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According to the serological screening methods of antigen-antibody reaction such as ELISA, it has been known that
the complete detection of viral infections of HBV, HCV, and HIV-1 viruses in the blood and blood related-products is
not much reliable. Therefore, nucleic acid amplification testing methods (NAT) adopted to detect the small quantitative
viral nucleic acids could support the basis of using and supplying the blood and its related products safely. This research
work is basically designed to describe the simultaneous blood screening system by multiplex or duplex tests for
detection of HBV, HCV, and HIV-1 viruses in the blood at one time with low price and labor. It is aimed at easy
detection by using the conventional agarose gel electrophoresis. Thus, we tried to detect and identify the viral components
in the blood sample according to their different size of PCR products. We decided a set of consensus sequences to
recognize each viral DNA fragments after running the multiplex PCR in one tube. This was done by nested RT-PCR
using two different RNA viral genomic templates followed by multiplex PCR with addition of viral DNA and their
primers after purifying the viral genomic nucleic acids. Those specific primers could be used without any interference to
amplify each viral genome in the blood samples. The sensitivities with different viral loads were evaluated on the agarose
gel electrophoresis. Three different viral agents in the blood samples could be tested by this multiplex (RT)-PCR with
three different primers.
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Table 1. Oligonucleotides sequences used in the PCR and RT-PCR and products size after amplification

Virus Nested Orientation Seuences Product Size
Outside Forward CAC TCC GCC ATG AAC CACTCC CCT
Outside Reverse TGT GCT CAT GGT GCA CGG TCT ACG AGA

Hev Inside Forward AAC GAC TGT CTT CAC GCA GAAAGC
Inside Reverse GCA CCC TAT CAG GCA GTC CCA CAA 230bp
Outside Forward TGG AAG GGC TAATTC ACT CCC AAC
Outside Reverse GAG CTC CCA GGC TCA GAT CTG GTC

v Inside Forward CCC AAC GAAGACAAGATATCCTTG
Inside Reverse CTG GTC TAA CCA GAGAGA CCCAGT 01 bp
No Forward TGC CTCATCTTC TTGTTG GTT CT

HBV 336 bp
No Reverse CCC CAATAC CAC ATC ATC CAT ATA

M 1 2 3 4 5 6 7

Figure 1. Detection limit of HBV (A), HCV (B), HIV-1 (C) DNA plasmid samples using PCR. M, 100 bp DNA ladder; Each lanes was
half-diluted from 240 ng/ml (A), 240 ng/ml (B), 1,300 ng/ml (C). Positive PCR product were shown on the 336 bp size (A), 250 bp size

(B), and 501 bp size (C), respectively.
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Figure 2. (A) Detection limit of Multiplex PCR with combina-
tion of different plasmid NAs of HBV, HCV, and HIV-1 samples
on the 1.4% agarose gel: at the lane 1, HBV (60 ng/ml) plus HCV
(45 ng/ml) plus HIV-1 (325 ng/ml) were mixed with 1 pl of each
into the reaction volume, and lane 2 was used with half of lane 1,
lane 3 was used with half of lane 2, and so on; (B) Detection 11m1t
of multiplex PCR with labeled with **P-dTTP was carried on the
5% Polyacrylamide gel: C, positive control; lane 1, 0.1 pug/ml of
each plasmid DNAs, respectively; lanes 2~8 were used with serial
dilution of 10 fold, respectively. The upper bands are shown as
HIV-specific DNA (501 bp), middle bands are shown as HBV-
specific DNA (336 bp), and lower bands are shown as HCV-
specific DNA (250 bp).
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M1 2 3

Figure 3. Reproducibility of (RT)-PCR methods HBV (A), HCV (B), HIV (C) DNA PCRs were performed three times by three
different persons, respectively. 1, higher concentration than detection limit; 2, similar concentration of detection limit; 3, lower concentration

than detection limit.
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10*=<F 7,5009) A N7H=e] 2po| 7t AFTh

