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Epstein-Barr virus (EBV), cytomegalovirus (CMV), hepatitis B virus (HBV), parvovirus B19 (B19) & 4%2] v}o| g
2% Ao & 9271 Y UANZA DNAE A EA R §i-8) Zulolg & f-AA 471498 4
3t EBY, CMV, HBV®] pol #4412} B199] ns f-AA o] FolH 22 AFH 4 3+ primerE A7 -A s
DY AP L2 450 ulo]HAE FA ¢ 2T 4 U T FFHEL 948 Multiplex PCR)Y -2 515141
o} Primer 97|49, PCR ¥H-8-2A 89) 5%, PCR WA 2t Y £ =371 2 H A 3o WIS FYAIg L
24, 2 A Yo 510 #A5Y] FAEAAA & 753t =8 4F9 uloj A Aol o] A}ulg-o]
dojuiA] ghgkon] YAABE o] 43 A QM E ol ¥t Er FAH L elsign agrs R
oA 8318 F FHEL Q-2 A X Fd == A A A 2o 79 E 43 DNA vlo] B A At HEH

232 o§¥ 4 & Aojetm Bogs,

Keywords [] multiplex PCR, epstein-Barr virus (EBV), cytomegalovirus (CMYV), hepatitis B virus (HBV),

parvovirus B19 (B19), diagnosis

Hepatitis B virus (HBV)= g 2 M-S FubsiH,
cytomegalovirus (CMV)E= A3 A W (cytomegalic  inclusion
disease)2] <) vlo]#)220|T}. Human parvovirus B19 (B19)7}+
ZE=EH Hggo] AslE Aol A Aplastic crisis, DG4 Zub
59 ZFe] e, Epstein-Barr virus (EBV)E Burkitt's
lymphoma, nasopharyngeal carcinoma$} 22 b4l Eg

¥ & 9k

AHHe g nlelyse] HEWYPOTE HAUGFAW
(ELISA)°I  F33A G4, B nlolgfs B3R E HE3)
= A AW Fol o]&Ho] sttt HZE nlolula9)
A2k ASE3= hybridizationH o LK1, 20) TEEL A4k
o] o) & FAlolxek14, 19, 21, 28), FE3IF o] AlgE &

T8 AN &4 SHAA thik Bo] ok

e FFEA A3 H(Multiplex polymerase chain reaction)
& 1980dmell Ao Hud FE2 FAvolEY, o ¥4
B4, EA, RNA HE 5 ke o83 Zebyel g AL
|Eo] $ohs, 25, 26, 27). TH FHEAS ANk HEE
PCRYHO 2R TAANGORE F 7 e I olite] FHx=

Al S5 F T AEFA WRE AMEHAYTG, 4,8,

10). L&Y st o)de] primer pairg AMESHE O S¢Es
ANERS-oN A= primer dimer?] /2 WA 22 Y5
e Bhgol o3k BiEo)FRl 2P FF e I 4
tH2, 6, 15, 16, 24). T EE UF FHED AAREEAA U
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Y Ae HIEolH ¥hE-g oA s AAHEY] YA u
& &9 HAsp) dezor 9 FHTK9, 10, 23).

OF a4 AHNEE-S 9% ZE primer paires 2479 &
Aol i3k F5 a&4do] Ao gt} &, PCR HH3-9] &

£0°] PCR ¥hgo] Q32 Foh 1B R ol 98 22ty
primergS A9 6C FFHE A BE A 54
annealing =55 7FA™ primer A Woll =& ©]E primer A}
ololle A7IMEY] FAMY B 4R A Aol Hojof kT, 9).
a2)5l ¥hg-Eol dimethyl sulfoxide (DMSO), glycerol, bovine
serum albumin (BSA) & betained} 7+ 228 H7lsle] =
Zol A FHe] DNAoA olxtZ7F ¥A=lo] DNA
polymerization®] WEllE= AL Ao 2 thE 2gar 4
HARkg-9] BE&-& FUATFIVIE grkl, 12, 18).

