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Nucleic Acid Extraction for the Quantification of Cytomegalovirus and Epstein-Barr Virus
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Background: Availability of an international standard will improve the standardization of quantitative PCR (qPCR) for cytomegalovirus (CMV)
and Epstein-Barr virus (EBV); however, nucleic acid extraction methods may affect qPCR results. This study was designed to determine whether
routine measurement of DNA concentration and purity is required in gPCR for CMV and EBV. In addition, the performance of the automated
QIASymphony DSP DNA Mini kit (Qiagen, USA) and the manual QTAamp DNA Blood Mini kit (Qiagen) in extracting DNA from whole blood samples
was compared.

Methods: The concentration and purity of 300 extracted DNA samples were determined using a NanoDrop ND-1000 spectrophotometer (Thermo
Scientific, USA). A total of 72 and 54 whole blood samples were tested by artus CMV and EBV gPCR (Qiagen), respectively.

Results: No correlation was found between DNA concentration and EBV DNA load or between DNA purity and the PCR inhibition measured by
ACq (the difference between internal control Cq of the sample and that of the negative control). Quantification of CMV and EBV DNA using the two
extraction methods showed highly similar results (rho=0.946 and 0.887, respectively). Of the 29 specimens that yielded CMV DNA by both meth-
ods, however, 8 specimens (27.6%) yielded higher CMV DNA loads with QTASymphony.

Conclusions: Routine measurement of DNA concentration and purity is not necessary for gPCR of CMV and EBV. The automated QIASymphony

outperformed the manual QTAamp Blood Mini kit in extracting CMV and EBV DNA from whole blood samples.
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2172 CMVe} BBV that ol L A4 Sptole A A2
7} S7FelaA, HUER HARRA] CMV, EBV DNA &2 919t 4
AJ7F PCR (quantitative real-time PCR, qPCR) ZA o] HHS}ES]
t}3, 4]. CMV, EBV qPCR #AF= Conformité Européenne (CE) T
= ma AJZ0]oFZ oA 2|(U.S. Food and Drug Administration,
FDA) 50l= €2 Al o8 7hsotets-7). Eek CMV
qPCR FA} 7|EE-L 20108 WHO7} AJ&sto] Al A 3%
ZEZ(NIBSC code: 09/162)2 7152 2 HA(calibration)=]317]
o], “TU/mL’ E= “logy copies/mL” T2 B 11 7}55}e}HS].
EBV qPCR HAM= 2011F5E WHO HEEEZ(NIBSC code:
09/26002] °]-§-0] 715 S FEHIL

o]&} o] CMV, EBV qPCR HAPHES] 3= Hol o Fo13l
A9k, qPCR HARS 913t AAF &0l tisfiA = #E2He 7o
Zaklo] gli= AAo]tH10]. College of American Pathologists

(CAP)= qPCRE] 7% U H ol &2 (internal control)2 AL 25
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o] HolRl 9] o] AahE woliA] BrKES TehCaP
checklist. MIC.64025). Clinical and Laboratory Standard Institute
(CLSDE= WHt=EE Aol theh 213 AlAskaL QIEH1L, 12).
2009¢19]] ¥F2% Minimum Information for Publication of Quanti-
tative Real-Time PCR Experiments (MIQE) A|H- qPCR +=2]
AR} AN, B o] g A4 E A o) Sk 2
of ek BATLE AASHL o3l o] Aol DNAS 233
5ol AA BT 717, 35 71EQ o], 3R ARERE A
o0 ZHAIRE 1, RNase S AH8-5H1S 739 A 2] W, RNA 2%
O e, 3iko] o Bake] le, B 0] -8, AR X7
& A AAA AAHEA o] w2 Cq (quantification cycle)gte]

ez 28 BN S AT A Awsha ek 18

=
W AAFEA CMY, EBV qPCR HARS =91 off Zp2to)
ARl Akt st 2ERe Adesljof shm, AR 1757}
AAY BA 7F A2 A5 7ol Rt iSRS ol AF
8]tk ol At A= CMV, EBV qPCR HAFS 9i7t it 35
ol A MIQE Z|3JoflA] A=l iAte] o2, A2 5717h L4
o Wagh] ojRe} g, 47143 455 Sk
a0l At AAPAOIA gkt Sk 2E0 =9I o) el
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DNA A&}t £% 222 QlAamp DNA Blood Mini 7] E(Qia-
gen, Valencia, CA, USAZE 47| F&3F & EBV qPCRE At
3007 & DNAS thee 2 siSie) 7] S-S A58t
20 Bl CMV qPCRo| 128 724e] AL} EBV
qPCRo] 92J¥ 547}0] &S /o = sh¢irt.

