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Establishment and application of multienzyme isothermal
rapid amplification (MIRA) nucleic acid test strip method for
rapid detection of Mycoplasma pneumoniae

HU Xipan', WENG Xingyong', LU Zhixian', JIANG Tingqing', HE Jun?,
DENG Zhongliang '

1 Department of Health Inspection and Quarantine, School of Public Health, Hengyang Medical School,
University of South China, Hengyang 421001, Hunan, China

2 Department of Clinical Laboratory, the Affiliated Nanhua Hospital, Hengyang Medical School, University of
South China, Hengyang 421001, Hunan, China

Abstract: [Background] Mycoplasma pneumoniae is an important pathogen causing respiratory
tract infections in children and adolescents. It is easy to miss the optimal treatment period due to its
nonspecific clinical manifestations for a long time. [Objective] To develop a method for rapidly
detecting M. pneumoniae based on the multienzyme isothermal rapid amplification (MIRA) and
nucleic acid test strip. [Methods] Primers and probes were designed using the community acquired
respiratory distress syndrome (CARDS) toxin gene of M. pneumoniae as the target gene to optimize
the temperature and time of the reaction system and evaluate the sensitivity. The specificity was
analyzed by testing M. pneumoniae as well as the remaining 7 pathogens, and 35 clinical samples
were validated. [Results] The MIRA nucleic acid test strip method completed the detection of
M. pneumoniae within 15 minutes at 37 °C, and the limit of detection was 10 copies/uL. Except for
M. pneumoniae, the other 7 pathogens could not be amplified, showing good specificity. Using
real-time fluorescent PCR detection as the standard, the diagnostic specificity, sensitivity, negative
predictive value, and positive predictive value of MIRA nucleic acid test strip method for 35 clinical
samples were 100.00%, 96.15%, 90.00%, and 100.00%, respectively. [Conclusion] In this study, the
MIRA nucleic acid test strip method has been established for the detection of M. pneumoniae, which
is fast, portable, sensitive, and specific, and is suitable for promotion at the grassroots level.
Keywords: multienzyme isothermal rapid amplification (MIRA); nucleic acid test strip;
Mycoplasma pneumoniae

fili 4k 3 SR (Mycoplasma pneumoniae) &= NS
X FRAGPE il % (community acquired pneumonia,
CAP)I WA S5k 2 — M, Znf il IR AL 45
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W7 Tl PRAERRIZ W . A RO T 1R
IR EE

FUHT, il S A 12 W 7 i A0 45 o0 18 1
IRk Mg AR oy T2 W e e R R
T T A AU <G hn i, H il TAERH |

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WV Iy S5 2 MR MELIR 3 1 A MR K AR AV DR AL A 28 S I T3 3% Ry S S S N 3051

BRI 2] . REUERSES S, RS T HAE
e A S B8 rp A9 732 1 O I 2 A 0 3 3o A
T 1375 o S 28 S D A AR S P AT B ) A Ak
1T W, ALHE B e 3% W i 38 (enzyme linked
immunosorbent assay, ELISA), & &E5E LK%,
SR 98 S I AL W R A T s R A ) B 1k
(ER ORI ERE 70 G o N SR L 7 AN o
HIREm , 255 BRI , AN 38 FH T i 48 52 iR
RIFHIZ I, DASERT 56 PCR AIRE R F
ORI R - RS aF oA 2 i
FEARRZ 1 i = R (E DG i F N N 78 /S I
YEN AR KA T4 B SR, AN TE HAE AR
ISP HURHE T . Ak, F 2SR S
AT T S AR PR A, A BR A 2 55
191 (loop-mediated isothermal amplification,
LAMP)YE RPN ZH 22 Y E Hed 1 (multiple cross
displacement amplification, MCDA)!'"! | 7RFRY"
M4 (rolling circle amplification, RCA)!VFIH 2 fil§
R AW 1 (recombinase polymerase amplification,
RPA)!IGE, 07 PRI . Bt (4 1 A R %
I R T BT AR A B o

