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HER .

(2) BRI EERZ BT Rv3876 PR MRS58 7» BOFF 1 15900 R, Wit IR AL A R &5 g™
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GE. (1) ARHFF B T AR S5 0 BT Rv3876 AR S5 50 BT B 1S900 =K 1) gPCR ¥
515 TaqMan #REF, HFROIIMEERE M BURIARAE &, e HIfS BIbRvE 2, BMECRRIF;
SEFESLI QPCR B SR EE N 1 uM, TaqMan R4 e R R4 250 nM. 25 K
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37°C 30 min, REMEFE M PCR #2100 5A01 10 £%, 5 KIHAFHE . (FFUREBRE . S0 fg A= 4=
HrRE B i ORI ER B RO TEVD T L g IR AR IR TG 28 XU, FoRe 5 1% R 47 - EDTA-TritonX-100
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1 6.36x10* CFU/mL
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Abstract

Objective: This study aims to establish duplex qPCR and duplex RPA-LFD detection methods for
Mycobacterium tuberculosis and Mycobacterium avium subspecies. paratuberculosis, enabling the
differentiation of these two pathogens in raw milk, which provides an adjunct to the rapid detection of these
two pathogens in edible products

Methods: (1) Design specific qPCR primers and TagMan probes targeting the Rv3876 gene of
Mycobacterium tuberculosis and the 1S900 gene of Mycobacterium avium subspecies. paratuberculosis.
Construct corresponding recombinant plasmids as quantitative standards for qPCR and establish standard
curves for quantitative analysis; optimize the assay by determining the optimal concentration ratios of
primers and probes;Design and validation of singleplex qPCR assays targeting Mycobacterium tuberculosis
and Mycobacterium avium subspecies. paratuberculosis, respectively. Development and evaluation of a
duplex qPCR assay for simultaneous detection of Mycobacterium tuberculosis and Mycobacterium avium
subspecies. paratuberculosis: Specificity, Sensitivity, and Limit of Detection, and was verified by simulated
clinical contaminated milk samples

(2) Based on the Rv3876 gene of Mycobacterium. tuberculosis and the IS900 gene of Mycobacterium
avium subspecies. paratuberculosis, a recombinant polymerase amplification (RPA) primer and probbe
were designed and optimized, and construct corresponding recombinant plasmids as detection standards;
determine the optimal reaction temperature and incubation time; establish a preliminary rapid detection
method for these two pathogens using recombinase polymerase amplification combined with lateral flow
dipstick (LFD), and evaluate its specificity and sensitivity. Evaluation of the assay’s limit of detection
(LOD) using artificially spiked milk samples to mimic clinical conditions., and the dual RPA-LFD method
for the detection of two pathogens in milk was further optimized and finally established.

Result:(1) In this study, qPCR-specific primers and TaqMan probes targeting Mycobacterium
tuberculosis Rv3876 and Mycobacterium avium subspecies. paratuberculosis 1S900 genes were designed,
and successfully constructed positive plasmid standards. The calibration curve results demonstrated a good
linear relationship.The optimal final concentrations for the qPCR primers and TagMan probes were 1 uM
and 250 nM, respectively. Cross-reactivity testing confirmed high specificity, with no amplification
observed in non-target milk-associated bacteria such as FEscherichia coli, Listeria monocytogenes,
Salmonella Typhimurium, Staphylococcus aureus and Streptococcus dysgalactiae. The detection sensitivity
for Mycobacterium tuberculosis and Mycobacterium avium subspecies. paratuberculosis was 1.35x103
copies/uL and 1.29x103 copies/uL, respectively, representing a 10-fold improvement compared to standard

PCR. The sensitivity of double fluorescence quantification is consistent with that of single target



fluorescence quantification. Using artificially contaminated milk samples to simulate clinical conditions,
the method showed detection limits of 2.05x103 CFU/mL for Mycobacterium. tuberculosis and 2.55x10*
CFU/mL for Mycobacterium. avium subspecies. paratuberculosis.