ol Aol ARE HAIES BT Aol Aol mhE A
7F 3% 2ol HA|R, oJEEtE o] AREESIT o] A=
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300712] SAF 2EE-2 NanoDrop ND-1000 Spectrophotome-
ter (Thermo Scientific, Waltham, MA, USA)E ©]-&35}o] 260 nmo]|
A BiAte] 52, 280 nmollH) Hhule] BES Zela, $3H

AAbe] S A260/A2800) 5 Z74510] B7kstsc Aol 7}
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PCR 7]E(Qiagen)®} artus EBV LC PCR 7] E(Qiagen)® =75}
o} qPCRE =5 DNA 10 pLE AH8-5k0] 24 25 L PCR HH-g-2H
© 2 AABker Light Cycler 15 (Roche Diagnostics GmbH,
Mannheim, German) qPCR |04 Z£Z& 9 A3}t
QIASymphony DSP DNA Mini 7|E& FZ3F AR QIASym-
phony AS (Qiagen) AH]of|A] artus CMV QS-RGQ 7] E(Qiagen)2}
artus EBV QS-RGQ (Qiagen)= PCR £3Hz-2 WHE2Ich HE-S-012
21 20 uL9] DNAS} 30 pL] PCR AlCFE E330] % 50 1]
o1, Rotor-Gene Q (Qiagen) AH|of| A ZZ
e AzAe] AL 2astol Ak AR b B 3
= 919l gPCR S5k #0171 05 logi copies/mL H]H 79 =
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P<0.052 9Ju| QA sjAstgon B4 =& 18-S MedCalc sta-
tistical software version 15 (MedCalc Software, Ostend, Belgium)

1} SPSS version 21.0 (IBM, New York, NY, USA)& A8-5}%ich
74 II_I.
1, s4Ato| &2 W A9} EBV qPCRE! Bl
QIAamp DNA Blood Mini 7]E & 2% 3007]2] A3 DNA

%, EBV Afgto] +/d01ld 1647] HAS] DNA 5= 39.1+
31.7 ug/mlL, 3 logi, copies/mL T|9F 807 2] DNA &= 484 +
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Table 1. Effects of DNA concentration on determination of EBV DNA
load and DNA purity

EBV DNA
Negative <3 logio copies/mL = 3 logio copies/mL
(N=164) (N=80) (N=56)
DNA concentration 39.1+£317 48.4+260 477 +£224
(ng/mU)*
A260/A280 1.93+0.28 1921013 1.98 £ 0.21
Internal control Cq -0.14£0.82 -0.14 £0.66 0.08+0.87
(ACq)

*P=0.198 by One-way analysis of variance (ANOVA) with Bonferroni correction.
Abbreviation: ACq, internal control Cq of sample - internal control Cq of negative
control sample.

Table 2. Comparison of ACq and DNA purity of EBV determined by
qPCR

A260/A280 ratio
Ratio<17 17<ratio<19  Ratio>19 P value*
(N=25) (N=114) (N=161)
ACq 001+£113  -007+079  -0.15+074 052

*By One-way analysis of variance (ANOVA) with Bonferroni correction.
Abbreviation: ACq, internal control Cq of sample - internal control Cq of negative
control.

26.0 ug/mL, 3 logie copies/mL 014 S6HA| 2] DNA e+ 477+
224 pg/mLo|¢JTH(Table 1). EBV DNA &4 A5 DNA %%
+ 3 logi copies/mL 79F HAE2] DNA 5% Hr} 5-0]81A] @Sk
AHP=0.024), +/3%1 HAET} 3 logi copies/mL o)/ AAIES]
DNA Fie= Apo|5 Holx] baton, 3740 Fato AHufA] &
AREA 0 & v WSS ) ZFol 7} TP =0.198).

