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Comparative Evaluation of the HPV28 Detection and HPV DNA Chip Test for Detecting

and Genotyping Human Papillomaviruses
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Background: The HPV28 Detection test (Seegene) is a real-time polymerase chain reaction assay that is designed for testing a total of 28 hu-
man papillomavirus (HPV) genotypes and estimating the approximate HPV viral load. The aim of this study was to evaluate the clinical applicability
of the HPV28 Detection test with regard to the prevalence of HPV infection and distribution of HPV genotypes by using the HPV28 Detection and

HPV DNA Chip tests (Biomedlab).

Methods: HPV DNA Chip and HPV28 Detection tests were performed for 500 cervical swab specimens. HPV genotype results were confirmed by
sequencing analysis of the specimens that showed discordant results in the 2 test methods.

Results: The positive rate of HPV detection determined by using HPV28 Detection and HPV DNA Chip tests were 43.8% and 40.6%, respectively.
The sequencing results in 64 discordant specimens that showed single HPV infection in the 2 test methods were in complete agreement with the
test results obtained with the HPV28 Detection test. The genotyping results of the HPV28 Detection test were 100% concordant in repeated ex-
periments with HPV-infected specimens that have 12 different HPV genotypes, i.e., types 16, 31, 33, 39, 42, 51, 52, 53, 58, 66, 68, and 70. The
HPV28 Detection test was 100-fold more sensitive than the HPV DNA Chip test with serially diluted HPV DNAs.

Conclusions: The HPV28 Detection test can be applied in the clinical field as an HPV genotyping test can accurately identify various HPV geno-

types with high specificity and low detection limit.
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2. HPV28 Detection2 0|8t HPV XIS 24

HPV28 Detectione 19%2] 1193+ HPV (type 16, 18, 26, 31,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82)2} 9F-2] A ¢
St HPV (type 6, 11, 40, 42, 43, 44, 54, 61, 7002 HAJ8 o= glo.
), HPV DNA Chip HAP} &2H 2 Zko] A7} Q= 50072
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A7 HAIEZ HAE o= BIGITE HPV DNAS] &2 MI-
CROLABA}C] STARlet A£3} & A|AEl(Hamilton, Reno, NV,
USA)& ©]-85to] MICROLABARS] WHie]l whet DNAS 23131
t}. HPV DNA & & HPV28 Detection®f| 4] A|3-5}= B0 u}
2k PCR §1-5-942 DNA 5 ulL, 4XHPV28 TOM 5 pL, RNase-free
Water 5 pl. & Anyplex PCR Mastermix 5 uL&2 3 20 L7 3}
t} PCR 4~8§-2 CFX96 real-time PCR AHH|(Bio-Rad, Hercules, CA,
USA)E o]} 50°CoA] 487 SAHFAE $I8t Uracil-DNA
glycosylase (UDG) system®] 515 3L, 95°Col| A 1587 =
7] B 3, 95°CollA] 30, 60°ColA] 142, 72°Col|A] 3029] 2710
A} 503] HHE
ysis (Cyclic-CMTA)E PCR cycle 30, 40, 503] o]&of A3}t
CMTAS= 55°CollA] Wh-g-E3tolg WlZhA) 714, 55°Cof| A 30, 55°C
] 85°C (52/05°071] G140l 9 24 2tk Oy
clic-CMTA ZAi}= PCR cydle 303]o|4 WS w A=o] =
7, 403]0l|l A FEo] EH “++7, 503]0l|A] HEo] HH R 2
& YERATE HPV 34218 42 SeegeneViewer (Seegene) &
o) el