(2)In this study, Mycobacterium tuberculosis Rv3876 and Mycobacterium avium subspecies.
paratuberculosis 1S900 genes were selected as RPA detection targets, and the primer set specificity was
good.The incubation conditions were 37°C for 20 min and 37°C for 25 min, respectively. The detection
limits of recombinant plasmids were 2.10x10' copies/uL and 1.68x10? copies/pL, respectively. Based on
the aforementioned findings, a multiplex RPA-LFD platform was successfully developed, with the most
favorable reaction parameters identified as 30 minutes at 37°C, and the sensitivity is 100-fold and 10-fold
greater compared to standard PCR assays, the detection method demonstrated excellent specificity with no
cross-reactivity observed against Escherichia coli, Streptococcus dysgalactiae, Listeria monocytogenes,
Staphylococcus aureus, Salmonella Typhimurium, and Enterococcus hirae. EDTA-TritonX-100 method
was the best methods for DNA extraction from simulated clinical samples. The lowest limits of detection in
simulated clinical milk samples were 2.87x10* CFU/mL and 6.36x10* CFU/mL, respectively. In this study,
a dual RPA-LFD detection method for two pathogens in milk was initially established.

Conclusion:The TagMan qPCR and RPA-LFD assay were established in this study demonstrated high
specificity and sensitivity, enabling reliable differentiation between Mycobacterium tuberculosis and
Mycobacterium avium subspecies. paratuberculosis. This method provides a robust diagnostic tool for
early detection and intervention of diseases caused by these two pathogens.

Key words: Mycobacterium tuberculosis; q-PCR; Mycobacterium avium subspecies. paratuberculosis;

RPA-LFD
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F 18 %L

1.1 IRBEHEENX

AR, BE BP0 PR R, itk LI H & EiE s, Hom R = 9
Ay AR A SE B A IR R G . BRI I E AR G, AT HEMY) . i
VUL s G i) RSB A B0 55, 259 AT RE O IR ARAR 3R B8, Bt 51 & B &R PR 5
BN FEE W AL DA R R ANGEnl@E s Je & AL Wl BRI D
G EEIZIR, IZIRAER R E K R R . BEE B BOIL R Sk H i, &b
X A4 R sl @RI ER, IXAETC I T AR S50 AL BTG L . B 20 4D 80 44K LA
K, BEREZIRER M ETHES, IR TR TAALRNEY T, RESEESE
BB SURIEN T RETIE, (B HAT, S50 KRS ™ g N A i fi e i =
fEGeR 2 —, G eRRAIL DA I HERE A R 1 2 AN B S5 8200 [RI R ™ 520 &
Mol &k @, BomihA AME TG RRBRK, W H AL 2 B B eb . ARG IhRe 2R, #iit
RN DAENALFINT “LFRIER” Wi, makEx W ¥ 7 B riE, B
8T Jeif WP ANE 2 « BT 5% 0 B (Mycobacterium tuberculosis, MTB) . |
M (Mycobacterium avium subspecies.paratuberculosis, MAP) UL J A IRES 45
TEFF TR 2 1) 2 35 R 2 AT (R, A 45 A% 008 R0 I 65 A% 08 ATRS VRS T TR i 22 3 i, (A1t
SETILSOT Ao SR TR A PR YRR, O B G AR BRI DA R A i B O E
WA A LT B A R A R SCRE

1.2 R AT ER N ARA R AR

1.2.1 SRATEHR

I BORT T & 2 2 PR AT 1, Bl 190 MFh, ot MTB 30 1t it
ZJEHTE A B s S R E R, XA A 2 IR e R e (b S FEME, JF
HXRZHEARTTIER I BRI FilE . 51 N8 KB EE LI ) 70 BT B R 9 25
BB EE G, SR E G (MTBC) s —4H a5 b B AR
SR EYIFN, HA, MTB B TR AN ORI =2 —l b, Elae g5 N K
i Eh Y. A B (M. bovis) HITE TIERGEE &), A, FAs B4R
W WEDFAE (M. caprae) IUNILFEF D EHKR. HBRSBATE (M. microti)



FI1E & R AAFRFMLTFMILL
& — PG A S R AR, N SRR OC 8 IS S B R A B ok, R AT AR S T
REAR A NE B E 5 Z 4. tAh, i Calmette M1 Guerin — A 73 H 9 2F B 45 4%
B RAARFR AR (Bacillus Calmette-Guerin, BCG) , & JLEE 5-HH T 45 4% 9% T
R — 2 H B