EBV qPCRZ}o] SAdo|9ld 1647 AHC] DNA 4% 193+
0.28, 3 logiy copies/mL T[9F 807A|2] DNA %+ 192+0.13, 3
logiy copies/mL ©]A} 56AA2] DNA == 198+ 0.21=2 z}o]7}
SITH Table 1). A260/A2808]7} 1.7-19 H<]Ql AA|LF A260/A280
H7} 17 vjgk = 19 231 AA| Atojo] WRti2E4S] ACq
Z}o|7F Q19T P=052) (Table 2). A260/A280H]7} 1.7-19 H<]Ql
1147A19] ACq= -0.07£0.795.01, A260/A2804]7} 1.7 1]gkel
257A12] ACq= 0.01£1.13, 19 23] 1618A4|9] ACq= -0.15+
07453tk 3} 424231 DNAZ} 8t 4= 9)= A260/A280H] 1.8 A= 2
AAOA ACq #E7F TheFsllom, DNA ==} 7] E U Lol
Z549] ACq Atololl= ST Zol 7} YISITH(Table 2, Fig. D.

ACq7} +1 o2 238 A (779 01, o] HAES] A260/A280
H]= 1.8740.22, EBV A2zl 842 1274|(52.29%) %t} ACq7}
+2 o1 SHA1.79%%.01, o] AAIES] A260/A2808]+= 1.71+
0.22% 53HA| B EBV AwFgho] &/dol3itt
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Fig. 1. Distribution of ACq (the difference between internal control Cq
of sample and that of negative control) in terms of DNA purity.

CMV load by QiaSymphony
(logio copies/mL)

O 1 1 J
0 2 4 6

CMA load by QlAamp DNA Blood Mini (logio copies/mL)

Fig. 2. Correlation between copy number of CMV DNA in whole blood
after manual extraction by QlAamp DNA Blood Mini kit and auto-
mated extraction by QIASymphony DNA Mini kit (Qiagen). Spear-
man's coefficient of rank correlation (rho)=0.946 (95% confidence
interval [Cl], 0.916-0.966, P<0.0001).

2. QlAamp DNA Blood Mini 7|E2} QIASymphony DSP

DNA Mini 7|E ZFZ'Hoil [E CMV gPCRZ} H|®

CMV qPCRE A8J3t 72734 % QIlAamp DNA Blood Mini 7] E
2} QIASymphony DSP DNA Mini 7|E 5% & tf 9442l AA
£ 297A140.3%)%1 .01, o] F 87A|B/29, 27.6%)°141 0.5 logw
copies/mL ©]A4} CMV qPCRZES] X}o]& Ktk 8HA| HF=
QIASymphony DSP DNA Mini 7|Eo]A &3 DNAS] CMV
gPCRZYo] =4 &4 ckrange, 0.61-1.45 logi, copies/mL). &
T4 oA qPCREEo] S/301E A= 4070(55.6%) %
374)= QlAamp DNA Blood Mini 7| Eo]|A] 32231 DNASJ| A=
24101 AHE QIASymphony DSP DNA Mini 7|Eo|A] &3t
DNAo|| A= oFAo|lom, AR 2.4 logy, 2.5 log, 3.2 logi
copies/mLE Wtk = FEHHO 2 A2 DNAOJA] 43 CMV
qPCREES] A= Spearman /A 5=(tho)= 0946 [95%
confidence interval (CI), 0916-0966, P<0.0001]°]1th(Fig. 2).
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w
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Fig. 3. Correlation between copy number of EBV DNA in whole blood
after manual extraction by QlAamp DNA Blood Mini kit and auto-
mated extraction by QIASymphony DNA Mini kit (Qiagen). Spear-
man's coefficient of rank correlation (rho)=0.887 (95% Cl, 0.812-
0.933, P<0.0001).

3. QlAamp DNA Blood Mini 7|E2} QIASymphony DSP

DNA Mini 7|E F&%0i| 2 EBV gPCRz} H|w

EBV qPCRZ- AJ3J5t 5474 % QlAamp DNA Blood Mini 7] E
2} QIASymphony DSP DNA Mini 7|E &% & T} %A 213
(389921, o] Z 8AHA|S/21, 38.1%)4] 0.5 logis copies/mL
oA EBV qPCR 2}o]& HRIT] 7734+= QIASymphonyoll A &
3t DNA7} #=9F2H(range, 0.53-1.42 logie copies/mL), 1A=
QIAamp DNA Blood Mini 7]Eof|A] 323+ DNAZ} 2=9kth(1.32
logio copies/mL). & T} 5/3% AAl= 298453 7% 4841=
QIAamp DNA Blood Mini 7] Eo|A $Z35F DNACJ A= 2AJ0]3
A9t QIASymphony©f| A &% DNASA = FAdolqlom, 212t
O] A2 29 logu, 29 logi, 3.0 logu, 3.1 logi copies/mLE S
AUtk T FEHoR AL DNAA ZA3F CMV qPCREES]
Spearman A4 (tho) &= 0.887 (95% CI, 0.812-0933, P<0.0001)
o19ck(Fig. 3.