SRR A WS w Hr}h 2~7 X 10°) ©]

g A= A AEEA

Figure 4. Multiplex PCR Amplification with each different
plasmid DNA template (1, HBV; 2, HCV; 3, HIV-1), with two
combined templates (4, HBV + HCV; 5, HBV + HIV-1; 6, HCV +
HIV-1), and with three different templates together (7, HBV +
HCV + HIV-1).
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o thallA] 3¢910] Z}z}F HCV-PCR, HIV-PCRS =33k 2
I QRS BT (Fig. 3B} ©). 1%10] 33]4 7hzte]
AFS AP Aaw Hde] AQdgdel HAEH A

i

3 HA WES Hol= HHEU %2 %] plasmid

20
GOt
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DNA (HBYV, 30 ng/ml; HCV, 180 ng/ml; HIV-1, 1300 ng/ml)
2 Abgstel Z471e] DNA, T 14 o Hof 9)
= DNA, 22|32 Al 7}4] plasmid DNAZ} 25 93+
plasmid DNAE mutiplex primerE =7 Y il PCR3}o] &
ISF3AT (Fig. 4).

3. 8dEE 2z HEE A= tigh SO0|= HA

1) ELISA Algloll o/t A3

20719] 29I E 7 mlole] s free HH O gk 2t
Hhol2 2 A& A3 primere]l ek Solk A= A
|41 DNA iz RNA 5% o 353 &
o] 9= Ao® ®Bi PCR 2 (RT)-PCR #HA}
TS A3, A NA = vlole 2Tt HEY
o, F2ToZ ARE-SF plasmid DNAZF E013F 42

el zhzhe] ulolel 2~ DNAZF AEH AT o
7} A3 primer= 7} Hpo|E|=-5o)5t A 283
o] gl At

vpolE 2 5391 Abeke] dA 2053 A gk Ak
HBV, HCV, HIV ELISA #AME Al3ste] dHstyor
Z} wtolg 2o ik SHEE € multiplex PCR
o AMgE WHoRE 34 ANE duvt FIsglnh
HBV ELISA A} A|2F& SD HBsAg ELISA 3.03 AH&-3}
%31, HCvell th3lA+= SD HCV ELISA 3.0, HIVel ths]
A3 SD HIV 1/2 ELISA 3.0 Al9f& A& o, 7F Al
oFo] {77172 2006\ 129, 119, 8¥9] A& A3}
Tk ELISA A2 Wellwash 4MK2 (Thermo Electron
Corp., Waltham, MA, USA)E AH8-319131, 3=+ SLP
Spectra® 450 nmol| 4] 27t A3}t

AfHow AN Fdizd 2 HAEH
7d-%- ELISA % PCR Z3}ol| thal] 5o]%|?] HAL A=
BT (Table 2). & A7ell AM&-¥l ELISA kit®] ¥17+%
T 99.5% o, 5olZ= 99.9% ol Aoz veht
o, S FAd A cutoff TAI= kit AFAL (O
2hellAs S8 B4 71 @t 1L HIV 33 7] gh=
SANEY Ft FHE+03 (HAZF B 7= G ol

o
N mlm
-1N

U SN
N

do X & 390 |

N,

Rl
30

g F

o

ol A, olshd &4, 2. HCV 4 7] #h=+4d
ZN Ht FAE=+03 (AHAZE B 71E w ol el
A, ol&hH &4, 3. HBV &4 75 gh=SAdtxd
B FFE= 4005 (A7 B 715 g ool A,
oletd SA)o R WAGsqlck S H Fdx
ol 717k HBV, HCV, 2 HIVZF HEHA &= g4 S

Z&Al, 0IXlsl, 2ESE

Table 2. Specificity Tests by RT-PCR using viral-specific primers
against non-infected human sera

