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ABSTRACT

KEY WORDS

Objective: To observe the stability and sensitivity of transcription mediated amplification (TMA) system,
and to compare it with real-time reverse transcription polymerase chain reaction (RT-PCR) in amplifying
serum HCV RNA in HCV infected patients.

Methods: TMA system was established by moloney murine leukemia virus (MMLV) reverse
transcriptase, T7 RNA polymerase and 2 specific primers firstly, and then its stability and repeatability
were compared at different storage temperatures by the correlation change of HCV RNA amplification
curve. The sensitivity difference between TMA and RT-PCR was evaluated by amplifying a group of
10-fold diluted HCV RNA samples which were transcribed in vitro. A total of 101 serums of chronic
HCYV infected patients were measured by TMA system and RT-PCR to observe the positive rate and
their correlation. Linear correlation and linear regression were used to observe the correlation of the two
methods.

Results: TMA system was successfully established. TMA system was not stable when stored at 20 °C
(placed for 24 hours only), but it was stable for 6 days when stored at 4°C or within 6 months when
stored at —20 °C. Compared with RT-PCR whose reagent was made by Hunan Sansure Biotechology
Corporation, TMA system showed 20 positive samples and 11 negative samples in a total of 31 samples.
So was the RT-PCR kit of the Sansure Biotechology Corporation, and the concordance rate of the two
methods was 100%. Advanced quantitative study of the 20 positive samples found that the two methods
had good correlation and consistency (r=0.91, P<0.01). Compared with the results of RT-PCR whose
reagent was made by Shanghai Kehua Bio-engineering Corporation, TMA system had 34 positive samples
and 36 negative samples, while the RT-PCR technology had 32 positive samples and 38 negative samples
out of 70 samples. The concordance rate of the two methods was 97.1%, with no statistical difference in
the positive rate of the two methods (P>0.05). Advanced quantitative study of 29 positive samples found
that the two methods had good correlation and consistency (r=0.96, P<0.01).

Conclusion: The stability and repeatability of TMA system are good within 6 months when stored
at —20 °C storage temperature. Both TMA and RT-PCR HCV RNA can detect serum HCV RNA well, and

the two methods have good correlation and consistency.

transcription mediated amplification; hepatitis C; real-time reverse transcription polymerase chain reaction;

hepatitis C virus ribonucleic acid

PN B 4% 93 BF (hepatitis C virus, HCV)J& T #
SRR, HIEEH A I IESERNA, HCV/ERQL 2
SR, SRR B MR R E S IX
B AR A HCVIERYY . Bopiif ot R et 5L 2
H2.35 BENL.6MZ I ABEERGEHC VY . 3R [ 0 221 1fn.
HRAT AR AR . BB HCVAY PR R
HF3.2%, VISLHER, FREHCVIERYHH 2)i54500
P, HCVIRYLIG , H75%~85% 1) % Kk e gk
SR TP M B Y R 609% ~7 0945 & JE

PERTAG, Horp O dm Ak ST . R 4 ik B 2
B 1AL NBERYLHCV, SR K43 1 B e & 5t
EIHE A CAHCVEG Y, M5 A
HERA B KA A2 W Gy, o EEEHR T
X AL Y PR A A B K i A A B, nT RE SRk
HCVAE NBE 4k S A5 3% fi e gt S i & B G R
FHC VIR YL # I HATHCV RNAR K I 515 0 K
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HAT, &M HECV RNAMK I 7k 3%
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157 S5 A Y HEFR (transcription mediated
amplification, TMA)*HE;EM‘%%%%&%
%%%@@%ﬁfiﬁj(real-time reverse transcription
polymerase chain reaction, RT—PCR)[S], LR
AR B A 5 S R o, RO & 81 ROR S
AT fEE Ah— S fF 5T 45 R R W RT-PCRAITMA
I B AR B A AR RO 2 R OF A — 2,
Grant%‘%[g'mﬁﬁ%@ﬂ?Gen—Probe/A\ﬂTMA&**H
Roche/s Al FYPCRAZIMFL A, fEHCV RNAKG I 4 R
BRORE e S B N RS W T A R AT
i Krajden %" 5 1F 55 TN TMA S AR XK 24
AR 25 28 199 MV B A i B A L R B T S I E
WPCRELA . b, 7E LRI P PCRAITMAE
AR B % R 4 IO AR AR R A B T R, RO
AN BEHE R M 5 A% R $ IO 1 22 5%, DT R AN B
LT A I AT T A R % i 1 R AR . R R
WTMAKIHCV RNARYRIE , B R ITMASRT-
PCREGIIHCV RNARYXS LAY, AT X RT-PCR
TMAKE I 7 ik 0 R fobE o th 284 o — 2D 52 AR
ALE, AR E B TMAKRR, R W
WA FIHCV MRS SR 61 16 2R AR X 12 A R g
friasEt . ER AR EES T, JFiE— 2 A
T TRV A% R 2 JBUAE 5] 2 B e T BB % S 8 1M v
HCV RNASIHR , K5 78 [A) — B Ak iy il 1, A
FPIRIA R RT-PCRILH 7353 FITMAMK R #EATHCV
BHAMEAS H3  AHOCIE F B, 78 HFBR A IR 2 U %
HYEEA b, RN PR 5 22 B A SR — 2

