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ABSTRACT Objective: Establishment and application of reverse transcription-polymerase spiral reaction (RT-PSR) for rapid
detection of Mycobacterium tuberculosis (MTB). Method(s): The RT-PSR specific primers were designed by the 16S rRNA gene of
M. tuberculosis and preliminary establishment of MTB amplification technology by optimizing the reaction conditions. Subsequently, the
specificity and sensitivity of RT-PSR, RT-LAMP and real-time PCR method were tested with 2 strains of MTB and 11 other pathogenic
bacteria. The diagnostic comparison of sputum samples from 83 tuberculosis patients by RT-PSR, Lowenstein-Jensen culture, RT-LAMP
and real-time PCR method. Result (s): The RT-PSR method for MTB detection was successfully established and optimized. Compared
with RT-LAMP method, the specificity of both methods was 100%. The sensitivity of RT-PSR was 1 CFU/mL, which was 10 times
higher than that of real-time PCR and the detection limit was 0.1 pg/wL. The results of clinical samples showed that the positive rates of
RT-PSR and RT-LAMP method were 98.80% (P<0.05) and 96.39% (P<0.05), and the difference was statistically significant when
compared with Lowenstein-Jensen culture method. Conclusion (s): Compared with the traditional detection method, the RT-PSR method
show good specificity and sensitivity for the diagnosis of MTB in clinical samples, which is suitable for the promotion and application of
MTB prevention and treatment in primary medical units.
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BT, IR _LXF MTB 9127 = 2 590 R 22 Wik (an
PR A PURR Y o3 A 37218 ) MGIT 960 JRAR PR 3557 1% |
R4 B =X /2 v (Polymerase chain reaction, PCR )% K 2GR 4™
357 R (Isothermal amplification technology, IATs )45, Hr,
R IR R A MTB il (g " & hrifk ", BARTT B AT,
RGN R Pk 25 ARSI 2% B (RIS ELRY HH3R4I8, A8 A T MTB
FAE 45 ¥ 4 B 4T i (Non-tuberculous mycobacteria, NTM ) fi#] 25
SIS ; PCR s A Pa 1 75 1 WHO HEZER = R0 Wy
B ABXT SR B E N R ER R BB SE N A B
B BTN AR A, BRI T 26 IR b e 5 o1, S8R 1y
HAR DR ERRTE AT S A S sF [] Py AR H 2 2R HLTCR5 B S i &
SA T ZN TR 2SR, G BRI SN
(Polymerase spiral reaction, PSR) 1 h—Fr B () Z5 1R 14 3
AU Tl DU B 52 3] 732 0 , 120 I AT AR 1E IR A5 A4 T A
FH 2~4 R S 1 5 ) 7E Bst-DNA J4 B (9 /E FI T SE g%t
AL B PR 53 2 4F IR Y1 (Loop-mediated isother-
mal amplification, LAMP) kA0 L, PSR 741 5 #i% 11 55 Ay i
o, B HROR S AT B SR A R

ARWEIE VLS5 A BT TR 16S RNA H [ 4 #7153
B - BAREIENE N (RT-PSR) AR S YES W), 3 5%
% RT-LAMP 3 568 £ PCR AT Re 5 AU LA,
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1.1.1 EEKF 58  DNA Marker dNTPs MgCl,, ZH &

DNA F K42 B4l Ak 300 & RNA $2 5050 £ MMLV J % 5%
I A E A TAR RS A PR A FIFE6 B Sigma-Aldrich
95 5 A FRZ2A H] s SYBR Green Il FH JE 1) AR A BRA 7 5
Bst-DNA &7 F NEB (4657 ) A FR/ZA ] ; TagMan™ 5558
A A FEER R B (P ED A BRAF B IG5
EIFRBNRRE RN ARG N REYRHAERA R, 2Ot i
PCR 4% (Tanon 2500R) ¥ [ ¥ K AERH A BRA F 5 HHAVE TR
K5 (HH-W420) 1l A IR RS A IR A R A7 5 90
7E 1t PCR L (Mx3000P) 1y [ 32 El L HEMR A Fl