1.2.2 2RI TR FIR

4451%9% (Bovine tuberculosis, bTB) F-E & MTBC Y i B G 5] L i —Fp N & 3t
% . Gobena Ameni &5 N ORI 5T Ak sz 4 AT At 240 m] DL N SEHS B 3R1G &5 4% 40 B AT
A, X AT RERT N SR EE R IR AT I S A il 7 A2 s i o S5 A2 AT 1 AT BA LR s) 77 =AE A
Y B B (RIE@E S RN ) BRIAIE N EWIfE ke N5 (RldE IS & 224 1)
HOFLH A 78, MTB A8 32 AR GIOFUAS [Rl S 4 Fl () 423 v 4y 15 H oK
[10-13]

RIE FAO (2013) K%, 4ERAHI 60 12N T 2E A FLE . A1 2R 4
G ARBRAE YA PR 85%14. WL FEUT R BERE . AR 1R
flivh, AERE BOW R A= 25 4% 00 38 B B30 25 TUIRYE BB 20 9 B84 30 {23670 fER R
o 10% N KEAZ B B A= S50 0 B B g1k, i BRONSSAg R il R B, 7E
PR IEMR LU P A [F) #h [X ) 25 0% B 3R BB B, AN BL g A R E 3 I A S A0 R RN
6.9%, LGEHFHTA T RGN 12.9%, ELMLTAEI I BIR RN 24.6%17, /)
NSRS 171 kA =S T KSR A Aan il , erh 134 43 ILVBOREAS (14 1L 375 BH 4 22
920.9%(28/134) T AFHIX K bTB B Z, 7 2t NAH RN %, R
T I AL 71 B ) 1 X SR FH R B v o AR RSOAS BRI 7V, DRI R B AN B 32 IR L 1 5l
Y, DlioR PR s et o A2 BUmFRAQE MHLIX, RERH 2 Mok e mkil, A
AT HE e P, b A E RS R AR, @451k, FEOEHE T — RS
G745 bTB Fx il i, Sz e . NS B S SRR AR Bl R RS
— 5 9% LR S it 7R FE 37 IR AR B T E &

1.2.3 852w N AR
1.2.3.1 HEFHE

TR 15 7R 4 E B A A A A A b, (L AS I A A, PR A TR 1 S
WA o« A% NS AR 2> B 5, TR REA B iy, BT IRt
MR, BT, ZWE R, AR, (B2 L B R IRAE TR X AL
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SiEEP, JAh, SRR 2 B BOR WA BER BCER A% BT W R SR S RS 0
BT R,

1.2.3.2 BEZFEN 57X

(1) S5 EERLAZERN (TST)

TST 2 H Z A T bTB BUAT IR0 MR Bz i S R R (g5 =
aif i AT (PPD) D JE 2N S I %)% M. TST #AEfRIE, MARK, 7L
BRANHT MTB RG22 . (HH A5 R BAABORM E0. &%, 2k
N L 5P % N FH 65 4% B A DR PR % 00 38 PR B T B 1 IR A A TR bTB B4,

(2) TIFN-yRE (IGRA)

Wood 58 N251F- 1989 4E X EE AL | 5 Ty-THZB AT 0T MTB B Lkl . 25
Wy B B R R )2 R A 55 CFP-10.ESAT-6. Ag85A . Ag85B. CFP-7 1 PPE18126:
270, TFN-y R T8 56 188 T A W R A bk L ZM M 72 ESAT-6 F11 CFP-10 $t J5 I 34U 43 W TFN-y
KA gZm . 45 RA TR BCG MM AR 2 mAE 4% 0 E (NTMD
SIS ARG, R AEAT I MTB B 5 T L TST BA B m RE R 28, H IFN-y
BRI b B BE LR B G BRI B 20

(3) BEEK G b Se (ELISA)D

ELISA {EA—Fp 5 T o5 - i 5 v R BRI B, fEBRRHI, Mk R R
UL P Gy S I, T B S AR A FRE ARV SRR o 4 2 S AT o ARSI IS T
R I, R R R, AR R RO AN, BRI T AR A
G ME . 3T 5 — PR I HUARAS I AE 25 4% 3 12 ol o USRS, MTBC ARAEK
By B = A AN TR L i B 46 mT BA S IR e 3031, 4% 4 ELISA oo il i) 55 — /N BR il 75 T
ZPURIIRRRE R, R S R TS R R, ) R0 ELISA fRIX — A, Sun &
NBAH PUFRRE R % MTBC & A fil iRl A B AE IR EPUR, HRP bric 097 % B3k
A A SEEERFE B A G (A/G-HRP) 1E N i, AI4E&&MmE R Ig. 2807
A, w4 L RERIESI. RTINS MTBC ik .