1 MR 5%

1.1 MEHEA

1014318 1 A U 4% S8 35 9 i 5 2 B A F2008
AF 220 104F o R K4V 25 B I B S eI BT T2
WO RN BT R EE, Wi 5200443k
[ 5 AT R B iR 1E g . 2 I B R S R A 1M
FRAR2 mL, -80 ‘CUKFAPRAF £ H .

1.2 HCV RNARJIREX

K R 25 M8 ARG ER TR HCV RN AR B
FLIHCV RNA, f£1.5S mL KB B0 A 600
uL $EBGAF-1/1200 L MIEFEAS, RBHIRAI10 s/A
Bt L, A 100 pL $2BGAF-2, EFHIRAI10
s E T E30 min, BINEOEESEOE®E T
Yiresds b, 3 min)5 KWL, 5 A 600
uL RNAFEBUA W -3/1200 uL RNASRIUA -4, 2
GiikAS s, BERTEOEHELEHRE TS
LR L 3 minfa, KWK TZEWEEF, #

B 1 minfi B E R R AR E W £ 5. H50 uL
VERR VIR S B 42 H FHCV RNAY 14,

1.3 TMA¥ IEHCV RNA

BRNAVRA 2 pL, 03 B A IR %
BE . T7 RNAR GG LRS54k 5190 AR [ E 5 5]
v S'-aattctaatacgactcactataggggtctgcggaaccggtgagt
ac-3';  NUFEIWY . S'-cactcgc aagcaccctatcag-3'; Ay
B (CFUi#): S'-cgegacce aacactactegget-3'1HY TMA{K
AL 36 uL, K10 pLAv B, TR A A B
B, EERY HEAUMX 3000P (3 [H Stratagene 2y
f]), 60 C 10 min, 42°C S min)5, JF&fE42 ClH
IR ERE AL yLEHR G, 42 C 435, 801
i3k PHALA SREY HPOAF T .

1.4 RT-PCR¥ IEIM;EHCV RNA
1.4.1 EHAHENE] 9RT-PCRIXF &

B2 uL RNARIH+10.5 pL TE(Tris-EDTA)+12.5
WLIE S PCREMVIK (PCRE MWW : 7 uL, BHES
Y. s uL, WEF: 0.5 uL), 2 MRAH & UL HEAT
HCV RNAY H#E . izl &4 FR 500 U/mL.
1.4.2 # v 3 d N 8] Wy B 2R i B AU RT-PCRIX A &

B2 uL RNABE R +23 LIRS PCRIC N K, F&H8
WA AU P THCY RNAY 1 . ZiRF &R0 R
FRM25 U/mL.

1.5 GitE4biE

K HSPSS 18.0 81T i1t 244711, TMAS
RT-PCR HCVH A BHME 3 Fb 0 R FH A IE Be X 95 81
RIS 5 RH OGS BT R FH B OGS L T 43
Br, P<0.0SHZESAGZIFFRE X,

2 4 R

2.1 TMAEE®RMHCV RNARTEEH. EEHR

W 25 A W R A E) Dy A BF oY 4 AR —
2H 1 0% B FE TR BRI AR M SEHCV RNAFEAS
HCV RNAZ & 7 5l & (SE+07), (SE+06),
(5E+05), (SE+04), (5E+03), (SE+02) U/mL
(mE+0n=mx10", HWISE+07=5x10"), F:e6R ik iF
BEEE . O b SR B FEE[HCV RNAZE & 53 ] 2
(SE+07), (SE+06), (SE+05), (5E+04), (5E+02)
U/mL] 5887 B TMA K 22 7E [ £ A28 5 T F o P
MEEER A Fi(20 C) F#4F24 h, A
A0 H, YOERMA—, 458141
WA 4°C FfiEfr1~6 d, RREEMES
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PEGF, eUR kI g4 iR 3 A — 3, bRl &Ltk $40.993~0.998 ([l 1) o 14 4 6 Ff ik 16 i (1)
A ZE0M0.990~0.998, 4 C FAEfE7 dBILE A4 AN SFEHCV RNABEA B 58 TM A A N B 2%
Frde Ay, R A e PEAR E 0,977, R E RT-PCRIY RALTE KB . TMAF R FIRT-PCREE R
FEARY B TS 6NHN, —20CTF HBREA I 2] 500 U/mLLA FAIFRAS, Wi (0 R U
M TMAR e BB R EAr, A1 ARk, FARF AT e, (HTMATE AR P88 55030 % 55
KMok, Piamh L IR —2, R dh LA R (E2).
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Figure 1 Amplification plot of HCV RNA with TMA system at different storage temperatures