112 BHRSRIE ARk : 25 0 B8 H3TRV(M. tuberculo—
sis, ATTCC 27294) . MSINHFT B (Mycobacterium intracellu—
lare, C68230), $HEHsHAF IR (Mycobacterium kansas, ATCC
43224) . i N 4> ¥ FF W (Mycobacterium marinum, ATCC
25039). 1H & 5 B FF B (Mycobacterium  fortuitum, ATCC
35855) i & 55 8 1A B (Klebsiella pneumoniae, ATCC 70603)
il LA T ( Pseudomonas aeruginosa, ATCC 27853 ) V0[] K
W (Salmonella, ATCC 13076), ZEHTHEAT# (Listeria, ATCC
19115), 4 % (O # & R (Staphylococcus aureus, ATCC
25923) KW i ( Escherichia coli, ATCC 25922) fifi 48§ BR
T8 (Streptococcus pneumoniae, ATCC 6305) ¥k B Jb 48 4= ¥ B}
HABRAT; G5BT H37Ra Mk A 4200 AR X R
Be R EARAT, ARBFSET 2018 4F 4 A& 12 A 3Llsesk [t
AR X BE B L T N REBEHIS S 205 B RFEAS 83 1y,
DL AR AE R A IR T R ) 5 Uk

12 ik

1.2.1 3|¥pi&it  RORIEAEIGE T RS 10 R e e AU
43 WIAE GeneBank B4 4 i F 4RI LU X 45 4% 43 BT 1A H37Rv
FRufitk (GeneBank 235 . NR_102810.1)F1 Al AR &5 A% HF 14 1
16S IRNA 2741 , 2 751 et g Z B ] ZF X A2 10 bp~210
bp ZI], WEFRZ X AIVE 5 Wik it a8, 6 Primer
Premier 5 #4531 RT-PSR [ S8 12 1),

% | RT-PSR #1554
Table 1 Primers used in RT-PSR assay

Primers Name Primers Sequence (5'-3") Size(bp)
Ft gtcaaagegatcecgeettac-CGAACGCTGGCGGCGTGCTTAAC 44
Bt cattccgecctagegaaactg-AGACCCAGTTTCCCAGGCTTAT 43
IF TGTTTGGAGAGTTTGATCCTGG 22
1B AGCGCTTTCCACCACAAGACATG 23

1.2.2 #a DNA BHl& B4 BOT bR itk H37Rv %
T T2 QAR IR A |37 CHigR 24~48 ho SRJG PRICAA
VAR T2 IR RS SR B P AT R IR . H— BERY TR
21 RNA SR QR E U 5 BT g 4R RNA i, 55 .

1.2.3 RT-PSR REFRHBSL SMAL  1556%) RT-PSR (14F
SPES I BT IE , FCHLEAARN 25 wl fA& % :2.0 mmol/L
dNTPs 2 pL,2 mmol/L MgCl, 2.5 wL,10 x Thermo-Pol Buffer
2.5 uL,Ft 1 Bt 5| #4% 1.6 wWL,IF Fil IB £% 0.8 pnL,0.8 mol/L
Betaine 2 wL,Bst DNA A 1 wL(8 U/ &), DNA 4 1 uL,

HH MR 77 50 U, MMLV 4% 3¢ 100 U, 2K X
BT /KANT 2 25 wLo ff EIRIR AT 60 T4 T 60 min,
SRS TRA FH 2.0% B IR I FL VO 748 7 ) 384T 3 B, B
JE N 1wl SYBR Green I(x 2000) 3 RHE 2], 73 5I7E H 280
TSI T ML . 35 %) RT-PSR 2 14 & (i 2 \Bst DNA
T B2 | RHSRBRME B2 \Mg™ Y B ANTTPs ¥4 B2 RS 77 1 ] EA T 10
e, Semih BEASGESE WIS T 2.0% B i I L vk
BUEY AR

1.2.4 RT-PSR ge5ME i RNA $2IGAG0 @ R0 1A 13 tk
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ST (2 BRESAZ AT A 11 MRS 0% 1) (19 RNA
M, 4331347 RT-PSR 151 RT-LAMP JA#EF TR, LUK B 2 89
TR RBIEXT B, RT-LAMP J ] 142 52 2% SCHRUS, i 1y 24
Ja , R M PIA 1 wL SYBR Green I(x 2000 )443 51
T H ARSI TRER, [RIHRE 3 38 7= F In B W 05 e vl Bk
538t