HBV A%  HCV A%  HIV-1 4%

ELISA PCR ELISA PCR ELISA PCR
U= 1 0036 =4 0020 =4 0043 o4
+4u=d 2 0038 o4 0023 54 0041 =4
FAUEY 1 2748 A 2850 X 2673 4
PN 2 2652 A 2871 A 2691 A
AA 1 0054 &4 0120 4 0049 24
A4 2 0.054 &4 0068 =4 0057 =4
AA 3 0056 =4 0094 24 009 <4
AA 4 0068 54 0085 A 0056 A4
AA 5 0064 54 0092 A 0041 A
AA 6 0071 &4 0085 24 0058 =4
AA 7 0053 =4 0083 24 0064 =4
A4 8 0054 54 0094 A 0061 A
AA 9 0053 &4 0100 &4 0053 24
A4 10 0055 &4 008 =4 0058 =4
A4 1 0061 &4 0087 A 0057 A4
A4 12 0057 &4 0093 A 0051 A4
AA 13 0054 &4 0089 24 0065 24
AA 14 0054 &4 009 =4 0070 24
A4 15 0051 &4 0106 A 0062 A
A4 16 0052 54 0098 A 0058 A
AA 17 0053 &4 0088 24 0071 24
AA 18 0058 =4 0079 24 0063 24
A4 19 0052 &4 0069 A 0054 A
A4 20 0056 54 0095 A 0055 A

2) PCR 74Af01| I?_ A=A = AAQ 7.:1%
oJ-

3l PCR %Wa #6@?‘& A} A
t¥l HBV, HCV, % HIV-19] )3} PCRS
ZH o, F9 £HE gAY A 2 A

Sol5 o @28 vlelg st gl PR A0E 1

plasmld Az
71—71— ofygo=Z

o Y oo oo
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=%t} (Table 2). HCV Yoz AAHHNY AR 244A, 18|31 HIV-1
4. HBV, HCV, ¥ HIV-1 o A chsh =Y WA WAL 095 THeel Ee] i
PCR ZAl BHl, B, Byt Wy, ARSI Fo] 747 thEv)
uj 5ol o]E<] that multiplex-PCR AALS $=33317] el
HBV %4 HAAHIE A=RE 2084 s, AR SAN dHS Fstea Z7S ELISA
Table 3. Each sera identified as an infected with each virus were specifically screened by ELISA and (RT)-PCR
HBV Z} HCV 2} HIV-1 A3}
: PCR (2™ 7) - PCR (ZH 8) PCR (ZH 9)
ELISA ELIS ELISA
HBV HCV HIV HBV HCV HIV HBV HCV HIV
e BT | 0.056 - - - 0.026 - - - 0.043 - - -
e e ) 0.045 - - - 0.022 - - - 0.041 - - -
FAHE | 2.568 - - - 2.441 - - - 2.776 - - -
AT 2 2.527 - - - 2.409 - - - 2.934 - - -
AA 1 2.826 - - - 2,516 - ~ - 2.904 - - -
AA 2 2800 ¥ - - 2.841 - a3 - 2.861 - - -
AA 3 2210 ¥ - - 2.794 - - - 2.759 - - -
A 4 2884  ¥A - - 2.746 - %4 - 2.884 - - -
AA 5 0475 ¥4 - - 2714 - ~ - 2.884 - - -
A4 6 2842 HH - - 2.580 - - - 2.673 - - -
AA 7 2735 ¥4 - - 2.900 - - - 2.858 - - -
A4 8 2331 - - - 2.848 - - - 2.936 - - -
A4 9 2762 ¥ - - 2912 - ~ - 2.553 - - -
A4 10 1513 94 - - 2.926 - - - 2.727 - - -
AA 11 2444 ¥ - - 2.762 - - - 2.887 - - -
AA 12 2.906 - - - 2492 - - - 2.827 - - -
A4 13 2903 FA - - 2.685 - - - 2.639 - - -
AA 14 2.055 - - - 2.433 - ¥ - 2.948 - - -
AA 15 0.876 - - - 2.778 - - - 2.830 - - -
AA 16 0811 ¥4 - - 1.321 - - - 2738 - - -
AA 17 2294 %A - - 2.773 - - - 2973 - - -
AA 18 2581 A - - 2939 - - - 2.909 - - -
AA 19 3.138 - - - 2.834 - - - 2.895 - - -
AA 20 2572 ¥4 - - 2.900 - - - 2.621 - - -
#HA 21 0.054 - - ~ 2407 - ¥4 - 0.056 - - -
AA 22 0.054 - - - 2.931 - - - 0.070 - - -
AA 23 0.056 - - - 3.075 - ¥4 - 0.042 - - -
AA 24 0.068 - - - 2.145 - - - 0.087 - - -
ELISA &%4 94 715 3k 'HBV 4494 7|5 #=0.1014, "HCV R4 715 #4=0324, "HIV-1 DA 715