A: Amplification plot of HCV RNA with freshly prepared TMA system; B: Amplification plot of HCV RNA with TMA system when stored
at 20 °C for 24 hours; C: Amplification plot of HCV RNA with TMA system when stored at 4 °C for 7 days (the amplification plots of HCV
RNA when stored for 1 to 6 days aren't shown); D: Amplification of HCV RNA with TMA system when stored at —20 °C for 6 months (the
amplification plots of HCV RNA when stored for 1 to S months aren't shown)
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Figure 2 Comparison of sensitivity between the TMA and the RT-PCR in the detection of HCV RNA
The concentrations of HCV RNA samples are (SE+07), (SE+06), (SE+0S), (SE+04), (SE+03), and (SE+02) U/mL. A: Amplification plot of

RT-PCR; B: Amplification plot of TMA

2.2 TMASRT-PCR#& M MFHCV RNAKIHE X
ST
2.2.1 TMAXL ¥ & X ART-PCRIX F| 69 48 & M 5 #7
314018 1 N R 48 AR A I 1R B TMA R
FH) R 25 WA RN B AE PR I RT-PCRIK I E A7
K, HRT-PCR M TMA 6] B 47 1% BH M 19 bR A< 20
By, PR N 64.5%, FIRFBITER 110y, BAK
WA /A —F P4, I —ZE H100%. 200
K FHPEHCV RNAE & 45 5 664k I Lgfi (1),

RT-PCREG I A Lgfti }76.87+0.87, TMAKI A Lgft
$97.06£0.69, Z:SPSS18.0K: K, Wil LgfE il it i
BOrA By 2257 M, 4 EL 2R 43 Bt 2 0 G o G
W A B G A (r=0.91, P<0.001). MHZefliitig
Y=2.076+0.725X, HE FZEr’=0.829, P<0.001 ([
3A). HE—LSr T TMARIPCRIE it Lgf 22 {5 &
Lgfl 25 A -0.44~0.77, Lg22{iFHME N
0.19(/K3C), VEHHTMAFIPCRE A A R b1 — 2 ik
GIEINERE

® 1 HMEEM/AT RT-PCR 5 TMA EEK i HCVRNA PHIEL R *
Table 1 Positive results of HCV RNA quantitative determination with RT-PCR reagent made by Hunan Sansure Biotechology

Corporation and TMA system

FEAR = PCR 5t /( U/mL) TMA *E it / (U/mL) Lg ft (PCR) Lg { (TMA) Lg 214
1 3.07E+07T 3.20E+07 7.49 7.51 0.02
2 2.22E+06 1.51E+06 6.35 6.18 -0.17
3 8.70E+07 5.80E+07 7.94 7.76 -0.18
4 6.77E+07 1.44E+08 7.83 8.16 0.33
s 1.27E+07 44SE+07 7.10 7.65 0.54
6 2.94E+06 8.40E+06 647 6.92 0.46
7 3.04E+07 4.79E+07 7.48 7.68 0.2
8 1.68E+07 1.20E+07 722 7.08 -0.14
9 8.25E+05 3.28E+06 5.92 6.52 0.6
10 1.52E+07 5.09E+07 7.18 7.71 0.53
11 3.50E+07 2.94E+07 7.54 7.47 -0.08
12 4.14E+07 1.54E+07 7.62 7.19 -0.43
13 3.54E+07 4.97E+07 7.55 7.70 0.15
14 7.32E+05 1.26E+06 5.86 6.10 0.24
15 6.49E+05 2.05E+06 5.81 6.31 0.5
16 3.85E+07 2.46E+07 7.59 7.39 -0.19
17 2.19E+06 5.87E+06 6.34 6.77 043
18 2.20E+07 7.97E+06 7.34 6.90 —0.44

21 6.01E+04 2.95E+05 478 547 0.69
25 8.56E+05 4.99E+06 5.93 6.70 0.77

*ERRMBAMARA ARSI H s TmE+0n=mx10"( {1 3.07E+07=3.07x10")



