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Evaluation of ExiPrep16 Automated System for the Extraction of Nucleic Acids from
Nasopharyngeal Swabs for the Detection of Respiratory Viruses
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Background: Automated nucleic acid extraction offers a standardized sample treatment method, low error rate, and avoids sample nucleic acid
contamination for use in molecular diagnostics. Here, we evaluated the performance of automated ExiPrepl6 system (Bioneer Co.) in comparison
with the manual Viral Gene-spin Viral DNA/RNA Extraction kit (VGspin; iNERON Biotechnology Inc.) for the detection of respiratory viruses from

nasopharyngeal flocked swabs.

Methods: To compare the agreement rate and analytical sensitivity between ExiPrepl6 and VGspin, previously collected 78 patient samples and
11 pooled samples of each respiratory viruses and their serially diluted samples (until 1/10°%), were tested by multiplex reverse-transcriptase PCR
(Seeplex RV 12 ACE Detection kit; SeeGene Inc.). In addition, we repeatedly analyzed the threshold cycle of the pooled and 1/10° dilution of adeno-
virus (ADV) and influenza virus A (Flu-A) by using real-time PCR to evaluate the precision and crossover of the ExiPrepl6 system.

Results: The analytical sensitivity of the ExiPrep16 was comparable to that of VGspin, and the highest detectable dilution varied in the range of
1/10 to 1/10° depending on the viruses. The total, overall positive and negative percent agreements of ExiPrepl6 in comparison with VGspin were
95.7%, 96.2%, and 95.2%, respectively. The mean (CV%) of pooled and 1/10° dilution of ADV were, respectively, 19.2 cycle (2.1%) and 31.6 cycle
(4.3%) and those for Flu-A were 22.6 cycle (3.1%) and 35.5 cycle (2.6%). No carryover was detected.

Conclusions: Compared to the manual VGspin, ExiPrepl6 ensured nucleic acid extraction for efficient detection of respiratory viruses.
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S AKmolecular diagnostic tests)= HJOFS ZEH5E 7|E A
Hlsto] 7h ofuigh ji o= kAl Qlok 5k 2 V=S
7R E R HlwA] 2H 7)o = gt Ado] 7hssiAl i,
dutolg 2] A&7, Eagt fAte] S ¥ W et 2
21782 0) Ad7gol] w9~ f-8-3 =t7E HQUTHLL 20098 FA|A A
9] A1EZ2(The 2009 HIN1 Pandemio)2] -3§of| whe} <fjoi|A]
T HRIFEEE A% (flocked nasopharyngeal swab)& E313F &
S71HARNA vholE A HEol| EARISHARE de] AHEEA| =
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s} AHE5717), Alokat 25 wlo] wha 22 a4
Fxpol7h 91&o] W3 glo], B3] AHE3]7]e)
45 7 TealoF heHa-s)

3o TS wbskn BEsEo] 7]
5 23g0] BADEALE)] Arjo] T8 2
Al A2e S Ee) w9 E
spgpule] glo] Bash HRicHL 4,6-81 ] A
AR dlolelse] 428 BH O, 7 22
Astol 25923719 ALgo] Z71ebA HlTHe, 3
g7plolelag dashar] glold AHERIFE7]]
bR F80) olol ) St Sl QlonE A
52 712 427192l Viral Gene-spin Viral DNA/RNA Extraction
kit VGspin (iNtRON Biotechnology Inc., Sungnam, Korea)2} A}
SWA2717191 ExiPrepl6 (Bioneer Co., Daejeon, Korea)ol ]3]
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1. XM=

20084 19) 193] 20004 129 312074 el i) v
ok 22} FollA Tg7Hrol2] s RARITEARE o=jE A
F0°Co] WERTE VIR ESEAY AAE AHEoISIh
ExiPrepl162] 4o} A 7+ 2A2] H7toli= 2011 Hats
A Zo)|A] adenovirus (ADV)2} influenza virus A (Flu-A) FA]
241 A2} phosphate buffered saline (PBS)< AH8-311Tt

]

we oo (ool

Ao ih27120 ExiPreplod} 471821 VGsping: AF-8-8kof
AlzAte] g Aol whel dARS &It 7 71 W o) Wl
£ flsto] A5 HIIFESEA AAFE 200 pL, 23 A4S

