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Performance Evaluation of Real-Q HBV Quantification Kit for HBV DNA by Real-Time PCR

Sang-Hyun Hwang, M.D.!, Choong-Hwan Cha, M.D.%, Yoo-Li Kim, Ph.D.>; Oh-Joong Kwon, Ph.D.?, and Heung-Bum Oh, M.D.?
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Medicine?, Seoul; BioSewoom Institute of Bioscience & Biotechnology®, Seoul, Korea

Background : Hepatitis B virus (HBV) DNA quantification is important for the management of HBV
infection and identification of the development of resistance. The susceptibility to contamination and
more variable reproducibility of results with the conventional HBV DNA quantification method have
raised the need of a more simple and accurate method for HBV DNA quantification. Real-time quan-
titative PCR assays recently introduced in the laboratory can meet these needs. In this study, we
evaluated the performance of the Real-Q HBV Quantification kit developed in Korea.

Methods : We evaluated the recovery of DNA extraction, the interference of internal control, an
analytical sensitivity, specificity, and reproducibility, a clinical specificity, and a reportable range of
the Real-Q HBV Quantification kit. The quantification result was also compared to that obtained by
the Digene Hybrid-Capture II.

Results : The mean percent recovery was 108.6% and there was no interference with the internal
control on DNA extraction. None of HIV, hepatitis C virus, or cytomegalovirus showed a cross-reac-
tivity with HBV. This assay detected HBV DNA in a linear range from 10? to 10" copies/mL, with the
detection limit of 56 copies/mL. The assay exhibited a low within-run CV (coefficient of variation) (8.7-
11.9%), between-run CV (10.5-14.7%), and between-day CV (13.2-21.4%). No HBV DNA was detect-
ed in any of 100 samples without HBV, resulting in a clinical specificity of 100%. The levels of HBV
DNA showed a good correlation with those determined with Digene Hybrid-Capture Il (R*=0.9827).

Conclusions : The Real-Q HBV Quantification kit showed a good analytical sensitivity, specificity,
and high reliability with a broad reportable range. This assay should be clinically useful in manag-
ing patients with HBV infection. (Korean J Lab Med 2006;26:442-8)
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Aot} AAlol= Amplicor HBV Monitor
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(Roche Molecular System, Pleasanton, CA)7} thE&o|m[1,
2], 3AlE branched-DNA (bDNA) 7]€E ZEOZ dh=
Quantiplex HBV DNA (Bayer Diagnostics, Emeryville, CA)[3,
419} hybrid-capture 7]&% &+ Digene Hybrid-Capture
(Murex Diagnostics, Dartfold, UK)7} thEZo|tH5]. IHu|
Amplicor HBV Monitor®] 739+ #%%(300-200,000 copies/
mL)el HBV DNA 3 7hssh} TEEIME A840] §
A E A G do] glow, o]of Hlks] bDNA} hybrid capture
P TR A7) mEl GEXT ARk o R JFE dlel X
S(>10° copies/mL) el tielA 2t Ao 7t Agk
o vlolg e AESHA] Xoke dA7F UNATH6]. HAAdE 10°
copies/mL ©]&}91 739 H]&FA B FA(inactive carrier) 2 7t
FEo] YA dAol Wkon, =ARER 10° copies/mL ©]
St2 Holzl o]Fol| = thA] Adste AlElEe] o] 10° copies/
mL oJsflNE A3et Gk e ¢ s W8It TS
. webA BEE AR FHAFE bDNA 22 hybrid cap-
ture WO Z 3lth7} 10° copies/mL ©]stE HojF A&
Amplicor HBV MonitorE ©]43}] thr] AARSIATE o]#eh
olF HARA Y HHES HeletHA Bt 7histal st HBV
DNA A% 7% "oge] A7HA= H Arpae] By
I Je AA7F A PCR (real-time quantitative PCR, RQ-
PCR)& o]&] 8o 238 4 9l= 7ot 7-9].