He SR Y GBS PN BT 48 5 ML HCV RNA Je 5 RT-PCR LR RO0E, % 669

r2=0.829 P<0.001 Y=2.076+0.725X
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Figure 3 Scatter, linear regression(A, B) and Lg value difference plots (C, D) of quantitative determination with TMA and RT-PCR

A: Scatter and linear regression plots of TMA system and RT-PCR which reagents were made by Hunan Sansure Biotechology Corporation; B:

Scatter and linear regression plots of TMA system and RT-PCR which reagents were made by Shanghai Kehua Bio-engineering Corporation;

C: Lg value difference plot of TMA system and RT-PCR which reagents were made by Hunan Sansure Biotechology Corporation; D: Lg value

difference plot of TMA system and RT-PCR which reagents were made by Shanghai Kehua Bio-engineering Corporation

2.2.2 TMAL Ei# 4 RT-PCRIX A 69 Fu i

70512 PEH CVIER L 15 13 43 i >R TR
ERT-PCRIAFN A TMAKR R KM, TMAMR Z A
BH I R340, BHMER H48.6%, RT-PCRAG FHM:
320, PHMEFR H45.7%. PCRATMAKS M A FH
PE326 . YA TE36 ], PRSI E R —BOR K
97.1%, TMAKIMBHYE . PCRAGIEATE 26, TMA
KD B . PCRAG I BAME O], FE X U k% 2% x> 46 56
KR IEAR, 2R T8¢ 5 L (P>0.05). 2917
I BHPEHCV-RNAKE i 25 S 575 AL M LgfH (31 1L
FR AP CRAG I A7 B fd 47 3% il £ AEAIK s ) B

JoE A, BAIFR) (FR2), PCREGINLLe(E N
4.99+1.43, TMARKMELglH H4.74£1.43, &
SPSS18.0/ 5, WAl LgfE W & IER M L)y
2E 50 ME 2 LG G a3 B e BT ARG T B R B
WA (r=0.96, P<0.001), &Mt Hy=
-0.039+0.957X(r’=0.915, P<0.001)([&I3B), i#—#
SPHTTMAFRIPCRE T LgfH 22 H &AL, LgfH Z{H
Fil }-0.47~0.01 (R4 HUA L, SIBR A B RFE(E)
LgZZ {0 V¥ M -0.14(KI3D), Wil TMARIPCR
FEARA R — STt
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* 2 EiERE RT-PCRIEFE TMAFZ HCVRNA fHEEESE R
Table 2 Positive results of HCV RNA quantitative determination with RT-PCR and TMA system which reagents were

made by Shanghai Kehua Corporation

NS TMA 453 /(U/mL) TMA(log) RT-PCR 455 / (U/mL) RT-PCR (log) log 7518
01-1 2.29E+04 436 3.96E+04 4.60 -0.24
01-2 9.8 1E+0S 5.99 1.03E+06 6.01 -0.02
01-3 8.25E+06 6.92 1.01E+07 7.00 -0.09
01-4 1.5SE+05 5.19 1.52E+05 5.18 0.01
01-5 1.40E+06 6.15 2.90E+06 6.46 -0.32
01-7 3.12E+05 549 3.17E+05 5.50 -0.01
01-9 1.61E+07 721 4.76E+07 7.68 -0.47

01-10 2.93E+02 247 B - -

01-11 9.12E+05 5.96 1.27E+06 6.10 -0.14
01-12 2.84E+06 6.45 4.79E+06 6.68 -0.23
01-13 2.32E+06 6.37 4.73E406 6.67 -0.31
01-16 2.86E+06 646 3.89E+06 6.59 -0.13
01-17 1.95E+03 329 227E+03 3.36 -0.07
02-2 1.01E+04 4.00 1.76E+04 4.25 -0.24
023 129E+02 211 AR AG  FR - -

02-5 1.29E+02 211 TRl R - -

02-9 3.54E+04 4.55 S.37E+04 4.73 -0.18
02-11 2.91E+04 446 3.76E+04 4.58 -0.11
02-17 6.75E+03 3.83 9.67E+05 5.99 -2.16
02-19 1.28E+04 411 5 765404 444 -0.33
02-22 7.00E+02 2.85 9.03E402 2.96 -0.11
02-24 1.89E+04 4.28 1.97E+04 429 -0.02
02-25 3.07E+07 7.49 4.02E+07 7.60 -0.12
02-29 6.16E+04 4.79 7 26E+04 4.86 -0.07
02-34 2.02E+02 231 TG R B - -