O

F 2 50 L2 FUsH shelct

2) SE7HI0[ZA HE

F2 % HARS Revert Aid First Standard ¢cDNA Synthesis Kit
(Fermentas, Ontario, Canada)E ©]-8-3}0] A|ZAY] A=
cDNAZ FAJ3FTE ¢DNA 2 ple} Seeplex RV 12 ACE Detection
kit (SeeGene Inc., Seoul, Korea) & Al-8-5}0] Tt AASTa 4

A HH-2-0 2 GeneAmpPCR System 2700 (Applied Biosystems,
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Foster, CA, USA)YE AL 8le] 587 Iutolel s Asiek ol
o] tjA) TE7Ho|B A= 1250 2 ADV, Flu-A/B, parainflu-
enza virus type 1/2/3 (PIV-1, -2, -3), respiratory syncytial virus A/
B (RSV-A, -B), human metapneumovirus (hMPV), human rhinovi-
rus A (hRV-A), coronavirus OC43/229E (CoV-OC43, -229E)0] 31tk
ExiPrepl6o] 2J3 sAtS& 4] Aot A4 7F 24 3
7Fsl7] $15tod Flu-A9F ADV &2 AAt St a adautgo=
AA5FAEE Flu-A= AccuPower Influenza A Real-Time RT-PCR
Kit (Bioneer Co)E AHg-sto] A|lzARe] Aol whgtom, ADVi=
Kohdera {919 ®HALA): 5-GACATGACTTTCGAGGTC-
GATCCCATGGA-3', 5'-CCGGCTGAGAAGGGTGTGCGCAG-
GTA-3)S AF85193.91, Greenstar PCR Master Mix (Bioneer Co.)
£ ARg-8lod Z 20 pl (AL 5 L, Al 212} 1 plL, Mater mix 10
ub) HHS-8=F0 2 Exicycler96 Real-time Quantitative Thermal
Block (Bioneer Co)S 08310 FZ(95°C 1082-95°C 20%-55°C
302 2SR 453] HHE B 72°C 583, -§-3- 2 E(melting tem-
perature)5 157 fJ8to] 60°Col|A] 94 C7HA| =g A51°C/
seQ)HEE 3 & I35}o] threshold cycle (Co) FH& =735k

3) AliFEHo| "It
(1) A=01Zt=(Analytical sensitivity) Z7+

AP ASNHEE vlas] flsto], tha Ak
LR 2AHRES-o] ofsto] oMo HuEE HAHA FollA,

PIV-2Z A|2J3F 55 7]ubola) A 115(ADV, Flu-A/B, PIV-1/3, RSV-
A/B, hMPV, hRV-A, coronavirus OC43/229E)9]| thate] 27|95
7 TS 7ot MES el A uhole|lultt 242 sHAM,
5 SUAE MEEk) 22t sAAlE 2 EFatol ) pool
& WHEIL, 0] 11719] pool& PBSE AF-g-5}o] 1/10°742] 1084 7]
f 3l4ste] S99 HAIE whEo] ARSIk

A A% Aol A VGspinT} ExiPrepl6 O & HARS: Z}7h 2=
Sl U W0 = FH5to] H7|FE ol A AR et
ey oy, wElx] ¢roH S/ 0 7 whEsiel o, Sl il
E7F = A 9ols A oA =5 E AAste] FUgh
T7h I oY (tw), IE]R] (o oFokoRA(“ww+)

(2) VGspint ExiPrep162] Y x|&(Agreement rate) Z7t

T 7HA] kS WO dAjeS 2] fIsted, o] VG-
spinTh kel A E R A S o] efstol piloR b
o WERPE T AAES AT B AT e PIv2
£ AlLJR 115 viol2] 2o tistoir = 2 W7|Y5/d= HES)H
of I o] 77} copal ] ERHEES vlole Anfet 4wl
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775 % S 44 24 3471 Mepssick el 78
A& ExiPrepl6 2.2 S FE3)al, FUSH O 2 128 5.8
ZlHbol g HERT AdAE vlusih #7142, A 7 24
7toll ARERE ADV /g Bl 243 247} 8419 AE Eadste] &