EAUSSEN R ST/ i(multienzyme isothermal
rapid amplification, MIRA)$Z AR JE L) F 5 41 il 5
BRI, SR R A A R P S IR
Ko ZHEAMH 4 MZOEAELN . DNA
fife € B . BLEE 455 B 1 F1 DNA R G ) 7E
25-42 °CEEEAAMF R X R T 1, %
Jrik 5-20 min WRIATSERE, AR H, HIGM
Bl AR BRI R &, (L — B KR
AR AT E . EAh, FF MIRA HRH
JEEAA G ML JA T R AR AR S G, AT 3d 2k P IR WL o
HEXHROMZE TS BT . G 0 B4
J5 ia 3 It 98 S S R A I A 0 o AR SR T
MIRA 3 AR G 37 e o i 48 XA D i 48 S i 14 1)
IR AT Jr i, FIF MIRA HEARX HEIX 3k

54 il 98 R I 8 36 2% A {iE (community  acquired
respiratory distress syndrome, CARDS)#f: 2 & %
FEHEAT 3G, AERAR R A E R IREE,
AR IAT /AR . DURTECRIE 5
REJE SR R R, AR HbFEARIREE | &
FHERAEANGESR, I B, T
I IR B = W 5L 2 BT LA Pl A .

1 AR5

L1 #H
L1.1 Bk

i 5 S DA HE R BR(ATCC 29342) 1 g 1E
R 2 A B B 2 B s Dt AR W 0 9 P At 5 i 4%
ER R (Streptococcus pneumoniae, SP)H B8 K
B J B — B B G g RHAR AL s S5 AZ O BRI
(Mycobacterium tuberculosis, MTB)H F§ ¢ K 2%
B I m AR = B A g R 2 11 5 i Al BRI T
(Pseudomonas aeruginosa, PAE) IR E AT TR
(Haemophilus influenzae, HIB) . S AN
(Acinetobacter baumannii, AB). %% FaSEN
(Mycoplasma penetrans, MPE) Fll \ %I 37 J& {&
(Mycoplasma hominis, MH) A 5256 %8 PRAT T FE: o
112 EZEILFFLF

DNA 8 i PR3 483050 &, #EDs 22 5 Rk
PR R AT — MR AR A, b
SR FNCAEYRARABR A A s DNA $2 B0
£, INDICAL BIOSCIENCE /A wl; fifi4e 3 J5ifA
WERRAINAT &, A DR R A R A
TR, ROTHERB SRR E AR A
1.2 314, RERITEEM

VEFET % 3 5K CARDS # R IE R (&5
N DQ447750. DI BN, AR e 4 R
KAEDIRHA R A AR TE S I75E, @ Primer
Premier 5 W15 W 5485 . 519 R 30-35 bp,
HR RS 0 st bnic— MR R AR i
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B EE A 150-300 bp; ZREFKE A 46-52 4
VAR, %0F L. TSI ZnE; sumfR
o R (FAM)FEA T84 s 76 556 A1 37 St 4 Hp
WAL B AR IC— dSpacer (PUE W, THF); 3
Aumbpic—A~ C3Spacer B A . FrA 5149
FREHES AT 8 ] BLAST #EA7%k , DL gkA T
ST, B AEREN RSN 1 BiR, 33
2R AR TR (R ) e A IR w6 1o
1.3 EF4H DNA 2B

Pl DNA B B0 5] 6 fift 100 B 4 B4 74
DL I PREEAS (L 4] DNA, F & F-80 °C
A7
1.4 MIRA #ZE& i 4R 5574 s 44 i 26 32
JRIRFA R

MIRA "3 2 i /& & (50 pL): A buffer
29.4 uL, b, TUWESI4(10 nmol/L)45 2.0 uL,
PREF(10 nmol/L) 0.5 pL, #iHii DNA 2.0 uL, JC
fiti7K 11.6 pls 4 WUIR 47 09 SO I8 A 453 5 iy
g, 1 ETPIA 2.5 uL B buffer, BERES
O, TR IR A G AR O, A E TR
H 37 °CHEE 10 mine VARG, B1 ul §°
B HIINAS A 99 uL LR KB 0T, 1’
HYEG, BRI AR S O RE Sl A A B0 A
HE TP, S min NS RIS SR LR, H
(SREE SN
1.5 MIRA K&k