02-39 6.08E+03 3.78 9.03E+03 3.96 -0.17
02-40 6.56E+02 2.82 9.96E+02 3.00 -0.18
02-42 9.81E+02 2.99 1.04E+03 3.02 -0.03
02-43 7 44B+02 2.87 9.76E+03 3.99 -112
02-44 3.53E+04 455 4.56E+04 4.66 -0.11
02-45 9.97E+01 2.00 FH4: - -

02-48 9.78E+02 2.99 1.23E+03 3.09 -0.10
02-50 4.44E+03 3.65 S.42E+03 373 ~0.09
02-51 3.22E+03 3.51 4.63E+03 3.67 -0.16

RT-PCR 5 TMA 7& AN R B P45 B AR 25

33 i

HCV RNAT ] 2 i J5L 0K B 2 A I 52 A
(nucleic acid testing, NAT)fgl, HH LIRT-PCRAF
TMAMUREE iR, AT T 8% 3 1 ] AN AT+
Ko ARG T TMAKZR , [E B 5087 T34

ANFEAA IR T TMAR R RS, TFRARE
BT (20 C)RATMAK R AT E, 24 h& LA
W ,; 4 CTFTMAKRRF6 d, FREMEME
B, 57 K REMATH; -20 CT 6
A, FI R E R E S M. kA, fEE
I FH — 2 1 O35 Vi J3E A7 8 %) AR A1 B S T HLC VA o A
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A B T TMAKR 22 1 Fe 25 28 "I RT-PCRIRK
MR R I TMA$ AR FIRT-PCRAZ AL fE K I
FKZE 500 U/mLiEMRA, P& RBUEAR
W AT M, (HTMAE R P BRI e, 2
IRTMAHE R RGERTRE S TPCREEAR, (HX A
Rrit— LIS

AR T H#L TMAR R | BT TMAIR R 78
AR EMREHEMELS Y. P12 0 TMAK R
RO A1, X 1014118 M 2 BT R K LTS
R, o A R S RT-PCRIA ] 5 TMA
1A 22 1) BH A G HE 38R0 AH D& DL B b i B2 P CRIK
5 TMAMR Z 0 BHAE A S FAH DGR . 7R pe 2%
MPCRIAFN S TMAKR X LLWFGEh &3, PCR
PSS L, B 206, TMAY BB
o ifl, PHPE K206, FAYE. BHEERF A RN
100%, 7 &k I 7 T W 35 A OC R4 0.91, Lg
ZAHFIME ~0.19; 7 LilERHEPCRIZH] 5 TMA
1A Z B L FSE R & BIRT-PCRY 48 FH 3241, B
P38, TMAY B FHME344], BE36%], PCRY”
HEBAPE M TMAY B BH P26, PCRY™ 1S BH I M TMA
P ptEofl, Bt PHEEART & %97.1%, ABxT
TORhCKIES, PHMER R E R ToIM R X, TF
JE 1R I 7 T A OC R BN 0.96, Lg2EfH
R -0.14, Z54 LR o 256 245 5 m DL & BE
TMAKS I 25 5 55 9 Fh RT-P CRAG I 1) 485 5 A /N Y
25, FMEE ZWRT-PCRIZ A — B H100%,
M5 LiERHERT-PCRIZFAN M —ECR H97.1%, K
B BHME S TMAR HRT-PCR, 3% 2 5 WAt H 1Y
AE ARSI 2 1 T PR U PEA &, IR XM RT-PCRAE
MHCV RNARY & & FRR K25 U/mL, i L ifERHE
RT-PCRIA A AL FBRA500 U/mL, AN
1EHER TMABUBE IR R 1, S ARFG B 500 U/
mL, HM 5 R A [ AT BR URE A RT-PCR
A XS LU 45 R, AR SCEESL 1 TMAK
ZGEKIN R BR AR T500 U/mL, 275 AW g 2%
MRT-PCREGIMHCV RNAM & & FFR 25 U/mL—
B, AR . WA BT R IS M TN B
REFLTIMERS A E L MYOR GBI RS
FLRT-PCREG I A BYE AR A b, TM AR AT
AEAG I Br A AT BR A7 AT B2 ITHCV RNA, 7 ixX 2
SRAT IR 2 1T RE R IR YT 1525 Jm S & iy Sk IR U 1)
PR, UEE | RAE I R R A HCV RNAKE I
T8 P TN U T 9% BB 3K B2 52 YU BE TR T B R
N VAL B e B A AR H L, ek R
RN B R B IR I PRI BRSBTS 7
BRI UL, TMAFN & U . GRS F B AU RT-PCR
FR—FE, o208 T BT 45612 Wi RA 97 97 R

MpTHZ—.
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