&S B

(3) MU =(Precision) H|x

HEUHE B7koll ARG-E|E RNA HRo]2] 291 Flu-A9F DNA
Ho]2] 2291 ADVE] poolt 1/10° 3] 4|95 AHE-8F3IT. 2744] Hlo]
2l20] fsto] AARE SR adautgo 2 RAsto] SU 5F
Fofl 243t o)/Fe] 7+ 0 = 23] AJRYstlar, v A ol
291 HHE SA5}o] C ke S43HAAL, pool} 1/10° 31444 2] 7

oF Ct 2} FZFEH A (standard deviation, SD)Q} & Ho|A|4>(coef-
ficient of variation, CV)S Z45}9th
(4) B 7+ 2E(Carry-oven)1t B2 AMSZEIQ| ZxHoi| CHet Tt

ExiPrepl6-2 13]of| 2| 167AE wjAT 4~ JSo 22 Exi-
Prepl6S o] &3 dlals& Aol HA| 7 29 H7toll=, Flu-A

pool} PBS, ADVE] pooli} PBSE ZH2}F 8704 AR-8-5l3ict oA
% 2 AAIE wdol 8744 wjx|sto] SAk
SokE 2oES0 2 HASH O ghS 2 gs}
ASol 3712 pBs vl 94 B4 AAlet oF
WA ALg-sto] EAIEEAom, cDNA e-dabge] ofgt <
o}517] 9l5he], (DNA SHTF4-2- Aleksloirt

SHH, ExiPreploo] o3 siAt:Z & FEoA|l 540 &
aAsp] 31k, ol Agel A5
H 997IX] 22827 EREAY 7§Xﬂ—4 ﬂx} BAHA LA, AA|
18k AdHHES 3 internal control 32| ZE o] HLE 3k

# 0= gHelsieit.

of

4) SAXMz

VGspin} ExiPrepl6 Alo]9] Ux]& H7t= AAAAL v]aL 7}o]
=afelfolef wahA MediCale version 115 (MedCalc Software,
Mariakerke, Belgium) 3 2 7132 0]-85}0] UX]L(% agreement)
I} kappa £k FFAT ExiPreplo o]-§-3F At 147 4
WES Flel] Slstol CLST EPs-A2 AAL Thol= Rkl

Table 1. Comparison of the analytical sensitivity between manual Viral gene-spin Viral DNA/RNA Extraction kit (VGspin) and automatic ExiPrep16

system
Extraction Dilutions
N Viruses
methods Undiluted 1/10' 1107 1/10° 1/10* 1/10° 1/10° 1o 1/10°
1 ADV VGspin + + + + + + - - _
ExiPrep16 + + + + + + W+ - -
2 Flu-A VGspin + + WW+ = - - . - i
ExiPrep16 + + WW+ - - - = - _
3 Flu-B VGspin + W+ - - - _ _ _ _
ExiPrep16 + WW+ - - - - - - -
4 PIV-1 VGspin + + W+ - - - - - -
ExiPrep16 + + + - - = = - -
5 PIV-3 VGspin + + W+ - - - - _
ExiPrep16 + + + + - - - _
6 RSV-A VGspin + + + W+ WW+ - - - -
ExiPrep16 + + W+ W+ o - - _ _
7 RSV-B VGspin + + + W+ Ww+ - - - -
ExiPrep16 + + + W+ - - - - _
8 hMPV VGspin + W+ 5 5 - - - - _
ExiPrep16 + - - = = = - - -
9 hRV-A VGspin + W+ - - - - - . -
ExiPrep16 + W+ - - - - - - -
10 Coronavirus-0C43 VGspin + + WW+ - = - - - _
ExiPrep16 + + + WW+ - = - - -
1 Coronavirus-229E VGspin + + W+ WW+ - - - _
ExiPrep16 + + + + W+ WW+ - - -

+: thick band, w+: thin band confirmed repeatedly, ww-+: thin band, but cannot be confirmed repeatedly.
Abbreviations: ADV, adenovirus; Flu-A, influenza virus A; Flu-B, influenza virus B; PIV, parainfluenza virus; RSV, respiratory syncytial virus; hMPV, human metapneumovirus;

hRV, human rhinovirus.
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H-8-5}0] Analyse-It version 2.20 (Analyse-it Software Ltd, City
West Business Park, Leeds, UK) 2 138-& o|-85}0] Ct 3+2] ¥
oV Y HEUAE R4S

