B B AL DI A Ay RPA-LFS S W AR AR s, 610 2%

A . A 4 r ‘r Y 1
arecs [adnees Barce W atce | atcc | atcc

2970 | 12228 | 43300 | 8739 700221

T

9 0/0 03203

A BLBAPEAS S, 5 0 FH I R 43 25 1) SMA R 2
DNA VE R B, 45 2R E 30T B 8 A PH PR A
S (EI4B) . 2503, 857 (1 RPA-LFS kil {4
X SMA HA R AT A S B, 5 oAt )5t B o 28 X
FU o

A :RPA-LFS method for detecting 12 common pathogens. B: RPA-LFS method was used to detect 12 clinical sources of SMA.
El4 RPA-LFS#:RE®RN
Figure 4 Specificity of the RPA-LFS assay

2.4 RPA-LFS#m & R 8% 5H7

J PEAl RPA-LFS Jy 7 B fe ARG 0 B, DA A 2
Fiis B 1Y SMA JE [ 2 DNA Sz AR AR . K2 i 44 2
A 1X10° CFU KL R4, K 28 1 i 30058 A BH
PE(E 5, Bl A AR MR B 0 BTG, B 25 104 00 €2 ik
5. MIREELE X107 CFU B, BHPE(E S92 400 2k
(EI5A) . Ak, R 13— 258 RPA-LFS Kl i) o
15 LOD , X A3 e FE A T 10 b ST ARG . 25 R 8
N, Y ROVAR R IR S 5 | CFURE, A7 9IR N
FEPESS R, L4 &5 1X107 CFU I, 47 1 IRE5 R
SEBAE . A SPSS HAF X 10 YA I Y 25 SR 1 7
probit [8] I 5317 (& 5B) o 7E 95% ) FHPERE ST,
RPA-LFS W (A e IR A I BR >4 1.107 CFU. R 10
RIZ RSB R AT A R L A T4 B T
TE ST AR 22 FR A SMA LR 2140, B AMINA 10 ng
P NZEIERZ] DNA, S5 5 BoR %5 ki 2 5
A% NZEDNA B2 (1 5C) o
2.5 RPA-LFS f2 & FRAR A 7 64 52 A

5 qPCR L FIE G R A1 SR ik FU R, T
i RPA-LFS J5 I 7R I R o i S BRI AN (R 4) .

X USC 4R 114 108 5] It R A AS 547 46 I, 245 R B
RPA-LFS 75l qPCR 744 108 (i3 A< oA 23 il 4
AL SMA PR, TR FH AR A3 s RGN H 22 41
FEA Jg B . %57 B9 RPA-LFS J7 1 5 qPCR VEHIAF
BN 100%. RPA-LFS 565 E (LRGSR rm BT
546 %4 99.07% , kappa $85U{E 4 0.972, P < 0.001,
ULH] RPA-LFS S50 L A5 vk — B acar
£4 RPA-LFS 5 qPCREFMEG &L IEFE LR
Table 4 Comparison of RPA-LFS, PCR, and traditional
bacterial culture methed

Positive Negative  Total

Methods Test time
samples samples  samples
RPA-LFS 23 85 108 <20 min
qPCR 23 85 108  About 90 min
Bacterial culture 22 86 108 About 2 d
303 i

395 S TR 2 %) BB K R 2 R R I A 36 AR W]
ZMHIME S Z— o AR R T —Mit R ALK
RPA-LFS J5 %, FI A0 SMA, BESZ B T SMA Ay R
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T T T 1
IX107 1x10™" 1 10 1x10° 1x10° 1x10*

Template amounts (CFU/reaction )

A': The sensitivity of RPA-LFS system was measured using different concentrations of SMA genomes. B: The LOD of the RPA-LFS was estimated

with a probit regression model by SPSS, the horizontal dashed line represents 95% detection limit. C: Human genomic DNA was added in the RPA-LFS

system to determine anti-interference capacity of the RPA-LFS assay.

BE5 RPA-LFSH#&NKREE D
Figure 5 The sensitivity of the RPA-LFS assay

ARG, 3 T8 T RPA-LFS i) FH TG

SMA & 55 4 B (0 A Bk 1 4 4% B0 1 | fif
SR REERGARK AZGNIAEY 2 5+
FEARXT T %52 SMA By — @ Pk ik . PCR AR R
SRR | 2 O R ARy VR T R 4 ROV A
H BB, ASE FH 3 R AR B ) P g
A HEHAB 2> T4 R, RPA A 7 4 A0 A 9L vp ik
11, AU T4 38 HRS HEIR 4%, A7 R F POCT 1 &
OB RPA H AR 5 LES A 5 vk 645 (1], AT
T S5 P[] A S T 0 5 AT 1) Pl e A AR A . 7
RPA-LFS iz Jbf 1 B v, DNA AW F 51 4 1Y
3 i T WG B 51 LA 7= HE B /INI T 18 1 AT 245 4T
(1) 3" i AR BS AN A bR iC T 1S F (R 1),
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