ELISA 7511 35 225 FRVEAE T SR B 1 B S e 8R55,  HL 5 2P v iR i semm, 21
32 e 45 SR (A R P Ak DAAS B D) S AR B3], Gilbride B 25 A\ P41 i (A A Bl 4 9 K Sk
G 58 VR4 5 MTB F1 M.bovis, 54548 ELISA ML, B A 41 R HUE . Marassi C
D % NBSUFR T LL M.bovis 5571 MPB70 5 MPBS3 {E Al 3K HTE ) ELISA, %4
AT, g R SR I M RN 2 AR R EER (p<0.01) LAX /4454
Tod VI 25 1 0 I o

(4) RAEE R EZTEAR (GICA)
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JEAR e e IR T BOR A AR S AE T HAR AR S5 REW S &, Wtk 7 &
ARHIRE AR, ARKREE ERRAR 1 b aeRe R T T/, By BA . BEETAR. SR
T T LA S AR 2477 B M IS5 D75 T i R 1 AROR IR, ARl 1 RR R A BRI AR, iR 4R
TR B RN S o A GUR I YR AE T e AU R AT AT T I A A I R B AR
BRI DRI A i T M RS A, A e e B SR AT ROR FE A /N TS
A IR . Al IR DL &) TR AR RO, A RO o T ARG A SR o

22 I H A BABST et FAS I A= 7R N 1K) MTB LR KB AR il Rk Bk . 31X —
FANE AR bTB (2 I FE it 7 ORI L PRIE IR ik, AR =y 1 A o A e
BAE, AT X Bl LR35 61 P 1) A% 3k AT B2 3o Alonso 55 NP7V I g 4h R BOkL 5 5
G H AR IBYEEAT PR bTB A, BRA I BB, A PR 1
R PE A IPRAE L AIRRA B vy e M2 i AR ok (R AR D 5

1.2.3.3 3 FISrAR

(1) REMEEA RN (PCR)

PCR Hi AR T HEMF OB R EEN AR KA —, RS RBEE. Hagtsitfr
BRI 0 HT IR 5, (E R LZ 77454 PCR BRI FEUIZMG I, HIxF %5t 2% 77, H
T A AR B, B R PRAEBS,

EE WA, 1S6110 32KD F1 MPT64 F R 4 AR EAR, Tl 45 4% 20 B AT B
Hance A 55 NPV R GHFEE RN (PCR) BRGNS BT AT I AR, %4 AR B )G 1
MTB B R IZ W FRAT 0 W RS T i N o X ESE NEOIRL pred EEFR &S]
Y1, X510 3 M.bovis BEATALI, BHVEZRIER] 90%. Hi&EG Rl iEAHEL, PCR il
HABAERE . POl R s, T EATTE 5 5215 Yo iR 2, T B8 T B0 BH P 45
R

(2) SEWFRYEE & PCR HiAR (qPCR)