#=0.342
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MNC 1 2 3 4 5 6 7 8 910 11 12 131415 M NC C 16 17 18 19 20

MNC1 2 3 4 5 67 8 910 11121314 M NC C 15 16 17 18 19 20 21 22 23 24

MNCC1 2 3 4567 8 91011121314 MNCC 1516 171819 20

©

Figure 5. Twenty different sera positively diagnosed by ELISA tests were amplified by multiplex PCR with 6 different primers: M, 100
bp marker; NC, negative control sera without any template DNA; C, three different plasmid DNAs such as HBV (A), HCV (B), HIV-1 (C),
were amplified by same PCR for the control; each other lane is shown as each different sera samples amplified by multiplex PCR methods.

Hl=ER ST (Table 3). FALR kit AZALA Al olg S3E A= Table 30l VFERIACE

AlgE A 71E ge (1) HIV 33 75 #h=2A4 0z AvpH oz dHst4 HBV U4 2084 oA 147
Byt FFE+03 (FAZE I T 7k oldeld A, AVFPCR AARE FPAAR FRIFEen, YA
oz &4), ) HCV &4 7] #h=SAdxd Fi HCV $A 2473 A 14 multiplex PCR WH o2 57147}
SHE=4+03 (FAZE BH 71F gk ol ol FA, olst o= WA, HIV-19] A5 A FA 207
W 54), 3) HBV ¥4 7|& gh=adulxe H 54 Aol A multiplex PCR AR FA3 A= s 1o
T+0.05 (FAZE I8 71E gk ol dold A, olskd AT} (Fig. 5).

)0 wAsgith webs HBY ¢4 w4 V1% fh

5. HBV, HCV % HIV-19 Z+ 29 EHEAAo| Cist

0.05+0.05=0.100, HCV ¥ ¥4 7] #-> 03+0.024 ,
multiplex—PCR Z&A}

=0.324, T3 HIV-19] & 34 7|5 32 03+0.042=

0.342 o]’de] B o2 3t gk Q1o "W Almel A Al 74A] wlo]e] 2Tt F Al

A g Aol dexl Al taiA 2 wte] AR Aol BRI ARE T ofH 9] &
ol Eol3 AR primerS } ste] @ PCR 2 7 wlole]zel HAE Zlo] T PCR % WO =
RT-PCR AAME Tt U, HBV 7ZrdzdAlel tisia 1% 49, ol5S Z§ste] Al 7HA upelz] e 74
= Fig. SA, HCV #Z474Alo dis|A = Fig. 5B, 18| H AoR By B Atolx 3 E multiplex PCR W
HIV-19] thal A= Fig 5CE YERd vlel 2k} oo < #21&t7] 913819 nested RT-PCR 2 multiplex PCR "
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Figure 6. Confirmation of the multiplex (RT)-PCR in one tube.
Multiplex-PCR were performed with HBV-, HCV-positive sera,
and sera containing HIV-1 plasmid DNA: Multiplex-PCR were
performed with HBV-, HCV-positive sera, and HIV-1 plasmid: M,
100 bp size marker DNAs; lane 1, HBV-specific primer; lane 2,
HCV-specific primer; lane 3, HIV-1 specific primer with HIV-1
plasmid DNA; lane 4, HBV and HCV specific primers; lane 5,
HBYV and HIV-1 specific primers; lane 6, HCV and HIV-1 specific
primers; lanes 7 and 8, HBV, HCV, and HIV-1 specific primers
were used, respectively. HBV sample number 10, HCV sample
number 2 were used in the reaction. And also 1 pl of 1 pg/ml
HIV-1 plasmid DNA was added into reaction