EF X4 32 AR CARDS #ERIEHN, 405
BT % S I (F1, F2)RI FiiE5 ¥ (R1 ., R2)

*x 1 MIRA #ZBERiX K & X5 I YIRS F T

AT T, FeAR4 4 X514, KA
FIMAAIR S, AR A& Hir
DNA Ry TCEEAK, BRBAEXT R, DIHEBR S A &
IR MB M, & RETIXT . EAR R E
(25. 30, 37 Fll 42 °C)FI S WiBF[E](5. 10, 15 Al
20 min) F X MIRA {K RS TIPAL, 2E R AEI
I A o AR YR S il 48 S A A o TR AR AR
e BE A 10" copies/pL, I LAICHEEKAE A B 1
XTHE
1.6 RIS

WKa& B TliEs WENRERS CARDS #
ZHLRFY vElE R pUCST 204 b, Myt g 2H Bk,
BRI T 10 R EER B 2 10*-10 copies/uL,
3 M 2 uL AE R AR, [RIEE LA TG B KA
FIPEXT R, EAT MIRA §738, P A iR il 4%
SN JE A TR 43T -
1.7 $HFRMEW

W ST I MIRA BRI AR 2515 430 %o i
48 3 I A I Ath P A 5 il 48 S A4 S R 471 A
RIS S AR (N B S A R 2 3 2 A, DA K S
Hh 5 FEED I A S I A ARG ACRE IR fr) i
TE 0 D AR (B 2R A B M TR . I S BRI L IR g
AT BR 45 A% 43 R AT B R 660 22 AN Sl A B 2R A 7 K
D, R By A TG il 7K Ay 52 I ASE AR AR Ay 9 P X e
T LR
1.8 I ARHEALEIE

WAk B T R AR A B s FE AR R B A 3 B
it 98 S S AR R R RN T AR 3 35 441,

Table 1  Primer and probe sequences of MIRA nucleic acid test strip method

Name Sequence (5'—3") Length (bp)
F1 ATTATCAAGAGCTGCAAACCCAAGCCAATG 30

F2 ACACCAGGAATAGCTACTCCTGTACATTTA 30

R1 [5"-biotin]-CTGGTGTATCTTCCAGTTCCTTTACACTGC 30

R2 [5'-biotin]-CTAGCGTACTGTGGTAAGGATTGTAGGTTA 30

Probe [5'-FAM]-ATCGTTTGCGTGCCCTGATTGAAGTCCACCTT- 51

CTA[THF]TAATGGTGAAAATCCG-[3'-C3spacer]
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[l A MIRA % R ok 4K 2% 7 PG 98 S B A 4%
i A 3K 79 5 (PCR-ZEBHREF o)A, I 1 T
it 7K A R R0 % R . DL SE R 56 % 5 i PCR Y
SERAE AR, PEM AT MIRA BRI 40 5%
DR SR L RROEE L B O A BH A
DIAE .

2 EREGHN

2.1 EIIBY MIRA Bk 4K &%

DAt 58 32 Ji AR HE R PR M 129 JE (K2 DNA
AR IETT MIRA 3, R IR ARG 4
Wy, 255 B XTI R A R L B,
I P 4 S JE AR PR ME T AR DNA 9 S A5 AR 1Y)
ARSI L AR I 2 35 W 5, R Wiy i L
AHAATHEE 1),

22 REEHMHEER

A3 4 A5 LLTEEE K P AR 1 T
farill, 25 B8 AT FI/R2 B 4Rac
TR BBk, AT HERR S 1A S5 R R R
HARB Y s g Rk X B, i ILH
FE FUR2 MR 1Y%t (B 2A) 4238 Wz 7 1Y
WFH IR (2542 °C)FIY HERFA] (520 min)iEFT

A Primers B

Temperature (°C) C

2
CL— = =
TL— -
g =
L1}

El1 MIRA ZERARFIZRESL 1. MI29;
2: BAPEXIHR; CL: Biisgk; TL: Kl
Figure 1 Establishment of MIRA nucleic acid test

strip method. 1: M129; 2: Negative control; CL:
Control line; TL: Test line.