1.2.5 RT-PSR WM HUE 2 [ AR IR 3k B A KR
RAF IS5 A% 53 BT 8 H3TRv ARUERR VR . ZobifiE o FI IR 46
S PR, FH L e A ST 8 VR Ve RS0 0 R B 20 TR R &
1x 10° CFU/mL, BiJ5 53 134T 10 £545% AR % 1 CFU/mL, 4y
S I 2 mL 25 A B R TR VR BRI RNA R DNA, i 5 3547
RT-PSR JEFIZE e it PCR ¥ P UM RG

1.2.6 RT-PSR Ry iMIARAR Ayl —2 WA RT-PSR kA
PR, $REZEAZ 4R FF B H37RY 4 RNA 5l IR & (14
MO HE B i A7 I 5, KB 25 B /K IR 4% %210 ng/uL, 4371
FR B L& FKIEAT 10 £545 A BE 2 1 ng/wL (100 pg/pl,
10 pg/pL.1 pg/uL.0.1 pg/pL.0.01 pg/pL.0.001 pg/uL, LK
FBE TR BIEXT IR, 2 IR 2 L 25 R0 B ViR B RV A T
RT-PSR %45 .

127 WGEREEAR  XFUSCEERY 83 (il PREE(ISE A% B
WA TR (R A AN B GG IR B 37 , VR M Ife ARG TN 3T
M " ShrifE . B HEEUREAC T RNA 1 DNA 3251 8847
RT-PSR i \RT-LAMP 3L 50 £ PCR ¥E#EATY 3, e K
B33 K BT I, H37RY S AT AR, 18 LR 4
WRFF 3 [l SPSS 16.0 #RAFHATEE T4 0007, R Rk
5, P<0.05 LIRA G2

2 R

2.1 RT-PSR W31 5 EHMU

PR HU) H37RY FRiffbk RNA J9iHziEAT RT-PSR 474,
BB L TR AE AR s | FEAE ™ 4 S B A AR oA, i 9 44t G
R o IUMANHUR 1) SN PR N SYBR Green 34k}, F 4%
JET FRPESS R AR 0, FAE IR G (05 SRODE T L, BHESS
REp OISO, MBSO AL, WK 1.

A

B 1 RT-PSR Ry 455
Fig.1 The results of RT-PSR amplification
A-C. Observation of agarose gel electrophoresis, natural light and UV light
for RT-PSR, respectively. M: standard DNA Molecular Weight; 1. negative
control; 2. H37Rv

43 5% RT-PSR A S 7 5 AT O Ak, S5 At yod 2 450 00 4%
R, PSR IR 61 'C MgSO, ¥ & >4 3 mM dNTPs
W 1.2 mM HISERHR 2 0.8 mM Bt figik & 8 U 43
AFIE] Sy 45 min, BEAR W3R 2,

% 2 RT-PSR R A& HHIMLA
Table 2 Optimization of RT-PSR amplified condition.

Conditions Reaction interval Difference Good yield Final selected
Temperature 60-69 C 1C 61-65 C 61 °C
MgSO, 2.0-8.0 mM 1 mM 3.0-5.0 mM 3mM
dNTPs 0.8-2.4 mM 0.2 mM 1.2-1.6 mM 1.2 mM
Betaine 0.5-2.0 mM 0.1 M 0.8-1.3 mM 0.8 mM
Bst DNA polymerase 6-12U 2U 8-12U 8U
Time 0-120 min 15 min 30-60 min 45 min

2.2 RT-PSR # B Hik 1

AR I B 2588 7 /K AU R P IR, e 13 AN TH]
BHRST WIEFT RT-PSR F RT-LAMP {945 i . Brlg gt
JREHL UK AR R, PIRR B AT R e 1 2 BRBH P MTB,
Y1 B MR 25, MRV SRR 11 BRSO B
P14 K SYBR Green I et 5 W = WIR &, ASOL T BHTED”
Bh R BIMEIRIE € SRR B 1 R a5, 114
BNTAE ., LA 45 R F ] RT-PSR F1 RT-LAMP J5 %% MTB