Ho g ZZ3}o] agarose gel AollA A7 5315 Tk

Fig. 6014 XH.o] = njel o], HBV HCV % HIV-1
AAE] @ PCR #HAI}F HBVSF HCV, HBVS} HIV-1,
HCV$} HIV-1, Z12]3L HBV, HCV, HIV-1 25 5o Q=
A8E 23381 multiplex-PCR AALE 3ste] 2 1
HE AFste] Byt de]H o= HIV-1 AAF AlsolA]
RT-PCR FBHA7} et oA & #ARE ol A
#ol| A= HIV-1 plasmid DNA A|HE Yolr] a3 4=
vhol] gidit). AaH o2 AAE multiplex-PCR HH o2
ol #&d ARl Al 7HA $1al wlo]e{2 HBY,
HCV,HIV-1& & Hol| o] 7hssh sl = et

k!
I

H}O] EV‘«] consensus sequence®l| A primer A|¥5 XA
Stk 7t vpole) 2o 5ol ARl sequences: 7HH A EE
oAl A A

AR AeAe AR T sub-

187

type Hfol2| 2ol e % Q1212 5= Q)= primer sequence
7} =5 33tk HBVOl tgh primers middle surface
antigen F- A} A 714 conserved regionol A A3
om, HCVE] 749~ 5-terminal +-*2] non-translated region
, HIVe] 4% LTR
el A 71 conserved region®] sequence= PCR primer=
ekl om, 53] RNA Hio]#| 29l HCVSF HIVE] 7
- =% RNAO| #4] RT-PCR &5 & 749 ¥izt=
7} WojA|= oudd Ay RIEE Fol7] flste] 4
7 primer sequence WFZZol|A] A|22] primerE 413}
o] nested-RT-PCR W& ARE-SIQItt = WA LA
2 7} primer A|E°] 98] FFHE PCR AHE9] =7|7f
M2 GEq AR e blelgaE
= forward primer®} backward prime (] 7HAS 274
aholet Al WA aeAREke: 2t vpole] o] gk
5 7+e] ¥7]14 gl non-homologousdloF 3}i= o]t
Multiplex PCR A& A] 671 primer sequenceE©] 3+ Hojl
Eo717] wliFol AZ719] inter-base paringe] $loiok f
™, o& Hfely =Tl A BA=o] mljg- vrolof
Sol=7t =4 vehd Aoz ddE it A2 mult-
plexed PCR AHZ-S- agarose gel oAl A7|9&38] »H
@ PCR AREHT 7o) ol d3s & + 9
AT} 53], RNA Hlo]2] 2 Xhﬂq DNA Hfo]#] 2 -7
AL FHo= ARt FAlo A
e xS 71A17] vl 39— -‘E
ol A ] Wol7} =] ve} 9% 3 v "olxith
T B Qlth (5). WA Hever HIV 8 kel 24
Zo]ojA] HIV-1 PCR AHzE©] HCVE] PCR AHEHTh Ffh
AdE o] vepdth= Aotk

Multiplex PCR A A 742 vlo]gix {44 FA41 =
4, 8]l 'Rl W A o] g9ty
A9k (7), & ‘E‘—rLf’ﬂ/ﬂt —Zr%ﬂr 3}@ < agarose gel

oz

o & conserved regions AH 3}

HA AR 5 9

nmer

At 228X agarose gel 7 7]° A Al
ANRE 7 e A ol WA Fe itk o
A A real-time PCR WH o2 34d3e 5= glon)
gl Azte] st} w3k 2 Aol A= PCR
°] DNA7} A71995 7oA 45 7] wjiZell control =
A 2y mpole] s FAAE FE5 o] = plasmid DNAO
] PCREF 2H=-S- positive control Z4] 100 bp size marker
DNA®} 3| K719 538t 28 skit)
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¥ (RT)-PCR el thdh W3=s gelstr] 9|
&}e] HBV, HCV, ¥ HIV-1 %Zd%élol 24
DNA templateE ZtZt AF8-3lo] AR
g FA@ALNE copy T2 ST 2 ATl =
miniprep WHOZ 3] HAAE plasmid DNAE T3 2
2 ARESFl O, Gobbers & (11)< plasmid DNA H+
ol A7 ol A2 viral DNA template “3 4] W% (extraction)
of whet PCR W30l AFo]7b Qle-5 H.aLskelvh HBV
DNA®| 7-¢- 33|14 wljgrel] wheh efghe] zbol= U
o}, 80ToAel A9} QlAamp extraction M2 o2
100~900 geg/ml 58] FH7HA] B4 7hs HE B3
o aEar FE A AR Fol 01 miY WET 1.0
mlY o =] F=27F 10 A w4 vkt B
W} A% @e). 2 AT 43S WA, A4 24 A5
plasmid DNA %2 HBVS] 79, single PCR WF-§-ol A