RQ-PCRE 7|E¢] PCRAE 2 $F=S 308 AT
HA&sle Z0E F& TagMan probe 9E]E o]-&3TH10]. ©]
= 7129 PCR¥ frAbsht H3d 57} w38 gae 33+
o] Ho|&AH(fluorescence resonance energy transfer,
FRET)& ol43tths Ho] th2ui11, 12]. &, Ba U By
A 2 (reporter dye: FAM, VIC, TET, HEX) ¢ d4a3g <
AL J= A A (quencher dye: TAMRA)E A=z y
ZJoll 4] DNA polymerasee] olate] A|ATF &M, FZEF7]n}
ZE0E Walsiel Z710E B9l 2EE AINCE S
TH13-15].

£ Ao xE Fujel A /HeE HBV DNA RQ-PCR Aol
el AARE ARgell A HAFIES] A5d7t AdE et
A4 gtk A5 G AFE W, FAECIE, IAd5o|g,

o

el

% 5L

oxl R

1. ST UM 7|1E

£ Ao e ABI PRISM 7000 SDS (Applied Biosystems,
CA, USA) 7|71 o]4£3}] Real-Q HBV quantification kit
(BioSewoom Inc., Seoul, Korea) S H7}3}9=H, HBV DNA
A% e e e o 2tk QlAamp MinElute
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virus spin kit (Qiagen, Hilden, Germany)& A3t €3 200
pLoelM 2% 30 uLZ HBV DNAE FZ3ith olw) Y& o
Z(internal control, IC) DNAE H7lsle] 3202 it
£ 9 2% BP9l 0R7 92T BAT RS A 5
uLe] %% HBV DNA % Real-Q HBV quantification kit}
HBV standard DNAE 20 yL¢] ¥H&-E3E (master mix)ol] &
3122 ABI PRISM 7000 SDSE o]4-3}4] 50°C 2%, 95°C 10
& O] F 95°C 202/58°C 30%/72°C 30%E 453] WHEIGITh

"2 & HBV standard DNA 9] E%o] T3} threshold cycle
(Ct) #CE standard AAg A o] Al thu|ate] A9
HBV DNAZ copies/pL 9] @92 A&Fst4ch Standard A4
ol Al4kel HBV DNA 5% (copies/uL)oll % %% DNA +
S(UL)E FHL FE) AT B39 K02 mL) O o]
o] A 1 mL W A3k HBV DNAE AlLtsksith

ZAF Al ARE-8R= HBV standard DNA ] A4ke o33} 7,
HBsAg® 4¥-E PCRE Z%3l 3 pGEM T-Easy Vector Sys-
tem (Promega, Madison, USA)9] AR wa} vectordol
AFlslath AMdEl DNAE ECOS101 (Yeastern Biotech., Tai-
wan) HZo| =Yt wjFE F SeATE DNAS F33191
t}. NanoDrop ND-1000 (NanoDrop Technologies, Wilmington,
USA) S AHEate] Za}2n= DNAY $55 423 5 Nation-
al Institute for Biological Standards and Control (NIBSC) 2]
WHO HBV <A ZFE(97/746) & AMHE-8le] BASH T

HBV DNAdlE VIC FHAE, WitxzeZdde= FAM 9

AAE Fste] M) oM HESL WRthEEd

Ct W97} 33£3 cycle oWl E& AL eIt &gt
uheuith PCRE 28S Eelsly] 98 S/HTE AHEE o490
oA S0 At U EAE e, AFE ¥ IFk
AEHE] EEZS FA ARl 449 W9 W ts Ag g9l
ATk UF A= 7Ed FAES A-E w4 AARIEE
BE A tisl Ao

HBV viral DNA assay validation kit (AcroMetrix Corpo-
ration, CA, USA)E AME3lY] 71E9 3482 Hr18ih &
A7 ¥3Fsle] 7|1E W 200 IU/mL Q] EE5FE 20x107 U/
mLel w7k 108) FEA)E Uehls 6] E2E22

% A8 ZH3] 98kl ACCURUN 325 HBV DNA
Ok 2714 (BBI Diagnostics, MA, USA)ES HBV 2A4¥#
02 3A3te] 225 copies/mL, 1125 copies/mL, 84 copies/mL,
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56 copies/mL, 28 copies/mL FE2] A AE wrEo] ARE-EIY
o 7 w5 50 HHE AALE st

4. B0 E7t

Architect HBsAg (Abbott Laboratories, 1L, USA) ZA}o
A SA°l 10044128 ACCURUN HCV RNA performance
panels (la, 1b, 2a, 2b, 3a, 3b, 4, 4h, ba, 6a FAAE), ACCU-
RUN HIV-1 RNA performance panels (A, B, C, D, E, F,
G, H +4d#}8) 183 ACCURUN CMV positive control 7
A 19718 o143t FUZANN RQ-PCRS Agsty wayt

FE el

5 HEx

08!