T} DNA vlo|8|2E A& 9% desdasr 23
o] nlo]& 29| subtyped}t X AlBEE Hugo] gt} o
Eo] AR varicella-zoster H}©] EL’:(VZV), herpes simplex
Hlo| 2|2 (HSV), CMV B EB nolel2 5-22)7% Rrz2lo A
HSVeF vzve] SAEZ /- (13)0] Bt vk A A E 2
S 4o7]= DNA HRel#2: 4% B19, CMV, EBV, HBV 5-&
AEIARL TUE Lo 45 e vl AFAL Y3l
q9log A& gt azing B AZ4AE Bl9, CMVY,
EBV, HBVS} -2 DNA FF vlojeixg gag xgehs A
ArEAAN BEH0E PEY F JE OF TTEAS AgNe
W& gglsta) siadoh
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Hlo|2{A DNAS| F£&

23 Ag-E 538317] 9138t Puregene DNA purifica-
tion kit (Gentra, USA)S AH&-3l4 EBV, CMV, HBV, B19 59|
genomic DNAZ $&319th. E 89 w} spin column (Highpure
Viral Nucleic Acid Extraction Column, Roche Diagnostics,
Germany) 522 %3 DNAE B ELV) gle Ed
D.W. (0.05% NP-40 ¥3hZ elute3} 1, spectrophotometry 73 %
e o) g3l Y w=E FAAFAC AREs] AAlE
20°ColX B3} PCR HRgoll AlE2 ARSI

Primer®| A ¥ X|=

A, 7 nlo|F 2ol tid PCR ¥ 33| Astd 3
el Al delN $3EE tF FHEL ARkSlrE 5ol
Z o2 EBV, CMV, HBV ¢} B19 virus®} ZZo] 7}'58t primer
pairS ¥AEchTable 1). BI19-F, BI9-R, EBV-F EBVR,
CMV-F, CMV-R, HBV-F, HBV-R 9] primer’} &&= €7]
ME rtoldl] FAMIS HA83k AAU] base-paring®] ©]F
ojZ)#] gkov] uiEolA wkg-g AATG § U=E 7} npo|Hx
genome B71MES E43lY & TmitE ZHe 8709] primerE
2okt 2t primers B199) ns AL ZYsk= B19-FS}
B19-R primer, EBVE] pol f3Aell 23 EBV-F2} EBV-R
primer, CMVS] pol A2} Agsh= CMV-FS CMV-R 1]
i1 HBVE] pol FAAS targeting 3= HBV-F2} HBV-Ro|T}
(Table 1).

HIO|2{A DNAS| 55 ! dhSit=9] &l

nlole}2: DNAY] &5 $13 PCRYME-S 1X PCR buffer, 2
Z}+ 200 uM9] deoxynucleotide triphosphates (dATP, dCTP, dGTP,
dUTP)$} Hlojg2 Zo we}l Fo]&<Q] 20 pmole? 9] forward
2 reverse primer pair, 0.5 US| Taq polymerase (Solgent,
Korea)S 713t & 25 pl/t B3 BaEFSFE 7k 33}
Aot o] W nlolg2=2RE FZ, A viral DNA 0.1 pgs
3 o2 AMR-ElY 1, GeneAmp PCR system 2700 (ABI PCR
system, PE Applied Biosystems, USA) PCR FHIE ©]-&-3}iTt.
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CMV, EBV, HBVY] viral 3RS F5538}7] $jste] 242ho]
pol Al A¥3E CMV-F9} CMV-R, HBV-FS} HBVR,
EBV-F$} EBVR primer pairS AME3}93L, B192- B199] ns
AAol| AFsH= B19-FSF B19-R primer pairs AH&31e] Z2he]
viral geneol] tH3F PCR ¥H3-& 433} TH(Table 1). PCR ¥HE
o] WA B 25208 a2t 50°CllA 3, 95 °C
ol 4] 287} pre-incubationd}3l 95°C 20%, 68°C 188 403 ¥h
B3 & 72°Col 4] 3% o] wkSAIF T S8 viral DNAS &
018 95led PCR AHES] YH-E 2% agarose geldlA] A71%9%
3t & ethidium bromide (EBNE G243} UV transillu-minator
2 ZZAREZE Fodrt =3 H/T A FAVINES
dideoxynucleotide’} = 2 (Solgent, Korea)st] ¥H-E2] 719
£ HF I8k