RY4FSPER A 100% (L 2).
2.3 RT-PSR & EiK16

50 16 TR e B 1 10° CFU/mL 1 45 4% 73 B AT 1
H37Rv # Ui Bk B WA AT 10 1% F B J5 43 39 i 17 RT-PSR Al
real-time PCR fURPE RS . 58 4N[E 3 7w, RT-PSR Jivk ik
IR AHEE 1% 10° CFU/mL, ij real-time PCR 7577 A I 5 40
&2 1% 10" CFU/mL, 3H] RT-PSR Jy ik BAA# m W BUst: , 1L
real-time PCR ¥£ 7511 1 MRS,
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& 2 RT-PSR 5 RT-LAMP B4 F 14 184 R
Fig.2 The specificity of RT-PSR and RT-LAMP amplification
A-B: Observation of the products from RT-PSR, RT-LAMP under agarose gel electrophoresis, natural light and UV light, respectively. M, standard DNA
Molecular Weight; N, negative control; 1, H37Rv; 2, H37Ra; 3, M. intracellulare; 4, M. kansasii; 5, M. marinum; 6, M. chelonae;

7, K. pneumoniae; 8, P. aeruginosa; 9, S. Enteritidis; 10, L. monocytogenes;11, S. aureus; 12, E. coli; 13, S. pneumoniae.
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Fig.3 The sensitivity results of RT-PSR and real-time PCR assay

A, Observation of the amplification productions from RT-PSR by agarose gel electrophoresis, natural light and UV light, respectively. B: Amplification
results of real-time PCR. M, standard DNA Molecular Weight; N, negative control. 1-5: 1x 10°, 1x 104 1% 10% 1% 10% 1x 10' CFU/mL, respectively.

2.4 RT-PSR Hy#& 4R FR

3 o 2 SR A AT H3TRY FRUERE RNA B & =5
WA BE L Z 10 ng/pL, £— ZRFIH 10 {586 H B, 2K
5256 BT 49 ) % RT-PSR A I #% FR 45y 0.1 pg/pL, W] UL
RT-PSR REMS 58 R A5 % A BOFF IR 1A s . DA 4.
2.5 I ERFEAE I

AWFFELL " GhnifE " - B REF IR AT AR Y 83 Mk

I REEA 1 MTB RIS S S 10, 25l F] RT-PSR 7571
RT-LAMP X e A s ) RNA 474G, [RIEY LA real-time
PCR LXK DNA FEA AT i In 45 R 03 3, 5% W
FREA L, RT-PSR 155 RT-LAMP 32 (9K H 2K 4535124 98.80 %
(82/83, P<<0.05)Fl1 96.39 %(80/83, P<<0.05), Lk I WiFhJ7 k5
G R 22 A Gt 3 3, RIS 1 RT-PSR I AE I IR
ol 1 FH i BAT — 22 Y .
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Analysis of agarose gel electrophoresis Observation results of reaction tubes
i (4 o) ﬂ 56 7 8 N
] " : =
~ !
Ei
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I
g
750 bp .
-
500 bp e f!p
250 bp ' 5
100 bp .

4 RT-PSR Hy#& IR FR
Fig.4 The detection limit of RT-PSR assay
M, standard DNA Molecular Weight; N, negative control. 1-8: 10 ng/pL, 1 ng/pL, 100 pg/uL,
10 pg/pL, 1 pg/pL, 0.1 pg/pL, 0.01 pg/pL, 0.001 pg/uL, respectively.

R 3 I REEAAED

Table 3 Detection results of clinical samples (n=83)

Detection methods Detection MTBb Pc Detection rate( %)
+ 69
L-Ja — 83.13
—_ 14
+ 82
RT-PSR P<<0.05 98.80
—_ 1
+ 80
RT-LAMP P<<0.05 96.39
—_ 3
+ 73
real-time PCR P>0.05 87.95
—_ 10

Note: a L-J= Lowenstein-Jensen culture medium; b MTB patients, n=83; ¢ The sensitivity of RT-PSR, RT-LAMPand real-time PCR compared to L-J,

respectively.