33} 3L, cyclic-catcher melting temperature anal-

3. HPV DNA ChipZ 0%t HPV |EAFE 24

HPV DNA Chip-2 oligonucleotide microarray F5 .2 18%2]
I9JE T HPV (type 16, 18, 26, 31, 33, 35, 39, 45, 51, 56, 58, 59, 66,
68, 69, 70, 732} 1422] AL HPV (type 6, 11, 32, 34, 40, 42,
43, 44.53,54, 55,57, 61, 625 H-A]3k 4= 9]t} HPV DNAQ] &2
Al 75 A|3E A 200 pLEFE Chemagic Viral DNA/RNA kit
special (PerkinElmer Chemagen, Baeseiler, Germany)} A}-5-5} Y
Ab & AJAE] Chemagic Magnetic separation module 1 (Perki-
nElmer Chemagner& 0§30 1] 2 Al AlzAR] B 22
v o] whe} £=83}9It}. HPV DNA Chip (Biomedlab)2] A<k A%
ApollAl Alsshs el whel, SRa Ao R S 4
=5, HPV F34E Sol] Zejav) B2k fejgeto|=of vt
SAIZ1 B 271 AH|(GenePix Personal 4100A, Axon Instru-
ments, CA, USA)E o]-&5}to] wdast &35 B As5to] HPV &
HARS Selsisc

4. HPV28 Detection2| H7}
1) HPV SHXIE H|w H7t

F 7 2 HPV AR S B4R & B 7
= AAIE AelsL, & 7HA] el A3t ARJBHA] o= 1089
o] A FollA, o] Bate] ofo] Bxsto] 271 Bhel Bajo] &
7%& A 52 A2l 640 9] Aol hate] H7]A B4
= s3Itk HPV DNA= E6/E7 5312+ §of Zatowie}
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PGMY11/GP6+ (M2) Zefo|H S o] gsto] TE3s9lom, T3+
AHE-2 DNA purification kit (MEGAquick-spin Total Fragment
DNA Purification Kit, iNtRON, Korea)S ©]-835}o] A|ZALe] HIHY
off whef AAlskch A AHE2 5 pmol®] PGMY11/GP6+
(M2) ZZe}o|He} E6/E7 7702y £o] Zefo|HE o|-g-5to] Big-
Dye terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA)2} ABI 3730 DNA Sequencer (Applied Bio-
systems, Foster City, CA, USA)2- 0]-&-35}0], A|ZALe] HiHo) uhet
Q7 AL AR A7 S EA] BTk BLAST (hitpy/
www.ncbi.nlm.nih.gov/blasp & 0|85l HPV -G 24AE S A%
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1842 Sagstol, 2% 38] S A 292 ol goto] Fus

3) zla HE siAlQl Eot

A7 MAI] AE-S 9Is) HPV 49 2Hlo] B

g}el
3t 1683} 188 18|31, HPV2S8 Detectionof| 4] 7H =& Wl &2
725 5231} HPV DNA Chipoll 4] 163 thg-0. & o] AZ% 58
ol disto] 22 & AIE H7IsHITE HPY §-7404H 163, 18
%, 5287} 583 0.2 A 499 A o]l thstod, 10614 sHHA| =
At jaste] 2F FaRtguitt F 6 dAC] FE=E 7 HAIE
=]

B4 WS 370 5] 18183 Algte]

o]-8-5}o] HPV28 Detection} HPV

5. A2

A Ate] FAISHA] HA]2 SPSS 9.12] McNema's test 415
ol-g-8te] T 71A] HAPLHolA] ElE HPVE| FAE 9 191
- HPVE} A 918 HPVE] 55 #-9] =3 P<0.0001& 7]

o2 fopy AFL St
2 I

1. HPV L& &1t REXIHS 2=

3] 5009 T3t HPV28 Detection} HPV DNA Chip2] HPV
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Table 1. Positive rate and prevalence of HPV genotypes with the
HPV28 Detection and HPV DNA Chip genotyping tests for 500 cervi-
cal specimens