FHXS cloning

ZZ 9 nlolgl FAHAR FR9) 1S ¢35t} PCR ¥R
28] FFEAIZ 459 viral FA ©HE Topo TA Cloning kit
(Invitrogen, USAYS AME3}] AlaA A2 gl°] cloning
34Tt pCR2.1 vector$t PCR ¥Hg-9] 5-& AHE-& U Hl&
(end mole ratio = 1:3)2 W& F ALA 1087 ¥H3 A7
% 5 19 ¥hS-E-S 50 p1o) T EFE F, 42°C ollA 30
%2 wiekstaitt. §AASE ol A T A 32
LB brothE 45 pl & ¥ 37°C oA 1A7F wloksich. Wik 3,
ulj ¥ 200 plE ampicillin (50 pg/ml), IPTG, X-Galo] Z3H&
LB agar plated] T23led 37°C oA 20417t vl 12k=2
white colony?h& A3} colony PCRE ©] 83} F3A 4
B2 eIt & DNA sequencingS £33l A44dd 13 &4
o] A7IME S glstet. grE ulolala FHAELS PCR
zz719) HH3) BA7 OF STPEL AN FE iz
o2 o]&3r.

LIS SEe4 oixfurESe =4

o2 Egas Adaeg A3 3] 91319 magnesium
ion, primer, dNTP (dATP, dCTP, dGTP, dUTP) FE= % PCR
buffer Z71, DNA polymerase®] %5, cycling conditiong 27
stgon A4 BFRE A5 templates AQS ZE s

Table 1. PCR primers designed in this study for detection of viruses by the multiplex PCR

Virus Target gene Name Sequences (5' — 3") Tm (°C)
B19 ns B19-F AGACACTTCTGACTGGGAACCACTAACT 82
B19-R CCCAATAACCACATGAATATGATAGCCTT 80
CMV pol CMV-F CCGGGAAACCACGCCGGCGGITACA 84
CMV-R CAGCCGTGCGCCAGICGCGCCTCT 84
EBV pol EBV-F CTTGGAGCAGCTTGICGAAATAATGATC 80
EBV-R ACGGCCTGCAAGTITTGIGCAGACACG 82
HBV pol HBV-F TATCAAGGTATGTTGCCCGTITTGT 68
HBV-R GGAAAGCCCTACGAACCACTGA 68
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2x premix FEE E3 AM83IGTh £ EBY, CMV,
HBV ¢ B19 vloj82 fAke}] $E5 913t Z2he] primer
3 20 pmoles/ul’} F|== Table 12] 8% 9] primers &85}
AHE-3HATE. Premix® 25 pl ¥HS 7|22 Ix PCR buffer [50
mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCL], 77}
200 uM$¥] deoxynucleotide triphosphates (dATP, dCTP, dGTP,
dTTP), Z+Z} 20 pmoles/ul?] 8F 2] primer mixture, 0.5 U Taq
polymerase (Solgent, Korea)?} template DNAS 713l o5 &
Fas AN A

A z2Ael el E T FEEL ARg Soligo]
FRAEEA Alds}7] $13}] 0.5 g2] minced AF Q) Thiver) F
2] EE 174 A 89 5 mio] cloningd EA viral DNA
E 712} 100 pg¥ €3 ] sampleZH-E total DNAZ £, 4
ASIHTL}. °]E molecule 7 50 copies’t HEE o o =
FaEL AHEEE9] FPOR olgdl e THEAL Ak
S P3Pt g b FEA ARy Aeg 245
ffete] H=sta 221004 Zzte] FE4 viral DNAE 10-fold
AE EHsti ol FHLE ARGt ¥R s ©
o inputd] U2 7IEOE kel PCR HES-EOA Q] template
copy & ARG on N W AFEHE Hddt dEE
278t