7t

1X10° 1x10° copies/mL *¥%¢ HBV standard DN
AHE-ate] NCCLS EP-59 e} 2097 870l 2A17F o] /39]
Ao 280 e AlGeelT, o AT delh % ks

sttt o] A5 o]&3td AARIE (within-run), AARIE

(between-run), AL 7H between-day) AUEE H7letth

JIN‘ L U>
oNoox Y

6. 2MM It

NCCLS EP-69] w2} HBV standard DNAE A& &4 =
2 10" copies/mLoAIA 101 copies/mL WH$lolA 108fFE

2 3|48 Fro thal(F 117 F5) ZF sEvit) 83 ke
sl AXAES Frhstch

AN e

y=1.0328x+0.1447
R?=0.9934

Observed HBV DNA, Loguw copies/mL
S

O L L L L L L L J
0 1 2 3 4 5 6 7 8

Input HBV DNA, Logw IU/mL

Fig. 1. Quantitative correlation between reference from HBV viral
DNA assay validation kit (AcroMetrix corporation) and observed
value by Real-Q HBV Quantification kit (BioSewoom Inc.).

7. AEM H|w

NCCLS EP-9¢l| we} theket ¥Hee] 528 7He 40719
AAE o]&3}e] Digene Hybrid-Capture II (Murex Diagnos-
tics, Dartfold, UK)B} HYslgoH, 7 srEE T WA ukE
4% T HAPS ARSI A RS o] Este] AL
7

8. W5 c=ZZ(intemal control)2 PCR HtS ZHd0iE
ot

IC8 PCR W& Mo RE gRIs] st it & A,
HAF 2 puLe) ICE F7H 799 5
dst #34& AAH RQ-PCRE st
ICY Ct W97} 33+3 cycle]
PR 2L

Rl
N

9. SH=EN

A A% 55 probit F4E B3k 95% 1B 5T o
23197, EAld o] &3t EAAZEY o= StatsDirect (Stats-
Direct Ltd., Cheshire, UK) o1tk AXAE& H7tsl7] 98 okt
3| HEAE AT, t-testZ AABIATE HARE A B4
2 A AEAS o] &8ty P<005Y W EAHOE §2]3
202 A3 574]/\:35"]01-“— SPSS version 13.0 (SPSS
Inc., Illinois, USA)S o]-&3}3ith

2 1
1. HBV DNA EZ=22&9| 3|2 HJ}

488 2T 200 IU/mLY] F=FE 20X107 [U/mLY]
FE7HA 6709 BEEEA Uig B7F AAE Fig. 13 234 6
Mol BFEA 7R thg #5A9] A IFES 1086%
o], 71€7]1=1.0328, R?=09934%Z Real-Q HBV Quantifi-

cation kite T w9 HBVI thete] 58 Jves 1
ERftHFig. 1).

Table 1. Detection limit of Real-Q HBV Quantification kit

Result
Input HBV (copies/mL)
Replicates  Positive reaction %

225 50 50 100
1125 50 50 100

84 50 49 98

56 50 48 9%

28 50 39 88
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2. 4

=

A

W
o

A% WAE AZs) Y3 Age AAA Real-Q HBV
Quantification kit 56 copies/mL (confidence interval 41-84
copies/mL) ¢] HBV DNAE 96% ¢ ¥IEE AT F AW
\ﬂ-?i 28 copies/mL 9] 749 88% 9 HIEZ AZHUTH Table

). wA, A% FAE 56 copies/mLOE ATt ‘?l =4
s_} A5E ol & Probit TAAM 9% AHrEoR A=
A% A9 HBV Ak 51 copies/mL o]tk

Table 2. Analytical specificity of Real-Q HBV Quantification kit

Internal control

HBV (VIC) AV

Cytomegalovirus -
Hepatitis C virus 1a -
Hepatitis C virus 1b -
Hepatitis C virus 2a -
Hepatitis C virus 2b -
Hepatitis C virus 3a -
Hepatitis C virus 3b -
Hepatitis C virus 4 -
Hepatitis C virus 4h -
Hepatitis C virus 5a -
Hepatitis C virus 6a -
HIV A -
HIVB -
HIV C -
HIVD -
HIVE -
HIVF -
HIV G -
HIVH -

B T T S S S S S e T T T

VIC and FAM are the reporter dyes.