HPV28 Detection HPV DNA Chip P value

HPV Positive 219 (43.8%) 203 (40.6%) 0.0004

Multiple HPV genotype infections 92 (18.4%) 18(3.6%)  <0.0001

Single HPV genotype infection 127 (25.4%) 121 (24.2%)  <0.0001

High Risk in single HPV genotype 107 (84.3%) 86 (71.1%)  <0.0001
infection

Low Risk in single HPV genotype 20 (15.7%) 35(289%) <0.0001
infection

Other type in HPV infections NA 64 (12.8%) NA2

Abbreviations: HPV, human papillomavirus; NA, not available.
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& 27} 43.8% (219%/500%)2} 40.6% (203%/500%)0] %
7HA] oo HPV F-48A1 & 7M1= B3 HPV {42139
PSS 717} 18.4% (9278/50078)2} 3.6% (1878/50078)0 %Ik T
gk o HPV §3AF 9] FAE-2 22t 25.4% (1278/5007)2}
24.2% (121%/500%)0]gl.om, 1+ HPVE} A3 HPVY]
PSS Al EH HPV28 DetectionS 84.3% (10778/1279)2}
15.7% (2078/12778)0] 2.2, HPV DNA Chip-& ZHz}F 71.1% (86'8/
12178)2} 28.9% (357/121%)0] Itk HPV &3 53 HPV -
A2, A9 HT E AT HPV /-2 HPV DNA Chip ¥
of| B3] HPV28 Detection HHo A §-2]51A] LrelgthP<0.00D).
313, HPV DNA Chip2] - HPV 94 © & BLAE|g) o1} 947}
o] &FEA] ¢hol HPV other Axf= 7% o= 12.8% 6478/
500%)o|ATH(Table 1).

ESE HPV $-AAF3 0] BEZ= HPV28 Detection?] 7<% 528
(7.0%), 53%(6.2%), 70 (4.8%)2] =A10]31.SH, HPV DNA Chip-
169(3.2%), 58%(2.2%), 613(2.0%)2] <=A{°] 3 cH(Fig. 1.

HPV 3221 B4 Aatof| A 54.4% (2729/500%8)7F LA]51%
, ©] 5 84.6% (2308/27278)-> HPV 5/d0]310H, 13.6% (37
/272%8) = T HPV -4 0 &2 UEbtTt o] 5 1639 YA
0] 16.6%= 7H A WelstaL, 71 9] HaAg-E Akt Rle
S} E2h 1.8% (578/272%)+= B3 HPV A =2, 63
33%, 1693} 61, 519} 563, 3957 519, S8% 2t 6132 7+
= A& A%
3 45.6% (2287/50078)2] 4] Aafrt EYA|slon, A&
ARG R EAE Tl HPV A48 594 AAle
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Frequencies (%)
N

52 53 70 51 43 16 68 56 54 61 39 58 31

HPV types

Il HPV28
Chip

18 40 44 59 66 6 33 35 82 1 45 73 26 55 69

Fig. 1. Frequencies of human papillomavirus genotypes with the HPV28 Detection and HPV DNA Chip tests for 500 cervical specimens.

2. HPV STXFSQ| Hlw H7t
F7IME LA S AldYste] HPV
HPV28 Detectiono]| 4] HPV @& 94218 oFA]o|L} HPV DNA
Chipof|A] HPV 34391 A= 469% (30%/6478)0]31.2H, other
typeql HAl= 20.6% (1778/6478)0131ct. ofo] thgt @7|AHEA
ZA1}, HPV28 Detection®] HPV 3-AAF& 1} 100% UA|5} .0,
HPV DNA Chipo| A HPV 2/d0]91H HPV §- 412152 5231} 53
ol 22} 23.3% (778/30%), 31392} 39 0| 2+7} 10.0% (3'8/307),
:La]i 4283} 6180] 22} 6.7% (298/30%8)°0121.0m, 1 9] 68, 5
&, 548, 689, 708, 828o| ZHz} 194 B Zskeick E3E HPV
DNA Chipo]|A] HPV other type ©. 2 E-AE]|9IE 176]9] HPV -4
AL 705 0] 39|, 423, 533, 663, 68F0] 2z} 20|, 18], 33
3, 44%, 519, 528, 58%, 59%°| 27} 1914 253k g,
HPV28 Detection®f| 4] HPV 2-4d©|u} HPV DNA Chipoj| 4] HPV &
o) AR FAJel AAE 26.6% (78/648)o|gom, d71-Y
A ﬁﬂ 29.4% (>tﬂ/17t5)% HPV &430191.01, 52.9% (9%/17
=558, 628 813 90@ = HPV28 Detection®. & A&
=] %}"‘ HPV Xix} 2 BEAERIoH, 17.6% 3H/178)+=
HPV DNA Chip© 2 -4 HPV -2} S8k %17
POz FAE QT