Viral DNAQ| &=

SHES Qe o] 8-3ke] EBV, CMV, HBVS} B19 H}o]
2] genomed 247t FE3)7] ¢J8le] 247 CMvV, EBVS} HBV
2] pol F-7Ael] Agsh= CMV-F$} CMV-R primer, HBV-F &}
HBV-R primer & EBV-F2} EBV-R primer, parvovirus B192] ns
FrAz}el] Ag3h= B19-F9F B19-R primerS Al&sla 24zhe]
primer pairg ARE-5}] WS-8 3]3S Th(Table 1). Predenatura-
tion gL 95°Col|A] 2%, extension conditionS- annealing step
3} 3 68°C 189 2UOZ e3lort. o9 e AR
PCRRME-& Z 23 A3 B19 (175 bp), CMV (350 bp), HBV
(262 bp), EBV (470 bp) E5 AR E 27]¢] SE4HES 811
g 4 AUKFg 1). =3 SZE DNAY F7IME-E B4
A B8k fRAe AYs) dAES Rl wEA £
Agel zA8A 242 primerd> 1 f-3Ake) Age] 7}
T8Il #3 DNA Fie] SE-5 93 5308 AR 7hssith
iRy el

LIS SEE2 AMitS =2o| %X5}

Zkzke] i 27102 target virusoll ek SFwkS-0] 4TH
o7 o]fo|F A= /N nlelelie] FH o] A,
FIAEL] AT FARKE shtel AlFBelA FHEE T
THES G oz AEF 2AE dVide ofge] Uk
aeE® ¥he] 214 dF AT N H5olF whe-s F
a8 A7l HAgME v a4 JANRae st

DNA Hlo|#|29] FAIHE 3

M 1 2 3 4
500 —
400 ~—
300 ~—
200 ~—
100 =—

Fig. 1. Amplification of B19, CMV, EBV or HBV viral genomes.
PCR was carried out using the primer pair targeting for each of four
DNA viruses, as described in Table 1 and 50 copies of each cloned
viral DNA were used as template. M, 1 Kb plus DNA ladder
(Invitrogen, USA); lanel, B19; lane2, HBV; lane 3, CMV; lane 4,
EBV.

SFATH3, 9. TA 7 primerS A-AFSE Tmk(melting temperature)S-
7R EE 2 EE primer sequence’} A5 AR B2
Sto 2 A WSS YOoF|R] B Pt 3], extension
(72°C)#} annealing (55°C) #3S HEZ =3P 7/|d o]y
29| AZolle WrE 94F] oy tEuks 53 Ale
WApRo] of3h oA @] Yeldeng £ & Al ¢
& 7Fss 2511 68°CE Al FEA ANke-S 343}
Aok wAAD. o] e A PzAS A 4F9] nlo]E
gk Hkg-ARE o] T3 e HAEL 9519 thFg. 2). ot
A B AF2A80014 459 primer pairS o83t TR
A ARESE F3sle] B19, CMV, EBVS} HBVY] BAI A%
o] 7F=he BelETh

CIE S84 MitsSe S0l ¥ =

e % SHEd dAvgo g X nlolgx AE
HEAAE HrIs7] f8te A3 cycling 2210l i} dhue]
AEaol| 2z} 50 copies®] viral DNAS 802 3k g
8%9] primer pootd o83l ThE FTHPFA AAHS-S 4343}
At} ¥hE-E9] ARE 2% agarose geloll ] #7195 dho] B4
g Ax Zk Y wlolz2o] tiek PCRYME-S 33 Ao} v}
R tE FREL ARk 2AAME 472t Bl
FHA B AEA o2 SHEE ERISFHTHFig. 2 and 3).