AR WS
TH16), HFol 2 Ak HARS SIRt A 5 & Qo= ofd
845 Aasfor E=Alol tieh A3 %‘—*ﬂﬁk o[ EBV gPCR
Aol 4] 32 DNAS] =9} tpol2|2
g 7o) lolck wetd gPCRS: 913 3
Z0] SAL AFL B1 95} 7) 0 & Tslt) T3 EBV DNA &
Sk A260/2802 278 DNA & Atojofl = Fheo] giglon,
DNA I of LR 2520 ACqgt Abelef= 51

o} o]= A260/A280 S o 2= AAEHS EAE o] A &
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X8 e dlo} ke Sl 7148) 248 BasiAe
U QAPHL Z0AF THAelA] el RNA 9, B4k o

Ch L
T 5e AT g gl Zlo 2 dusyirh13). WX
7} qPCR Il Af= YR 2 E4-E H7kskaL, Y tilxE49
Cqglol 81-8-gk el ==A] o7t F-asithil, 12) Witiz=
A9] Cqgte] 8l8-ghe 23k ) 25E AR SlAeh & Y
254 Cqgrel Ws) #2 DNAS) Cqglat 4egte) Wshs o
7Fgre 24 PCR AAIAIS] EA) {75 7P BE8A| B71skaL
A 4= QAH3, 17).

HA=EE HtE FEote IS AHsshe 714} vlast
o I B5& /IS B ofel 59 of] dAlClA HA 7
SHE WA = AL, AAS] Y]t a2 H A
& Qleh= Aol Qlthie, 18, 19 T A F5 A &
3, AA] et 8, A 4= 5ol whek 7ol o siit
ZZo| WhEA] Qs 707} Qlek whaba] S7]Ho|| o]at Al =
E3} 253} 77100 O3 At &S wlasto] o] AjolE

i} Hi1 Ao s£ofste] FelSol AHE sh4st= bl =0l

jﬂ iy

5 Shofof RITH14]. DNA Hpoj2]2o) Ak 25 Winio] digt
ulL— OV i wolelol sl . 8717 ol e,
o vl B AT

i o) 2 o e} qrCR M b e
S Apolgt vlwd 4= Q= 9w EEQITH0-22). Y
Abbott CMV PCR 7|E(Abbott Diagnostics, Des Plaines, IL, USA)
£ Ahg el Al 7K A5e SR EES Bl Ao,
BioRobot EZ1 S5 &2&of EZ1 Virus 2.0 7| E(Qiagen) & A&
3192 w7} m24SP 7]7](Abbott Diagnostics)ol| 4] mSample prep-
aration system DNA 7] E(Abbott Diagnostics)t} COBAS AmpliP-

rsi' %Nv ml

rep system (Roche Diagnostics)of|4] High Pure viral nucleic acid
7]E(Roche Diagnostics) & AH8-5191-S& Wt CMV A&Fglo] =
ATH22]. Aol A A4 A2 qPCR AR 4271391 QlAamp
DNA Blood Mini 7]|E(Qiagen)?} 5317|7191 MagNA Pure LC
(Roche Molecular Biochemicals) 552 H| gt Aol A, = 3
=4 7k qPCR S4gke] A2 =90 H1tho=0.863), 471%
SAYAERIIY] P AV F A3 Asiek st
o2l ol AN FUT Y §E B arus A]
o A Sall 4 20l U Wipisiont 05 ko o8
Zpol7} Ql= CMV 8442} EBV 844 5 1HAIE Al lskar 1534
o4 QIASymphony DSP DNA Mini 7]50]]/\1 53 49 DNA
Aol =8k} QlAamp DNA Blood Mini 71E.2] ¢~ 200 uL
o] oA 40 pLe] HAkS FE31aL J5 10 plE qPCROY A&
oto] M8 50 pLEFE] B HAkS qPCR|| AHE-5HIE H] s,
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QIASymphony DSP DNA Mini 7] E.9] 7% 300 pLe] A &) A 60
pLe] SARS 25311 115 20 plg qPCRO| A8-3to] HE 100 p
LEHE 92 ih& qPCRO| AHESHEE A& 22 o
QIAamp DNA Blood Mini 7]|E 34)/QIASymphony DSP DNA