AR S Bl 640 T,

ﬂim

oE.F

st 41 2o e g8

ME o2 e 3 &
71 HPV S0 B4 g 212k 53] vk el 23,
HPV28 Detection?] 7% H5F&= EUsH HPV §-21Ag 0] AutE o
0], 100%2] YA|-&S HS2H, Cyclic-CMTAY] W viral loadoﬂ
gt 4 gl FU MR AEEdch vy,
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Table 2. Agreement of the HPV28 Detection tests by repeat measure-
ment of samples with discordant HPV genotyping results between the
HPV28 Detection and HPV DNA Chip tests

HPV28 Detection HPV DNA Chip
1st 2nd 3rd 1st 2nd 3rd
16 16 16 11 (w)* 16 16
16 16 16 33 Other* 16
31 31 31 55 Other* 55 (w)*
33 33 33 16 Other? Other?
39 39 39 40 (w)* Negative ~ Negative
42 42 42 6 (W)* Negative Negative
51 51 51 39 (w)* Other? Other?
52 52 52 73 Negative Negative
52 52 52 6 (W)* Negative Negative
52 52 52 51 (w)* Negative Other*
53 53 53 6 (w)* Negative Other®
53 53 53 16 Negative Negative
53 53 53 16 (w)* Negative ~ Negative
58 58 58 18 (w)* Other® Negative
66 66 66 1 (w)* Negative ~ Negative
68 68 68 16 68 68
68 68 68 11 (w)* Other" Other"
70 70 70 39 Negative Other®

*(w), Type-specific signal intensity was weaker than the signal intensity of the pos-
itive control; *Other, The HPV genotype was not identified although the test for
HPV infection was positive.

Abbreviation: HPV, human papillomavirus.

Chip®] 7%, 13] AgeflA] 113, 339, 558 2 2 BA=|0H A 3
o] 752, 289} 38]9] whE B4 Aol 27} 1687} 16,
other type®} 168, other type} 55 0. & EA W= 5, £4431 18
01]94 W= AAellA sUet A5 A ko], Addn dx&

lolstk 4= 9IQITtH(Table 2).
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Table 3. Determination of the limit of detection (LOD) for the HPV
genotypes 16, 18, 52 and 58

HpPV Dilution HPV28 Detection HPV DNA Chip

types fold st 2nd 3rd st 2nd  3rd

16 Original 16 (+++) 16 (+++) 16 (+++) 16 16 16
10" 16(++) 16(++) 16 (++) 16 16 16
102 16(++) 16(++) 16 (++) Neg 16 16
10° 16 (++4) 6(++ 16(++ 16 16 16
10" 16 (++) 6(+) 16 (+) 16 16 16
10° Neg  16(+) 16 (+) Other* Other* Other*

18 Original 18 (+++) 18 (+++) 18 (+++) 18 18 18
107 18 (+++) 18(++) 18(++) 18 18 18
102 18(++) 18(++) 18(++) Other* Other* Other*
10°  18(++) 18(++) 18(++) Other* Other* Other*