gk A A S ASZ o 83HS W B US THEL A
Hukg-o] Boldo] FAE=A] Algstaxl AE F o)}
Zo] FH|gE "W AR viral genomeS spikingdlil ©|E F3
02 gl Y 2P0 T thE TEHEL JNES-E HFIA
o} o} W SAANZTLLEA viral genomeS spiking 344 &
AEE-E A wkeAZTE L A Aol w22 APAA
25 o= sl HAD viral DNAZ o2 o 53
i JAVEE £33 Ao} vV 2 v Eolzoe=
viral genomes FE 4 JUAThFEg. 2). T3 Y 05 F
a4 AHRREe A=s AA] fI8te ZHhe) S84 viral
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Fig. 2. Specific amplification of viral genomes by multiplex PCR.
The multiplex PCR was carried out using the primer pool (B19-F and
R for B19, HBV-F and R for HBV, CMV-F and R for CMV, EBV-F
and R for EBV). (A) 1 pg of total DNA from human blood cell was
spiked with 0.1 pg of cloned viral DNA. After purification, 50 copies
of viral DNA were used as PCR template. (B) 50 copies of cloned
viral DNA purified from mouse liver tissue after spiking (S) or non-
spiked (P) were used as PCR template. M, 1 kb plus DNA ladder
(Invitrogen, USA); N, No viral DNA; lane 1, B19; lane 2, HBV; lane
3, CMV; lane 4, EBV; lane 5, B19+HBV+CMV+EBV.

DNAZ 10-fold AlE 243 o] FHo 2 ARRsld 9k3-&
F33 A9 34 gzToME out ieER AAHA &gt
I B19, CMV, EBV, HBV Z} 7§ slo]d|& A= 25 5-
10 copies 7HA A A FEHA(Fig. 3). HSo] AlEe]
ol = AF ko) vl 2ol spikingdt AlSE ARREIES
g5 FARE 559 AEUEE KR AthAR viAlA). 19
vg B Ay dA3 o SHEA A2 AR F
M= T1 Whg-e] BolAdo] Hojd uhelg] s itk whHom
o] g8 4 & Aolgla FHHTh

1

[

A ZA oA vlelej2ae] A& JE wpole|zol vk vl
el 9 fa SRe] o8} AW GIEFAL B
Wl olge oY F9 FAPEL JhsA oA 58H 2
= 7}—711 S w3 B9 A ARE BT vlo)e)
2 72Y 4% ARE 2% Yo B2 2ANTE XY
sloe, Pojzkel Hlojeish ZHAE 2 vlollze] BAZ
Zo] vigasich. Ba), 2Ao14BAL A% CMvE B4
of Pl Yol BARY|E ek ofeba & Aol a3 4
Zo] mlole B AP 2P AP HEHS 2
2 oo, A Az Holas AEYon fadth Bud
o,

ylo]g] X

”7

l‘]

Hogs AAANRL o187 B, vl
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<
(A) 882w -
CMY s o s veoms < 350 bp
EBV s Weis o «— 470 bp
HBV W — - -~ -« 262 bp
BI9 e e <« 175 bp
(B)
Virus Expected size of Detection limit*
PCR product (bp) (copy numbers)
Cytomegalovirus (CMV) 350 5
Epstein - Barr virus (EBV) 470 10
Hepatitis B virua (HBV) 262 10
Parvovirua B19 (B19) 175 5

Fig. 3. Determination of sensitivity under the condition of the
multiplex PCR. Each clone of viral DNA were serially diluted and
subjected to the multiplex PCR analysis with the each primer pairs, as
described in Table 1. (A) The numbers above each lane describe the
copy numbers of the viral DNA used as a template. (B) Expected size
of products and detection limits were determined by the multiplex
PCR. Detection limits are the means from five independent
experiments.

A, F2R(ELISA) 2
2 o] BH|E HEsh YA 2
&

E4& AMgsfof &t
ATK(1, 20). Tl-5-©] @%13_7]0“\*‘3 ZA4Y AAF7E 751—7—’ oo
o3t g o] o] BYHsIE R ulejes g WHo 2 F3
o)z Falt}, HIole BANESH AFrHe Bxes ¢l
3 FAFEME B Are) oS Ve FRELAMAN
$(PCR)0] Hjol#i2 Fehgow s Far givki4, 21, 28).
kAT A gsk A ] IMe w3 4 AE7 875
w3t /‘gxﬂzﬂ 3R] ©]8-317] $18iA= PCR
Hel ThE ] -4 AME dYPrgo 2 o nlolyAE
Al Z&%@I & e e FEEA ATl agE ol
Ths, 17).