Mini 421 AV B A1 AHGIL SATS] gl S 79
35

hul

Sk e B, ke, S Al 714
/32 g Aol 7]%-55ke] DNA 22F2] #F](smearing) = &
Hal| =S EAL Agilent 2100 Bioanalyzer (Agilent Technolo-
gies, Santa Clara, CA, USA)Z H7}& 4= Qlth CMVe} EBV gPCR
= SI3E 20 A dete 71E+= 200 bp mluke 35517 whi
of DNA €1749] %= & s 7hsAdol ATH24, 23], &%
DNA H8/d3} vhol2] 2 DNA 4wk 74e] ko] gt 71
Zasgh 7102 YZhET 7 A A o Aol A A
T 7R &Y 2% S 2ukE O 9 Hdsorption chroma-
(ography)®] 92I% o} S 33 Holsicks Hole), M
o B 53 /R 2 R EY EE S 250 NS o
2 4 Y= 2ol w3k 2ulE T3 H(anion-exchange chro-
matography)¥} 2Hg217]7]0f| A &3t Sake] Akt vl gt
7t 3742 BTt Aol vAjeke 2 o] QoA DNA vl
2 % CMVeF EBVRES: B7Fstlom, A4 DNA qPCRE
ASHL Gl= BK o2, w2 Hufol2] A Bl9 5of Hisii=

AEAORZ CMVe} EBV qPCRS 913f =254 4ko] o
S vlolgx g Hrishe QA A EE AMHEE 4= gl
© 2 getegieh Aol A CMVE}F EBV DNAS 5238 uj 2}
717181 QIASymphonyd ] geFgto] 4:71%<] QlAamp DNA

Blood Mini 7| E Bt} 8-2J61A| =9ttt

=
fobo

flo

ol

2 o
HHZ: AhA) sEH o] 2] Acytomegalovirus, CMV)Q} QUAEFSTH}H}
o] 2~ (Epstein-Barr virus, EBV) <A 3EF520o| o]& 753l
O 2K, CMVe} EBV & PCR (qPCR)9| 20h= FAEIAI,
Sk 35 R ] qPCR Aol & & 5 Qlrk o] Aol
= whofei2s GPOR ol DNA B9} 42 7o) Qo2
Q3RS A Egkon 47Hel QlAamp DNA Blood Mini 7| E
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(Qiagen, USA)Q} A}531H 21 QIASymphony DSP DNA Mini 7| E
(Qiagen)E Hlulsto] Ak FHHE =Y o aefsfiof & AR}
& AW 17 31k

H: DNA A&7} £+ QIAamp DNA Blood Mini 7|E & 7]
FE7 5 EBV qPCRS AJ3Y%H 3007l 8 DNAE th2 2 513
o1 NanoDrop ND-1000 Spectrophotometer (Thermo Scientific,
USAo|A Skt 427 it A-5obe itaE0 v
= CMV gPCRo| 2]2)% 72719 A&} EBV qPCRo] 22| 54
7o) AEL tjAke &2 31t CMVe}F EBV DNA= artus CMV 2
Artus EBV PCRZ A3}t
Z1k DNA 5=} EBV DNA &gk Abolofl= e Aol ¢
o1, DNA == 9F ACq (Wt 2282] CagrollA 527t qPCR
i zjofl A AHERE 573 T Aol 7k Rt R E A2 Cqils
W ) Afolollis Akl fIiek 47 WS A5 ake wak
%2 T CMVS}EBV qPCREES: 5 P 7hol] -2 A4t A7} 9)
ATHCMY, tho=0946; EBV, rho=0.887). & {0 BI04 CMV
DNAZ} /301309 2984 5 844(27.6%)= QIASymphony©f| 4]
FET A ARl FrefshA =T
BE: gAHoA CMVeFEBV gPCR o] U441 S 2 DNA =2}
Tes ST das flS AR FHEleh HAoA Ccmvet
EBV DNAS &3} o] 2153} 717121 QIASymphonyt 2] Aakgk
o] =7]"H2] QIAamp DNA Blood Mini 7] E 2t} -3-2J517 =9}t

HE
=}

oL il

]

Of3H2tA|

2%
oo

AAE-L 2 A7} ghstel s slatet ofslEA 7t

el =2

o] A7 20124 ARl

H] & o] 2l o] Foj K=

oft

A AaRle] 47
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