(

0%  18(+) 18 (+) 18 (+) Neg  Other* Other*
10° Neg Neg Neg Neg Neg Neg
52 Original 52 ( 2 (+++) 52 (+++) 52 52 52
10" 52 (++4) 52 (++4) 52(+++) 52 52 52
102 52(++) 52(++ 52(++ 52 Other* 52
10° 52 (++ ( 52 (++4)  Other* Other* Other*
0% 52 (++ ( 52 (+) Other* Other*  Neg
10°  52(+) Neg Neg Neg  Other*  Neg
58 Original 58 (+++) 58 (+++) 58 (+++) 58 58 58
10" 58 (+++) 58 (+++) 58 (+++) 58 58 58
102 58(++) 58(++) 58(++) 58 58 58
10°  58(++) 58(++) 58(++) Other* Other* Other*
10*  58(++) 58(++) 58(+) Neg Neg  Other*
10° 58 (+) 58 (+) Neg Neg Neg  Other*

*Other: The HPV genotype was not identified although the test for HPV infection
was positive.
Abbreviations: HPV, human papillomavirus; Neg, Negative.
Z|A HESHAI2| ot
HPV28 Detection®] &4 A&3AE=, 168, 188, 5287} 58
L 107 314 FATRA] AR o] E“ﬂo@-ﬂ% 10°u) 3}
A A= 16983} 58F2 39 HHE 14 5 1919] 54 Aupe} 2

WI] AT 2443 Ane BAEGT, 25 zwu o4 A
of 1¥9] BT AAY Az BAEYOR, 185 ¥ BE
202 BAjElel, 1070 S A HE 18 Eg% Sh——
t}. 3HH, HPV DNA Chip2] 4 AZ3HA, 1682 1078) 54
S, 1852 10" S SA7, 5230k 5832 10°8) 314
S SOk 1633 52392 49 10°6) 31 EiAelA,

39 A F 2424 1919 &4 Ak EAEUCHTable )

=}
=

|

AT AAA Y RO A 2918 AAIske A
Al AL T 10-25%F AAIBIAL ek SF=roll i e 19t
e o2 ol WSk wid oF 50007 o] Alaf g
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AL, 7o EP— A &5 P A RGO 2 QI AP ES W
4 3leh)

A5 A EERIHANPapanicolaou test, PAP test)+= He]/d1}t
AH1g- 5o Ao de ARYEoIRAL, T o5& AR
of WP T} AR o] 27 ZHasielch e, 22wl Aol
6-55%0] ok = ASAER, A Y W=t A

o] Hojth= Ho] Al7|=ar glar, BHo] gle 45 ko= Ay
S LIRS U 4 Sl A AL Qlehs-12]. o7k Al AL
O] ISAES W71 FI8l HPV ZARe] B2l Wit Eo] 7t
w]o] gkom, 71 Z HPV DNA HAPH-S HPV 7H¢] of -5 2%l
St W o g 7 Qle AAtolok A7 g AES
53l HPV ZF o] Abg75ete] 22191 ke Q1o &2 S =]9)
om, HPV 499 A& 4 22 A9 2 7hed offol o
o RUEHES sk A A RS oshe AAEA HPY
AR HAPE o] 8=l A uf- Fstttal & 4= qlok E3h
22 AR HPV 9] AJ4A01 e tiAl= F59
ol 4T Y Ag AR &2 whdaly] $1%t =t Sk
HEar QleHi3). whetba], Aol theh ol B} BUEH-S
QIRE =3t HPV F-4A S Ak 2l Ao fa/d 53
ol A MlZHAF Ak} ApESbE FQ%E oulE 7pRIkaL & 4= gl
CH14).