1. VGspinZt ExiPrep162| aliAtzE HiHo| ASRIZIE 9|

H|w

Z 9934 FollA ExiPreplool] A=A 19 =94 7
©.1= ADV, PIV-3, CoV-OC43/229E0] 9} 01, VGspinol| 4] 15H4] L=
QA 9= RSV-A/B, hMPVo|3laL, FUBIIH 7-9-1= Flu-A/B,
PIV-1, hRV-Ao] itk

11F2] sg7[Hfo2|2o] o] VGspinit} ExiPrepl6 Atolo]
AEWH s FYsHAY 3 AulE 154 oW 9] Zpol7h =gl
om ADVE= 1/10° |4 Rol| A= Hlo|2] A7} HEE|QL, VR
RNA Hfofelsi 1/10° 571 eheb A EolA A4t
(Table 1).

2. VGspintt ExiPrep160i| CHet S&7| HiO|2AZALS]

YUX|E Hlw

VGspinZ} ExiPrepl62] ZUA|E-(overall % agreement) 95.7%,
OFAUA]&(positive % agreement) 96.2%, 4] U2]&-(negative %
agreement) 95.2%°]31.° 1, kappa=0914 (Value of » Strength of
agreement: <0.20 Poor, 0.21-0.40 Fair, 0.41-0.60 Moderate, 0.61-
0.80 Good, 0.81-1.00 Very good)EA] T2 =0 o12] Q0] T2
ITH(Table 2).

AA] A} 78 A 04, VGspinoll /dolAE 528 A|(ADVRE 12
A, YA Eg7Hkele] 2 1050kt 4494 329D Fofl A RSV-A
2} hRV-A7} HE5 28 Aol A ExiPreplo 273031 .2.H, VGspin
ol 2701|4284 5 23A ol 4= ExiPrepl6el| A Z}2F hMPV
CFADVZFHHE A 0 = SQ1E Tt

Table 2. Agreement rate between manual VGspin kitand automatic
ExiPrep16 system for the detection of respiratory viruses in flocked
nasopharyngeal swabs

: VGspin
ExiPrep16 = - Total Agreement* (%)
Positive Negative
Positive 50 2" 52 96.2
Negative 2! 40 42 95.2
Total 52 42 94 95.7

*Measurement of agreement (K) between ExiPrep16 and VGspin was 0.914; ‘in-
cluding 1 case of RSV-A and 1 case of hRV-A; *including 1 case of hMPV and 1
case of ADV.
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3. ExiPrep162| M&x HIt

A Poold} 1/10°314 42 0]-§-3F = 7ol A], ADV Pool
I} 1/10°8} 4 A 0] gt Ct g 19.2 cycled} 316 cycleo] 35513
om, Z17¥o] Ewo A CVe}l 25D 2.1%2} 0.8 cycle, 4.3%2} 2.7
cycleo]Rit}. Flu-A 79+ 2421226 cycleo| A 3.1%2}F 1.4 cycle,
355 cycleof| 4] 2.6%2} 1.8 cycle©]ITH(Table 3).

4. ExiPrep162| Z| 7t 2t X AXSH| ZX

1'% ADV pool} PBS, Flu-A poold} PBS, ADV %A1} 34
S HAS 27 sAAM W= vjx|sto] 3N ES HAIRE At
AA 7t 2H-2 = A] ot

T d AHRESAARS] 7150f A internal control E&0] FE
A L 7= 16730.7%)01%0H, E A2 251HA A= =

= internal control E2l0] & %|ich

)