THiAk, MIRA A LILE 30-42 °CF ¥E47, i HAE
25 °CH TR T AR tho AR 0, e
37 °CHE A Ja 2L 52 50 00 5 L FE (181 2B) . ZERT R
LB, MIRA §738 5 min A& 0 268 AT 3 #10
B B, SR IR S S0 B AR, R
10 min E Ry e EY BT[] (B 2C).,

Time (min)

FIR1 FIR2 F2R2 F2R1 25 30

37 42 NTC 5 10 15 20 NTC

]
31

B2 MIRA ZEIRRFZ ARG EMEMNL  NTC: FHEXIE; CL: Fi¥s4; TL: ik
Figure 2 Condition optimization of MIRA nucleic acid test strip method. NTC: Negative control; CL:

Control line; TL: Test line.
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23 HEMEDER

EEXHAli % 32 J5ifA CARDS &L T
FALTRL, o HBAERFEE 10*-10° copies/uL,
FEUAHOMBAGE T MIRA 374, FHRACAK S
B IR A 10° copies/uL AR &
BHPEST B BT #E4E, LA 10'-10* copies/uL
JOAE R A AR (R4 3 7 40y [) B S 308 JB 4 4 A A
2o B, MIRA BRI 0 S5 A R
A 10 copies/pL (# 3).
24 HRMSTER

S AR 6 32 J5 A (MP) | Hofth 52 S A (MPE
Al MH) e o35 5 BT E % A (PAE . SP.
HIB. MTB fil AB)J:[F4] DNA AL T MIRA
P3G, FRZRRIRACSAGTIN G 374 . 25 4n1&] 4 B
N, B9 SR A BB AR G FA N 2, i)
PEXT RS A S AR A IR I R 8 48, T 3%
TR ST, S AR AR B RS S

1 2 3 4 5 6

=
| ¢—— MA

3 MIRA ZERKFFAHRMELIHF 1.
10* copies/uL; 2: 10° copies/uL; 3: 10* copies/uL;
4: 10" copies/uL; 5: 10° copies/uL; 6: FI¥EXS
M CL: Jfs4k; TL: Rl

Figure 3 Sensitivity analysis via MIRA nucleic acid
test strip method. 1: 10* copies/uL; 2: 10° copies/uL; 3:
10% copies/uL; 4: 10" copies/uL; 5: 10° copies/uL; 6:
Negative control; CL: Control line; TL: Test line.

B4 MIRA ZEEIRRKZZH RS 1:MP;
2. MPE; 3: MH; 4. PAE; 5. SP; 6: HIB; 7:
MTB; 8: AB; 9: FAMEXIHE, CL. miszk; TL:
ivalllESS

Figure 4 Specificity analysis via MIRA nucleic
acid test strip method. 1: MP; 2: MPE; 3: MH; 4:
PAE; 5: SP; 6: HIB; 7: MTB; 8: AB; 9: Negative
control; CL: Control line; TL: Test line.

25 IERMHARRBIESR

FIHE E AT MIRA #ZERIRALA ST 35 177
I RAEAS JEA TG, LASEING 92 E f PCR X1l
PRFEAS R 45 S R br o, S5 aniE 5. 3R 2
iR, 26 FIFHYEREA (1-26)i8 13 MIRA R iR
YRIRIEA I 25 BIRATE , 9 BB FEAR (27-35)
WA RGN A BRI . 25831, MIRA R IRAL 4
P2 W S E N 100.00% (9/9) . REE N
96.15% (25/26). B HTM{E A 90.00% (9/10) .
BH A FAE A 100.00% (25/25) . Kappa fEH N
0.93, Hil] MIRA %R IXACSR LA SIS 98t
it PCR A TR A — 3.