=
o
T 1

y=0.9861x+0.1053
R?=0.9908

(Logw copies/mL)
o, N W bk 0Ol O N 0O ©

Estimated HBV DNA concentration

0 1 2 3 4 5 6 7 8 9 10 11
Nominal HBV DNA concentration (Log: copies/mL)

Fig. 2. Linearity range of Real-Q HBV Quantification kit (BioSewoom
Inc.). The straight line was determined by a linear regression of
the log 10 estimated concentrations with the log 11 nominal con-
centrations. Linearity was found from 10? to 10" copies/mL.
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3.

Am

0=

HBsAg &4 84 100 7AA 2 ACCURUN HCV RNA per-
formance panels (la, 1b, 2a, 2b, 3a, 3b, 4, 4h, 5a, 6a +AA
&), ACCURUN HIV-1 RNA performance panels (A, B, C,
D, E, F, G, H #423) 12|37 ACCURUN CMV positive
control|A] HBV DNA7Z} ZZEZA] o} A Eo|LE 100%
o] tH Table 2).

4. MUz

1X105, 1X10° copies/mL F ¥%ol thall A &
S 247 87%, 119%°102H AARAEZY CV e A=

10
]
@ 8r <
Lo *
Sl
eg
§5 ¢
® S
£C
Sz 43
ST
; o4 y=0.9358+0.9558
oy, R=0.9827
ITrx
)
o
—

0 | | | | J

0 2 4 6 8 10
Log10 HBV concentration (copies/mL)

Hybrid capture I

Fig. 3. Quantitative comparison of Real-Q HBV Quantification kit
(BioSewoom Inc.) with Digene Hybrid-Capture Il (Murex Diagno-
stics).

(2]
T

~
T

y=0.9986x+0.0118
R*=0.9999

control (Logw copies/mL)

N

HBV DNA concentration without interna

0 2 4 6 8

HBV DNA concentration with internal control
(Log:o copies/mL)

Fig. 4. The comparison of HBV concentrations measured with and
without internal control.
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105%, 147%°1903, HAANL7E CV e A= 747} 132%, 21.4%
olAth.

5. X|MM
Real-Q HBV Quantification kit9] 2442 101-10° copies/
mL B9 ¢ 10! copies/mL-E AZF A o3}, A& A9
a3k 56-10" copies/mL W91 A5 AP35 Ed(y=a+
bIX)Oﬂ/\i by=09132 (P=01832), A 37 Edl(y=a+bX+
Yol A= b,=1.1263 (P<0,0001)E Z|AAo] §A|=5A ¢S
X5 z}o a3tk 102-10 copies/mL Y IME A& 5] Rdo|
235 TH by =0.9861, P<0.0001, adjusted R*=0.9908). whz}t
q, E Al 10%-10° copies/mL HEolA Aol fAEES
& AUSITH(Fig. 2).

>~

s

6. ZAHH |

Digene Hybrid-Capture 194 10° copies/mL ©]|3}e] 23}
=2 2399 127 AA= Real-Q HBV Quantification kitellA] 0-
15,862 copies/mL 2] thFst A3E H ) 10° copies/mL ©]4
o A= Y 287 AAIME 71€71=09358, R?=09827¢]
2 WS JERISITHFig. 3).