0% S3Es Ak ARTA gl ARFHF R o
? target FAAIE TEHSR VM 2EM 7 targetoll thated 2
Eo)AS Aok 311, PCR ¥H3-2] Bo|d3) AsHido] gulr]o]
of g2 B2 o targetoll et ¥HEE Aolel] wahkg-o] ¢l
EE k= o] Fasith i AE vlolg]e) goldk Hs
At zh whg-Ee] A7t A7)9E F & EEEHEE st
sich o9} - Alehg aE{sle] Table 191419} 22 primer
pairs A 2 W AR E AR ) o vlole]s &
A% 7153 thermo cycling Z1& FH3IHATHY, 10, 23).
B3], B ddXMe annealmg-\f} extensionS- 68°CoA] 43 sh=
A Wkg-0 2 FARl £F uk3-g YT ZH primer®] AT

l‘ll‘

= L
l' ™, o
rsL tlo
E RS

m9.

-{l‘l

[\
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Eol4e 2771 RS HAaskstac)

HABRE 2300 wet ol Aol PCR RHSE AT
A3} z}ztol| gk 8 ¥H-E FEAS W} viiA R
B19, CMV, EBV, HBV ¥-7 50|80 & FZEUch(Fig. 1 and
2). =& A Al theiME Tk TFEL A9 ol
o] HAHER Yoknr) Asted W Zhiiver) 2H 7 A7F Y
A AlZol| Z+Z 50 copies?] viral genomes spikingd}il total
DNAZ AAle] o]2 FHog 2o zydx o= Fgas
A& B A3 A S vlo]el2: DNAE ©]8-319S o
& AR Fo4 A FFEHUTHEF. 2). 18EE 2 o
Toll A FEet v Fo o]y o] W thE FFaA Adnt
L AA AEE o]&3 nlo]y2e] HE AWPoR 38 7t
Fubdole) & & ok Bg B AR 2= oF 5410
A5=9] viral genomeZtA| FEo] 7Fsgt w9 A4 AP
15 tHFig. 3). 1B T AlFo g EoHo|i: &
7Eg AEo] 7Fed £ A7 Z¥= HBV, EBV, CMY,
B19 sloleizol] i3t JebH oz kA7) glom AHA|m e}
e A Aol 7FeE Aolgkal AlsHErh

Ot

-

flo tle dz o

HAtel &

o] =& 20058hd e FEUISh S AT A YA Y A7
Aol o8te] AFE ] -2(This work was supported by the
research grant of the Chungbuk National University in 2005).
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ABSTRACT : Simultaneous Detection of Cytomegalovirus, Epstein-Barr Virus, Hepatitis B Virus, and
Parvovirus by a Multiplex PCR
Hyeran Sung, Jin Young Joo, Chong-Kil Lee, Yeon Bok Chung, and Sukgil Song* (College
of Pharmacy, Chungbuk National University, 12 Gaeshindong, Cheongju, 361-763, Korea)

We describe a multiplex PCR method that can detect and differentiate simultaneously four different kinds of
DNA viruses, Epstein-Barr virus (EBV), cytomegalovirus (CMV), hepatitis B virus (HBV) and parvovirus B19
(B19). Primers for the multiplex PCR reaction were designed to amplify specific regions of the EBV (pol),
CMV (pol), HBV (pol) and B19 (ns) viral genomes and used to simultaneously detect individual viruses. In
order to achieve optimal sensitivity and specificity for multiplex PCR, the thermo-cycling parameters, primer
sequences, and concentration of each reaction components were optimized systematically. The sensitivity of the
detection method ranged between 5 and 10 copies of viral genome with a mixture of multiple primer pairs. Fur-
thermore, this highly sensitive test showed no cross-reactivity among the four viruses. Thus, the results obtained
in this study provide evidence that the assay system is a good tool for supporting the diagnosis of viral infection
and contamination.