3 WREER

i 58 S AR T BULZE AN D 4R I J
Py E B IEAR, RKIILOK, BTG R R
AN ST 25 5 i B AR A YT I T, IR i
VAR Ll N V2SN i) [ g R N
Wik
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Clinical samples: P BRITATS ‘6 71819 ‘10 11 ‘12 13 14 15\16‘17 18l 1912021|22 23 24252dN 2% 28|2930 31 32'33 34({35IN

Real-time fluorescent
PCR results:

5 MIRA #%BR iR 4% &5 5% I PR A A 58 iE

B e e e e o S S S S S SR S

N: FAMEXTHE; CL:

L ; TL: Kz

Figure 5 Clinical sample validation via MIRA nucleic acid test strip method. N: Negative control; CL:

Control line; TL: Test line.

F 2 MIRA ZER IR L 5 LA PCR AR ELER

Table 2 Comparison between MIRA nucleic acid test strip method and real-time fluorescent PCR method

Real-time fluorescent PCR method Total
Positive Negative
MIRA nucleic acid test strip method Positive 25 0 25
Negative 1 9 10
Total 26 9 35
i 98 SRS T T B0 H R IE A P 3RB, BANYTHEAE 37 °CAF X 10 min, Bl

E 9L . CARDS %K | 16S rRNA
SLH A ATP FSER S5, o CARDS 8K &
12 50 R RIS, I 5 iE
RAE LA RO BeAh, A g WA il R S
JEAR BRI, CARDS 2 BEH H P12 14w
JE DRI B o i RAB N Petrone 211
CARDS 5 % 3 (R oAy #1835 PR %o fii 4 =2 JR AR 0k A 7
R, HR o 2 SRt S B e R U SRR
R, TEAMSE T, £1%F CARDS #ZJEH
37 MIRA B AR 4546 I 7 3 L AR Ab S g %44,
I3 2 A e RAEASPEAS T HAG A RE . 45

JE B B 7 W0 AE AR 4RSS, 5 min YRR WSS
Z5L, AE Sun SR T SEAG I 2, S 2 1
oY S A OB SR I A TR B 20 min 40 2
5 RPA (20 min), LAMP (30 min)% 81
A It 98 S ARG PO A b, AR i —
%%@T*’l\?ﬁ“ HﬂLI‘Eﬂ It Hm s+, A=k

AR fﬂiﬁﬁ@%zf@l:;&ﬁﬁo
thﬁl‘, LﬂXﬂLﬁr—*ﬁﬁE’Jﬁﬁ# TR, B
HRBIEAIEF] 10 copies/ul, AT HAh—
SR I i AR S AR ) SRR I R OR S R A
I SHE R W R P 1 4% K (recombinase aided

15 min;
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amplification, RAA)K M R (10 copies/pL) >
A2, BT T LAMPP UG {2 o 4 45 4 4
+% 7R (enzymatic recombinase amplification, ERA)
H AR (10° copies/uL)>!, F BT fili & 37 JF Ay 7
W2 W5 Xk il ¢ S A0 JHC A 9 b S DAk K 5
bb 5 Tl R TE R JEUA BEA T MIRA A2 BRI 2 A6
W, BRI 98 S S AAR A, LA I A4 34 5 [ 4 o)
MR-, RARELEE, BR Tk
1 v e S 5 R FZOT X 35 Il IRFEAS 164 7
R, RSN 96.15% . FEFE N 100.00%,
LRG3 E 5 SR ¢ 6 PCR AR 244 HAT I
FE R HET FN FH AT 5

AR < 0 22 AT AR AR e — T N A i B i
M R, HAREH ARy 1
Y SHREFRIEHT S-RRELUIE R (FAM)ZL AL, IF
SRR S pmc PUIASS G, k] N AT EDW AR
LS IR AR IZ R S MIRA M54,
1) 7 B P A8 XoF i 48 S D A S BB | A
() RIS o ABA I AT SR A TE — 5 I Ry PR
HAOCHE e B 5, mH\ TREER R, %
Bl R Gy e A S I, AR L A S AR AR
PyG o KT, AR AR It f o e R XL R
Pk E = A, DA A B . 28 TR,
PIAT 9 325 CARDS B 28 L PR 1E S Ao i S A
AT MIRA R ARSI J7 3, 87 BT 47
P bRy . RS . 15 min PYEPATSE BRI
M H AT 25 2 A AR & F R LR N
Sy FAESEIZME B, X 1 il 48 S D AL 1
AL B 2 M E .
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