7. WS ==E(c)el PCR S 7Hd 08

ICE AMHE3le 759k AMEaiA] gbe 5 A 3ol Afolrt
glol 71€71=09986, R?=099999] £ AL UrE}q]Oh:}
(Fig. 4). Tt AAZI7E F< WRUZEA] Ct HY7L B

A

33%3 cycled] EoY7l= AL AT

9
o},

2 md

F 33] FARG E}UH‘:‘(lamlvudln ) 94 —TL Fol 9y
3] A= ok 9 BY 7HA SAbECIA ahé W HBV
o] AFAY ZA42 A9 dTE oS A5 WS Ut
ato] 59 AlF FEE A5k o YA wg o9 A
o] 277} "}l &3 lamivudine? WAL X8 1d o|%F 14-
32%°NA R, A8 2 0] AuE 38-56% 4 WerdTh w
ZHA lamivudine WA HBV ] 7] 24 L &) ¢ wzkst HBV
e lamivudine WA A 5ol B83i

o,

s 358 - 2R2) 9 20l

SellXl HBV DNA A% 918 el oldH+ Arhdle
Amplicor HBV Monitor test, bDNA test Z12]3 Hybrid-Cap-
ture test E°] ATH17]. HBV DNAE 2% =Zsl+= Amplicor
HBV Monitore %2 552 HBV DNA ZlAlo] &&3 o1
HBV DNAe] -3¢ g4 N1dE S5k bDNASH Hybrld—
Capture %< FE9 Al &&Holt6]. ¢+ HBV
DNA ¥%7}10° copies/mL ©]3}¢l ¢ H|E=A H-FA}(inac-
tive carrier) 2 7FHrEo] YA 072 FHAlo] Yeko L}l Amplicor
HBV Monitor WHOZ HBVE AFFHo 7 =A3}o] 200 co-
pies/mL ©]3}e] A= AEo] 37%, 1,000 copies/mL ]3¢l
A= 13%00 A Adsitl= Ea7t 91ef[18], 10° copies/mL ©]

AR o), 1L ofslell M 8 Aol 7hsd MER A
7IHo] FasHA =k

RQ-PCR] 7M¢ & A2 8914 10 log9] W& 574 HSlE
7L ok Aol sk AAZIO R ¥F AT E HAE] o
o % & W79 5s sk Aol B2 ‘”01 AR A|7be)
HH]-E"7 74/\]— }\] tﬂ-/lgb‘]- el 1 3
ATH19]. A AAM A Hol ARE-H 3 ﬁlt RQ-PCR 7]7]¢]
ZHEE ABI Prism 7000/7300/7500/7900HT SDS (Applied
BioSystems) ¢} LightCycler (Roche Molecular Systems, Rotor-
Gene 3000 (Corbett Life Science, NSW, Australia), COBAS
TagMan 48 analyzer (Roche Molecular Systems) o] ith
[20]. E3 RQ-PCR®] k3 415 A% P2l w2} A |57t
tt DNAd 7]o5ef7ke W23 @AAte] 338 RAA7= W
Aoz s 4 9Evl AAE SYBR Green [ #3937}
0|1, A& TagMan, Hybridization, Molecular Beacon '
ATH15, 20, 21]. SYBR Green I F9EE M3l 4
HohHos AP WECE N43) NUANE AT 4
el oy, BAAE olgat YA Solest vt
Aol Sleis]. Wl wolzls Qakst 2ol A AstE
2 s 29 BAAE ol8aE Zo] wHHold),

RQ-PCROI $lef 7P F82.8 vlolel= 44 S%F7](thresh-
old cycle) &, Ct golth Ct PCR Folx SFAHE0] &R
8 Z7K517] AR AR PCR cycle 25 gk 2 ¥l
B BYAAM (reporter dye)'dl oate] 7= FFe] ko] d
A 71F ol Egste SEF7101 Zolth A ZAlel HBV
DNA %] #om oA Ct gholl T3 ZAo] HBV DNA %
o] o %—3— cycledA] Ctoll EE3lA HEE #FEH9 Ct
o™ A9 Ct #he B3kl e 7419 HBV DNA
3171] HrH1s5, 22, 23],

oA #7kek Real-Q HBV Quntification kitE RQ-
PCR 9g& AM3lA HE A= 56 copies/mLZE ©]= Ho
=[2419 HI(250 copies/mL)H Tt 43 A7o]H, Roche
COBAS TagMan HBV Test (34 copies/mL)9= H]$=3t &
ZFo|QtH25], AMAE COBAS TagMan HBV Test (170 to
at least 85X10° copies/mL)%} thE3F$itH25]. HIV, HCV,