1.013210° 2} /ml, HCV®] 7%, 1.84x107 &2} 7/ml,
HIVE] % 6.52<10" B2 $¥mle] Wzte= ekt
Meng 5 (15)°] A3+5 29, df f HBVS| 739 22~

60 copy/ml, HCVS] 7% 61~112 1U/ml, HIV-12] 7
33~66 copy/ml= YEFE=H], o] Al 02 mlS T%S
of 9 A= ALk Aok 2eivt A 919
22 ¥AE PCR AHES 5% PAGE gel AolA AE3)
¥ A3}, HIV-1 plasmid DNA2] 7§, 3259x10* ¥4} 4=
mlol A HA g2 dog Axksa, o1 Bt 108)] g
AE FRollMe A EA &2 AdE EASH, HCV
plasmid DNAS] 79~ 3.288%10° &2} /mloll A HA 5
T2 ©xE 03, HBVE] DNA7} 917t multiplex PCR
Adell A 13512x10" A} F/mlcl A HA A FEe
NAEE Bty 234 02 Jabeling®| A 22 PCR pro-
ductE agarose gel oA ethidium bromide® SF4H 7
Blofl A o] oA B} F9AAE 1 pCi AeE YL
labelingA] 718 W=7 AR A g€ AoR AlR

AE A2 NAT HHH2 (7h A& 42 RNA =+ DNA
T3S HHlska (W) A E primer’t 501X 9 EE 3
< %. LHo]: o]._,"_r (\ﬂr) oﬂa} El-;q H]—\:H o7 ol:/\h,} &4
ANEYS J&ﬂ oHOlt gk AlE 49 RNA E= DNAS
FZ3E 2 QlAamp FZ 9, RNAzol 5°] A5
o] &3] H%EP RNA %= DNA®E F3o] golai
t}

o

0

e
—Orl-"
rl
01—‘

LR PCR WA A Fol mlolel s /149 B4

2 3=

A3 primer o] Fol] 7= gkt (16,

22X, OlXlsl, 285

18). Primer A17d2] A 8HAo) w2} PCR 52

Eolwrt Fopx| 7Y wolxit) uhebA

virus-free serumZroll A FEH 2T 02 A-E-H plasmid

DNA 8ol thdt 2} 2| & primerd] o<

Fig. 5914 X nle} 7‘*0] z} H}Olﬁi*oﬂ gt primers
= H

rz e
>
i)

o

=

H

Il ohE upoje] s FEd EHEHHh PCR ®Fgo] §42
2 Uel o]t BoldS& RHolE AR primerE %
AA Ad ABol AT H9- primer?] EHFHJY DNA
T RNA A5 #8133 Aol kg dar A
FL3HA Gl Elofof AlE|st vkt SAdglo] 7Hssit) B
< A A, AR 7=A Aelol] o oF
2 PCR A8 o] o7 ol ofd A == 95
4 A3t vebg 5= ek olEg R/ TsE S
at7] {1l AdAR HAE AASIth S 2dE plasmid
DNA templateE AH8-3le] EX|sletA A3 Ayl A
4] 7Fs olete] template copy ¢+ BA 7Hs T 9
copy = T12]al 1R} 108] A% =& w22 T3 copy
TE ARESH 1919 A@AL d&sto] 2~33] HAE
aklom, w3219 ARt 247 1349 HEES
Arjate] Q@Y ArHE AAsEiTE 1 A¥= Fig. 500
Al ZbzE ERlstler, A Bl dig AddS A5
A