%

i

HRIFEFEL HAloA 42F}dol ot T57]Hfol2] 29
AbeZol| ARE-3E VGspine 412|712 silica gel membrane)
0]8-3} columnio|H, ExiPrepl6 Viral DNA/RNA Prep kit

magnetic beadS 0|83t WO 2 BT 7|45 gt o)

o 1o

gt A A ALGE 5 ek, EF]ufelel] 2
280 BANEA P 9 B o] ujel Aol & ek

Ay
=
=2
>
5
&
j=)
OJ
S
lo
re
i
o
i
ne
=
5
=}
&
E
o
U
2
moe

1

= FE0L it daadautgo] ot BolFES,
28 AARIA 9 2E7|RolH A HEES 55.8%E, HIFF
O] AEE 32.0%2} vieFRi o] AEE 40.0%0f| Hlwste] 71 =
thal B8k Yoo 5131 MagMax Viral RNA Isolation Ki
(Ambion, Austin, TX, USA)Z =& HAFS Al-8-5)0] FUsH
Moz FE7Mol A HAIGS W AEE 56.0%2F HAY
FH 33.0%= VGspin I FARE 23S UERgl7]ol,
o oA VGsping AE-3lAb=%7]71Q] ExiPrepl6 H712]

3

Sk

- =

Table 3. Reproducibility of Ct values analysed by real-time PCR using
nucleic acid extracted by automatic ExiPrep16 system

) Threshold cycle Total CV
Viruses Level 0
Mean 2SD 95% Cl (%)
ADV Undiluted 19.2 0.8 19.08-19.44 2.1
1/10° 31.6 2.7 31.01-32.20 43
Flu-A Undiluted 22.6 1.4 22.30-22.91 3.1
1/10° 355 1.8 35.11-35.89 2.6

Abbreviations: Ct, threshold cycle; Cl, confidence interval.
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MR A 5 918 A0 Besleich
557 ]vhol2l 150] Hfs}el pool ARIS 1/1071] 31409,

Z 9AAIE Ao R VGspmJ—]- ExiPrepl60. 2 &3t sAS
ARES HENEES H| el Wjol, ExiPrepl6?] AETIAE
7} =& 9= 47FX](ADV, PIV-3, Coronavirus OC43/229F)0|)
a1, e A0 37EX|(RSV-A/B, hMPV)o|¢l oL}, 11 o) B
1A o]} SlAulj=o]lom, wigteof 2to|7} QIIH 8-9-= 47t
Z|(Flu-A/B, PIV-1, hRV-A)Z, 2714 A}k 22 Hho] AEqighe
AR ZoE ARSI B, 15 557 ]holel 2ol st
o] ZEAFE0] W1 EA IE SV} clopob EeeES A
e 78 8} Aol Tt 4ol AL, Vspinol A0 2 Bk}
474;<ﬂ % 2HAIRSV-A, hRV-A)of| 4] ExiPrepl6o]] /01310

AA) HZzo 2 golg) 4= 9lolel HWHH VGspintio]] &4Jo]d
Xﬂ 5 27411]01]/\1 hMPVe} ADVZF HE53l=d], AjF=35tod
@*PE}@E Y HpolH27F HEHA100 VGspintgoll Al $15-4
ol%ke Aoz FHSIT: 53], o] Aol WekwE HAE
AREEG7 100 Ake] WMol ol 7HeAdS alefshH Exi-
Prepl62] AR IHA o] AW 7} VGspiny T} B] w5}o] b
A @& Ao AtEQlry E9h 2 AtoflA] VGspindt Exi-
Prep16 A]-o]oﬂ = 01;‘(]% 95.7%, %4 ol:/d olxl 96. 2%, 0 /\4 O]i]E
95.2%°]%1.0™, kappa 4f=2 09140 whel, 27}A] sHAkEZ WY
o] & YA&& Hol= A& AT 4= Uik 2y, ARl=E
Bl k= Aol A EEAAE ARESHA] Ssto] et viol2| A
F=7t AAEA] 33}74‘% i HolAE 11502 sllott
S|4 HAef thoko] T2 Hhe HAbste] kS SRelshA] Rk