7‘0

e rr %2 o of
o rir rfr 2

ko
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CMV 5 F8 wpo|28 wap vh3-2
Odo 2 3 AdEo|x Te 100% 2 948 A
1X10°%, 1x10° copies/mL F 7H &
AW ALE7F 87-11.9%, AARARZY ALDE7F 105-14.7%,
AL AR} 132-214% [Tk Weiss 52519 o
&) B B HAel FA18E HBV DNA 558 Kol 37k
4] COBAS TagMan HBV Test?] AUEE ZAARIHW A%
7} 79-11.6%, AAREZ FUET} 13.0-186% 2.2 2o|7F A
o] §1902m, Zanela §[26]9] AFollx= AARRE U=t
19.3-35.8%, ZAAMFEIZF AUET} 93-339%F B ALY AYE
T HBV DNA7V} %2 FEME -8 A0 ATF ek
Digene Hybrid-Capture 119} H]Zo|M+ R2=098% 3¢
AB9E By ST £ Aol ARE-S Digene Hybrid-
Capture W& A% 37} 10° copy/mL oo 2 JHTH ¥
< FLAA EF AAME I e ERlEA] Rekdth 2 A
AP FAFEE Tagman probe WHHS ©]4-31 real-time PCR¢I
COBAS TagMan HBV Test®} Amplicor HBY MONITOR
test9] A HlZ ATl R2=095759] AARAE Hols
Ao g 424 9t 27]. Digene Hybrid-Capture 119}¢] 948
FA2, 10%-10° copies/mL H91olA19] 8 A4, 2.0x10%-
2.0Xx107 copies/mL ¥ E= DNAJ| that A&3l 3+&-S
THE uf B Ao A AFE3F Real-Q HBV Quantification kit
g 10° copy/mL ©J3lIME e FdE BY 02 A
9t} 53] Real-Q HBV Quantification kit ICE ZA|9 &
33l DNAE FE317] Wito F234oMe S/E 15T
& 9IEE 7otE)Qlth Real-Q HBV Quantification kitel|4] A}
E3(target) F12 S o 7HIAATE HA

L3l Ice

Hoe GIT F AT S ICY CtE FATC R SEIA
AHE AT F AT ole B ATIES Aol oA
2t

rir
o
Y
o
X

2)
cation kit (BioSewoom) , AAXA Bolr, AYE
59 Aol o] Al AFel HlE] £alo] Gtk Fets = Hf,
HBV DNA 428 ol&3 w4 BY 29 A5e] #4830 #
S51A AFEE 4 9E ASE FdudEn.

HHZ : Hepatitis B virus (HBV) DNA B 2AAR= 3Jujo]g]
ZAA L] A, AEES 4, W HBV S 27] Xg 5 HBV
7o) A5E 8 Fesith 2 AAe BEEI s real-
time quantitative PCRS 7]2¢] HBV DNA ZAMHe @HE
S HgleiA ot 7Hsia A8et HBV DNA A% 7]#olth
£ Apellres A FulolA 7/19E Real-Q HBV Quantifica-
tion kite] 44%5& H7Hstth
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HiH : Real-Q HBV Quantification kite] 348, 7% M),
A5 9 AdEo|x, AUk, HAA WS, I3 Digene
Hybrid-Capture 119} %3473} internal control (IC)¢] 7+ %3}
& pHas:

2 HF %3582 1086%0198H, FY AA A ICH}
o] 734 WZo target FAAR] FEo] A FHA 52 A}
At} Hepatitis C virus (HCV), human immunodeficiency virus
(HIV), Cytomegalovirus (CMV) 1971¢] <A AA <} waak-e-
< fglen, & Ak AEALS HAAREI HolAlS 87-11.9%,
AR Mol A4 105-14.7%, HAAIEZE HolAIS 13.2-214%
£ B4t A% A= 56 copies/mLoIR O™, H W= 10%-
110" copies/mL |3y, HBV &4 10074AE o]&3le] £4
3l AdEo| == 100%°]%02, Digene Hybrid-Capture 119} $-
#AAE HATHR?=0.9827).

2 ATE =319 H71H Real-Q HBV Quantification
Z M, Solk, 2 NS Bilon, 7|E9

F AR g2 Wele] HBV DNAE 4 E
4 9ol HBV 74l A g9 WA HBV %7] gk mj$- f-&
g Ao dEr
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