HPV 72452 217} 2 i she 2ol uhet 199l
WA R RRE, 5
wof o] 2ol g 4
HPV 1632 AAAIR O 2 71 2 4 ES 2oL, T g
N9l HPV 18 0.2 d2fA] Qlon, ofAJoto A= HPV 58
o] Hrt go] BilE= 5 A9 uhet thE FAAE Y BE2E
Ho| 1 glow o A= HPV 168 th3-0 & HPV 5831} HPV
52%0] HATE|RITH17-20]. E3F 3} ofze]7holl A A A
B 5 7P =2 RS ol AR HPV 163, 18’58’,

5%, 313, 33902 AHA Q)L oFAJoto| A= HPV 16§
3, 2% 02 B wa glh2l, 22 o oa;LoﬂAi% HPV 52
5364 70 4364 1689] A2 TS BT, o] Wy
P% L}EHH EH25—25] Wb, o

£ olg 4|

l'ﬂ-]:IIrﬂu

il r

|

WY

A7
=z ]
=
A

fuo1g r
N

53], o A AatofA HPV28 Detectlonﬂl*i‘ﬂ A=H
HPV 3421891 538, 443, 663, 8282] 7-9-(Fig. 1), HPV DNA
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Chipof|A] HPV28 Detection?} T2 FAAH O 2 HEZE ALy
HPV 24 E+= other typeS & HAE oM HPV 4 F&=
other type 2.2 H-A% 72| 5 Cyclic-CMTAL] %){0] “4rolrtel A
Aol thal /I HARAO 2 HPY §AARE Bolat A,
HPV28 Detection®] 5-AA& 1} AX|5H2- QO]O]—OiL B vhdo)|
ufel §Ae] Bk TR A Uehbs 2 Shels 5 leic

HPV hybrid capture 2 (Qiagen, Silver Spring, MD, USA) AAI=
ARl A HAE olgatol ek BAE 4 Yev)
A3k A7 o} B0 ig 27 9lo] MRANZA 8401 4
ZF A=, vlsk 4]39)2F=H(U.S. Food and Drug Administra-
tion, FDA)o|A] Z¢l=|oick Teu Zhdsl HPY & ix} X=X
3k 4= 13, HPV hybrid capture 2GAM|A A= 7153 ?ij]-?‘ﬂo
ojelo]l thE AR = HE St Bol= B2 —r7<ﬂ7} A71%5n
Qi o)g3k thd2 s as=E 4= %\% HPV DNA chip AA= ZF2F
o) A3 A3 R WAle] A Tl B AT &
S1o] 252 HPV 20243 22461 8] o813 3)ck Tefehcom.
= HPV DNA chip AAMHS A& 7153t
HPY 70430} kel POR %2 80| 5551 9k(26] PR 52
AHES T chip 910 IRMESE A7) AL ol 5 4
DA B2 S, B PR ZBAHES 1Y g2 o
o T2 29102 Qg bl 2k e Zea 4 Qe TS 7
T gick ol @7 ATl F Ashbe] o Wi Ao o}
£ Ade 7t AgAtol 4] HPV28 Detection> 3 BHE K5 &
Ut AW Hol= HHH, HPV DNA chip HAH= 3 WHe A EofA
=3 AuLE x| E5HTH(Table 2). E3F HPV DNA chip2)
other type®] A= PCR F2-2 0% 01} chip A} 24491
7392, o]fgt other typeo] tgt G714 DEA Axl, %= HPV2S
Detection®] AT} AA|5}+= AFE Hrh o] HPV DNA
chip®] o} HBHEE T WAHE AN 0 R B 5 gir
Altk7F HPV DNA chip®} HPV28 Detection®] A& Z+2f
40.6%, 43.8%2 = AL 7k0] 2 Zpoli= §1gLoL}, HPV DNA chip
o A19] FETHE-2 3.6%, HPV28 Detectiono]| A= 18.4% = L}E}
W tH(Table 1). ©]& common primerE AM-3}= HPV DNA chip
I} type specific primerE AF-8-51= HPV28 Detection®] A}o| 2 &
S GITk oAl HPV AISHS: JjAE HPY 343 50] tigt
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