3 9t

FURI, 2% SRR 5 R R e s 7 3 I 200 R 2
AHB X AT 2 S R A3, 2 ) 1 T f Rl RN 5 2 ol
e E AR, EET R R MTB IS )y ik % e s,
" bR " v R KBRS SN MTB 1% 5 (145 [HRERT K K il
RALHBAEE LS, TGO T 83 GIIMISS 1 8 B bR A T
B FHR R, HC A A E T A LA, B 5 T
ARy 1 R T 2 , AR 2 AL )y 1 S8 T
P FRTEGERGRG IS 2 b f LAMP ¥ 58 Y5 | ) 25 B ek
A PSR AR MR B AR I B, TR
i (S 5 45 0 PR ) L Al 08 4] A 65 D 35 PR
1O TR 24 A MU IS ST T S
HG 09

ABRFCESL ) RT-PSR 44 AR AL /M AF 3 16S rRNA Wy
LR P, D9HC B F s 1 D e i R 5 15 e FLAUE T
LA BRI T P BT 6 T 9 A 5 DR e 1 B
T, (T2 TR 43 R PN 3 1 LA ST e 5,
PSR | W B R MR S XA S R E S

AT UL, ASSCEEST ) RT-PSR YATE VRN 54 SR A RNA B ]
F 5 fe s 76 J i 1] P9 58 B 16S rRNA JE[H [l iy 1 | 484~
HOZAARAG IS B A Z , AN RRAR T I RE AL R RS 55 2 HI
BAS IF FL4 TR R] . G255 /3BT BRI (1 A5 R
HE AR BT LB W E] 2003 47, SRRk £ 1Y 5L F MTB
Krml ) LAMP S ARWiSeHE 5008, Horb 354 5% - A 4500
PRG5BS e I 2 22 7 T LATGHAS I MTB FEAR s — 45 DL
Y 16S IRNA, HEE MR 4, B T LAMP i@ I F3ZEST
MR PR, B ST ST Y RT-PSR (L5145 1 5
T BA A 5, [R)ARE T LA N 5 | 4 T o 1 338, S BT i o)
V) PN 58 RN S R R 3 . e M AU R IR g 4 SR R
B, RT-PSR 5 2 B @7 (1) RT-LAMP J7 kAt , W BLAT 4
Ivi) Fr) 3 P R S, BT R S A 45 MITB 1) PR B
B, A 11 ARBOW Y 1 5 5 real-time PCR (14 fUE AH
H , RT-PSR {80 E 31 , ok real-time PCR ¥: 1 10 43, H A&
T RRATA 0.1 pg/uL, AT AR FHXT FARHE DB ARG IIT 55 . 4
BN " 44 dE " = RT-PSR ¥ RT-LAMP #: il real-time
PCR 3 X I PR FE A A7 R, 45 2R & W], RT-PSR 1 fil
RT-LAMP 3 (45 3 188 T2 Qo eik, HE R 38 ESE



- 884 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.5 MAR.2020

T RT-PSR VEAE g 20 | P G I T BE T LIR $H 1l PR LX)

MTB B
FEAE IR 3 2o A T R A 5 (00 B R B I Pl s 3 3 ™

WA T o b, S A vh 5 BEHTIR AL 2 8 (EB) B 3, 13451 1

TRTER I BT B BOm M FBOnr v | RS S IR, ik

RGP H 89, AWF5EEEPE SYBR Green [ 5GYRHE

BRI, SN2 AR T A5 AT I/ 4 e BT S v

A, AT RLER A IR, (R S 0 A R A P e A R U

JBE , FTOT S A8 I I JEE B ) i 2 X o L PR 5 1 i 75 2 , 5 %o

JRSER T R AT R . EdGE , C AR B — e

I S N AE B, BT T S 1) PN S I e e, R R R

TSN 235 SR T AT IR 5 e (R XU , 1EL | T R iR

TS EAERZ IR BRI . 25 TR AR g

S7H RT-PSR ik, AUEA P AR AAS | g e S P A g R

SRR, LA SO AR S L B RE G T T A

JR RS 7 AL T AT R B DREZ I
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