A o2 ELISA B NAT A4l HBV, HCV, %
HIV-1 o= e 9 Algs TX‘SM 7H‘*‘ Al;‘%
of thgh Z} vpole] 2 el H AT
ARl HAME -4 AT o] = —’F@Q
w9 By e wet mlelE s SdA
nom, dHsHAQl HAF Aaket NAT A Ate] 4ol
Aol digh =7t dadx|x w2r] we|rk AA
& 7} vpolg] 2o ZelE ARE "’F’Saﬂﬂ ¢ ol
ol AN, = d AR A Az e el A
FHFAL == NAT AAPE 1—r°1X4°F dgtst AnE
o) W), B Adle] AbeE ARSe A
Al F=Rs717F ol AT 2EA
9 HIV-1 FEAAES FYUXI ELISA

P

o
o,

il .
JIN rlr

> 1

-

o 1
il -1>

o o o Mo
<
%
u<

= AWtk ELISA AAFS Walsle] 2 139] PCR

ALe] At EAle] Fag As = ARSIt

AT A AREE "W AR Eo] ojw] et B
HHAGD AlmEe] thi-EololA 53] RNA Hpol2]2 A
7o A aR A% AWt gHor e &
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om wgk npole] 9] A2 ] load Fo] LN LtolA]
ARl A ANAISE agarose gel ol Aol B©A] W17HE0
to R Holx & SEL AT & flvka Bk

g}]\
B
X
o} 2EXRE B Ao A AA]E multiplex-PCR O
=
ks
;é]

o

HAEH = products: WAgE &7l A SRt =S
AP Y UAE labeling 3HEA], HJHAMA labeling =
2 FASt AEFhd 1 54 M EE 4EE] =
opx|ele} Aztghet. Bk H8HH O R anti-HIV-1 Ab7}

H= Ao A% £ multiplex PCR SHHOZ A
15 A7) ofEHd e FHE HIV $48H o] o
i F-vlolg s AAE B8 M Wi ghate
dHolojA NAT &7 Z3E Eivka Azher)

Multiplex (RT)-PCR &= W+
o} FAdA HBV, HCV, ¥ HIVE FAld] ©A|3
AL, A B st e Aotk AAlRE shte] npo]
2] 2ol 7hdel A9 F oo =A] 1 npol o] f
< UE a2 frlEAE o3
A= ety 2gANE e T vl
FefaL SAlel] 5013t primer5o] AA= =
shube] wpole s~ fHEde] T35S WelshA
gotof SRR AFE AREEE primer®] AlAbo] AR
AEE AR 71499 Fato] glojx= <F Hrk
TEEE 2 AFRllA AAFH Al vho] 29| primerES 7t
Hpo] 2] 9] subtype®] = annealing 2 4= U= A He
conserved region®| A primer G7]AEe] AXE Rl
HBV primeri= HBsAg regionlA] AElE| ¢l o, HCVE]
primeri= HCV®] non-coding region®l| Al A8 7|4 <L
o]glom], HIVe] 7%~ B]alA conserved region?] LTR
region®| A primer @7]1Ade] AAE Zolglth o]zt
nolel 2~ 7hedel] digh dnkQle] dof ff mpole A 7+l
A EEA WO Ao X8 Aes EXsk=d AMSE
At (28). 223 7z} wlo]# 2 forward primer®} reverse
primer ko] A& HBVE] 79~ 336 base pair 20|,
HCVE 250 base apir®] o] =2, Z12]al HIVE] 75 501
base pair®] A °]=Z PCR product’} A== 31QFH STt