711, ofefl et J—EV} za ?e 0.2 7P}t

ExiPrepl6 o}§3 Sk 9 AXTHEEHE 414G o)
Ofghupola] A HEHH o] AU =g EA4517] $I5to] ADVE} Flu-
A pool AA|8} 1/10° 3] Y& AL-Es)3i+=tl, Tiat vlolgAe] A
Hees & 4= Ul Aol thigt CLST EPS-A2 (1115
&3k Ct ghe] st Zof| isto] Hrlsiein). o At Al=
TE7Etol AL A o170l ARARRS] 7ol s
Sh 4371 22 HlmERAE QESEOLE, ADV 1/10° S]4elolA] Gt
22 25D W17 27 cycle® 231 65 (=2 WESHEE
W YA 2 cycle o 24 44 o|j9] Fi= WHEtE LERS
o e, G4 AAE ez ol Atel fARSHA =2He col-
umn 921 High Pure Viral Nucleic Acid kit (Roche Diagnostics
GmbH, Mannheim, Germany) 2. 2 2% HARS AFR5}0], A4
7t SRR A0 E HBV DNA HRFHARS 5715t Har(14]
of whezi, Cr ghe) Wi} .2 o] ek 3 ghe) el 2
) 3R, o] S1-olA] ] g Ct ZhT AR A O] HBY
o+ Ct gk -CVEEE HH, 17.6 cycle-0.1%, 21.1 cycle-0.1%, 24.7 cy-

LF_L_I
F
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cle-0.2%, 31.3 cycle-0.7%, 35.1 cycle-4.290]%17]0]], ot ¢1-Lo]|A]
9] CV gt ¥3} 2.1%-4.3% Hrt= F-2 Heollout Adrro s
A R 357 AAS] 4k %ﬂ“@]ﬂi AAE A

NS AR ol YUEE HPP £EOR A

\_.

=] 5_7&, Z %% ADV pooli} PBS, Flu- Apooh—]- PBS
Aot 94 B 2] 42F 715 s ofIeho] A4S v,
A b 2H2 HARER] kofr) Tl B Ao A ExiPreplo O 2

BMALS =501 ZHAVSE & 2517) AAo A B% internal control

=4o] FEEG oL, 20121 2HFE| 9G] AA) 22} 2,282 &
FEA AAo A= 16740.7%01 4] internal control &40] 52

W 78‘%% oRelg 4= U710l ExiPreplog AH8-5k= 73
10” gk 187l a5k Ao g AZEQIch
T A= (nasopharyngeal aspirate)S AT &

H]O] NucliSenseasyMAG (bioMerieux, Nether-

lands)?} BioRobot 9604 (Qiagen GmbH, Hilden, Germany)&, 4=

7181 QIAamp RNA or DNA extraction kits (Qiagen GmbH,

Hilden, Germany)%} H| W8}1+=t], Flu-A, RSV, ADV H}o|g A&

TAFO 2 2% =% 10-10" copies/mL W9} WS = HO|(Ct

3133 cycloollA] Bk 4427 92} o] ot Flu-A/B, RSY,

PIV-3, ADV ZIh of[elteef] 2fo]7} §i513L, -5 oAl=oldt 4

A 7 9A A sk 1 msto] ol TSk fAR 2

Aol RITt whehA], WA A ETWIHPOIEV\ e o

£ A LA o wlste], @AY AHg-E= B4 &

SHAS wofl vlaa] 2 Y-S A o= % é%_‘

48 = Lo, HAe] Eshr] Aol Elapgo] Al

_A—E}Q%E}- ———o] x4oﬂ/do] =0 Acro 7—11—”_0,] .E_/HAP B“é

T TTHTE ™"

AFHEE %

R

o

HU
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%
m

20| [H] HAo] Wasiu], AalFe] 2ol 253} 4
Kool wheb 415 Afol7t B, %3 vhore Ao} Bl

Fo & ExiPrepl6ol] Tt H717} Qlojok &F Ao & A7ty

32 Hl
T o
=

@o%

Tl A AR VGspindt} o] 422Fe] 9Jgh column
Zoh 79 1ATol| Fof 248A41E A=lg
HAF 25 Tpgol| = A AA| AloFS 7t
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E ©
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Sl Ashe IS ZAH Ok H4l Rbde]] ExiPreplo2 2 16

Ao 4| DNASE RNAE FAlo) 2522 F&3ke dlof 1Akt
H7h 285w, A seAbel whE AlefEAo] girk wheha, g
off A=fsfiof sh= A AP 167] ol HAF 5ol Ao
ek A s HalE g SETmtole A Akl it o
A& ExiPrepl6 7|71E o|-&3t] AFESIAH =M, Hit a4
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ol A% AP AAE 4 e A0 kel e,
ExiPrepl6- & 167} 0|4} T 112 A1 502 Hefa7lolis Alok
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