SR 26 E B PCR HRBEBAEAR N TEZ MBS JE Bl N, AR & = TR R i B
FEHERIIE o« TAER, ZEAREAEIX — R, &P oA %25 DNA B RNA J 5 (17
OFEARM, 7F BARR I, S22 B PCR B AL S % GIR4EHEAT SYBR Greenl 14
X PRI 77 2042, TagMan PREF R 86 BE A RE:, 78 ROBLIEFE W REAE ™ 38 7= 1 E
FEH R R E T . FVRICEWIRIH 26 E & PCR IZWi il 4% e 51 S iR i
FRYL 1 AH L, qPCR BRI (93.90%) AR FPE (87.50%) 4w THule 4 ta 1) R &
PE (81.71%) FFESFME (81.25%) , FHH qPCR BRI 2 2 5 Sl i) R U Ak 57 1
M UEGIRIZ AR IZ PR . FIRE, FEREEMIHRH qPCR B 44544 0 BT
B B PEAE AR, HARARAG KA 80.24 ng/L, X AWAS5K 2. 1546 L
S AL e A SRt T R ROR SRR
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(3) HAMEAEY KA (RPA)
HHT, RPA FARCIEZ AT BN, 5] A8 2= 2512 Wiy T F T PRtk s Ji 4k
CangER ) U460, R e A 07 Rl G U Ak (b TR . KIiF s 48
R4 PCR RIS WRIEL EEREMITH A (KT FORMEEE R sy ) , SCBLH [ Pis
FrIESIEL B3 B0 7814 RPA HERIEAESCATRIE . REBH 25 SRR AR, FoAk 35
TR ED b oz, JF HAAMER (37-42°C) Fib4T, HAFSMER. BEdsE
BTG T AT LA R B S AN S R R I A R T R S T N SRR G By
L SIBE R BT E 2 AU, JCHAED R R A R .

RPA =4 a] 3g i 352 i B8 P R kB AT AR SO), -t AT R TwistAmp™ exo FREFPUEL
RPA 45&M ) E TR 480 2% (RPA-LFD) . 41 Boyle 28 A\ 5241 % MTBC ) M =
PERE 1 IS6110 F1 IS1081, 4T exo-RPA il 7] 20 min P 58 i, HAS I PR AT A 21 6.25%1072
fo/uL (IS6110) F12x107 fg/ul (IS1081) - RPA FILHAL T 10139 6 B A4S 7 (1 A
P Xu 2 NBIF|H exo-RPA H R4 E MTB ] Ag85B, 17t 39°C I 20 min 4 56 Al AF i
R, A IIBR ATIA 2] 4 copies/ul, S

RPA 56 M ENTIRAE (RPA-LFD) &Ll 77v2:, 8IS IN% IR N VIS nfo Al nfo
TREF R m A I (1R e 1, 2Rl RPA FOR 5ONRZMTIRAAHSS &, TR T — M a
R H TS RS IR Y BEATIN 7iE . Ma S5 NBYEENL T RPA-LFD % &5 1% 70 B B AT R
SR RSB AR M 2 N 100%A1 97.92% . BT ] B, HERAATHGE A MTBC H ()
DNA, AJHT TB [WIgiHE. ST 005, RPA 5MRJZA4L (LFD) tH44E, =
FE B YR A PR PR 5% Fp gk 47 BV Bp A0 ) B AR e 21491,

(4) W/ FHERY A (LAMP)

LAMP Je B A] R85 i 261 (60-65°C) NiiAT, F7A4EKE DNAPS, fEig %4 ~EPA]

SER, LTI R AT DA F B RE R S i e ik &5 SR B AT WA A T 3 AT 45 R . WHO
(WHO 2021) S LLZ WA & B H T MTB 1) LAMP (TB-LAMP) fiill. R
TR AN B —AN/INEF R ] SRR, FE HL AT DAAE 54 T Mg 45 00, Wu 28 A\B7dE i LAMP
A1 RT-LAMP #5111 HNB $875 70 (0 77960 MTB BEAT FTRRAGAS I, I B S5 hw v 35 9% 05 v
(SCM) %Ik, SCM. M/ FAEEY 1 (LAMP) FIHEZMA FAEEY 1 (RT-LAMP)
J7 R MTB BRI HEAS HE ZR20 51 88%. 92%A1 100%. Hirfr, RT-LAMP 5 SCM 46 H!
REMLEZES. H RT-LAMP Al LAMP A 7] tb 4 RT-LAMP &3l MTB 1) R 8% Lt
LAMP & 10 f%. 5 LAMP A[H], RT-LAMP A] DLIRBIVEANEE, FEREDE R 2] s AN $2 01,
(5) AWtk

F X7 MTB il i) A= A% I 2518 1 408 O — P SRR i i &, AR BTk
ARG, AR TR TRBRIMPUARK ALK . BIEE S S5,
A 43 9 T 0 MTB Al i B AL 22 A 2 AR AR I 38 o Prabowo 58 NP8 T R A HL