o9} -2 multiplex NAT 7|2 25 o2 7t vlo]
Y20 FAFHAE MR 2L AE TUE G40} o
2= FE7F 8FEHERE AAR oA AHEe] WztE
of #AZF WA 4= Adrk o]HE oY RS St
multiplex PCRE 7H&slef ™ ARg-sh= Aloksol e 3
Azt Aol dAolr) re]al 7= Ut e multi-
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plex PCR2] ¢ tjF-& RTE GAANHS-S WA &t
th5oll PCRE afloF &b, 2 A7 A1 9] multiplex+=
PCR-2 one-step reaction W4 0.2 ZFaYs}3it) o= A
FES gdoAe] MES @ty & W =" AR
o = glofof sfar, ti--9] multiplex PCR 4]
= "AEoF ek @ B =97 R EAIRE
ToAAME 7]E AgdoA Eo] ALE-3l= agarose
A7195H e R HAskaL AHehe WAS AEet
Aot 2y FHLAE labelingdle] B4 & 79 PCR
productE agarose gelolA] runningd}e] gelS AFA|7]aL
X-ray filmol| 4] autoradiographyZ}A] ok 3}=tl], o|uj
agarose gel X T} polyacrylamide gelS AF&-3h= Zo] A4l
Frhal b HCVE HIV 5% Alolo] ZAe sAof
Foabelel s fFHEAS FHOE AT A9 iy
U= 2ot A} (5). o] -9~ multiplex real-time
quantitiative RT-PCR assay '8 0.2 A F 71| A4
5 AAske Zlo] £& Zlojth. FAE plasmid DNA
AMEZo] oJg T ¥ o]F PCR AHE9 A9 & A=
2 A, Al DA £ nlelels 9 w2t

= W7o zpol® Qlste]

e 9w A &

i

A

§ ooz o
e E{;

X

o
wa 1

agarose gel oA HEEA|
AS Bejtk o]# et 79 RI-PCR| WAleA RT k&
Sl9E 13914 3~58] A= sz RTOl 2J3F DNA &
L5 wold HAE AT 7FsAel U3t (20).
AfHor AL o] AAANA 9 ai ulo]
2]~ 7Z°] multiplex-PCRE 7153151t} thit 814715
agrose gel Jollx] SQto = g%l 7t vpolg| 2o ol
g =17]°] DNA bandE 2HR18}7] el RIzHi=olA]
T4 dol kA vl T UAZ labeling3te] autoradiography

£ o] 8% 45 A 7le H7E B4 ok Wiztest
> A3E G HIATE 1 gl WAk A, =
= 54 PFEAS 7 dyeE F4d5= PCR 4HEol
¥AAA ©H]7] HEi= scintillation counter 5ol ARE-gHC}
Hoae AR Yol s X 5 A9E e
T & o2 Er} Realtime multiplex PCR %Ho| 2]
& A Thest vz EE 549 oY RuME B
THOZ 10~ 10" copies/reactionl] A S| 7} KL% $)

T} (5). ol & AollA el WA F9 A labeling ©
2 AR mzeet 2 Aol Qlths Ao R AlR¥Th
FH AsolA F=9 vtolgls FHEZS template

% multiplex PCRS 33 A3, HBV % HCVY] 45
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H| A NAT Al@¥o] AEE 9 seroconversion A]7]2
SA =7 QP Aol AW, HIV-19] 7§ A A 3=
A} 3ok NAT ZAVE AASA) S A97F e
oltt. L olfrEE WA AAP-E oo]= $hate
BRL vk Fololels Aldlel Hgom AN
= A g FA7F A "ol lolx] NAT ZHARE
Kolx] el Qlvhe Azbo|rh wgk - Aol A

14_
2 fo

o d

FE
AH&-3F HIV-1 ¢cDNA7}F 224 plasmid DNAE template =

a
[e)
e Aol WEel 3lojA v Hie]# s HBV

HCV plasmid 3o B} 7t WojAa 1SS

agarose gel oA S%%¥ PCRS| DNA
bandE Seto® AHeiA Y-S ek sk B
< WFEeA A WA AL, o5 BAE] sl WAt
] UAE labelingdlo] AMEE 79~ RIZFE7E A7
N e Aas Bty b IR EE Fole Al
+ U B 97 asitha 2

M= Aedste] ¢ AR uh), Tela e
olabiel zsi7lvlel A 3 vkl Fel olggl A
Z
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