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Clinical Usefulness of a DNA Microarray-based Assay for the Diagnosis of Sexually

Transmitted Infections
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Department of Laboratory Medicine', Chung-Ang University College of Medicine, Seoul; LabGenomics Clinical Laboratories?, Seongnam, Korea

Background: Many molecular diagnostic methods have been developed to detect sexually transmitted infections (STI). The STDetect Chip (Lab-
Genomics, Korea) which is a DNA microarray-based tool, newly developed for STI diagnosis in vitro, and the real-time PCR-hased Anyplex STI-7
(Seegene, Korea) in clinical use were evaluated using ATCC DNA and clinical samples to determine the clinical usefulness of the STDetect Chip.

Methods: The two methods were compared for consistency, sensitivity, and specificity for 6 pathogens in 300 prospectively selected clinical sam-
ples. Analytical sensitivity for ATCC Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma hominis and Trichomonas vaginalis DNA and the

effect of mixing bacterial DNA were studied.

Results: The consistency of the two methods for clinical samples was superior at more than 0.92 kappa value. The sensitivity and specificity of
the STDetect Chip compared with Anyplex STI-7 were 90.5-98.8%, and 95.6-99.6%, respectively. With similar analytical performance for ATCC
DNA, the STDetect Chip detected 10° ng/pL of N. gonorrhoeae, 10 ng/uL of C. trachomatis, 10 ng/uL of M. hominis, and 10° ng/uL of T. vagina-
lis. For the mixture of three bacterial DNAs, less sensitive detection level was observed for T. vaginalis.

Conclusions: The STDetect Chip showed good agreement with the Anyplex STI-7 test and it is considered clinically useful for detecting sexually

transmitted pathogens.
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2, A1k ao] 7RI 471391 Bl A4t Ao
A5 SOl uolei2rt §s) 2B i ApE 97}
BeH4lL

AN o] o) ARl BA

3A}2] Anyplex 1T STI-7 Detection kit (Seegene, Seoul, Korea)= 7
o) 4 2k o] 7o) kst BAEe et o
271712 @A olA AREEAL Q= AAReItHOL BHE DNA
Microarray 7]4-2 7|HEO. & &)= STDetect Chip (LabGenomics
Co., Seongnam, Korea)2- 105:2] AJuli7l) 7+ 2] HEe] 7k
353t 7949200 A22Iet Akl STDetect Chip A2k |
FOPRERHIA] S7hE W AThke A Alote] 4
Fe AT U2 o2 Iy Y HAIE ol 87t A
HAl= WA gt ofofl & AtollAle= o AAlell thEt vl 3
Tholl OPHE £l G7E Sastol, STDetect Chip ZAR2] QA
o .
8

A 4848 Whehnn s

D"

1, AT ChY
QAT AL AR T el olslalale] $212 ke

$(2015-R0D), 20159 3UF-E| 7471A] PCR 7|4E AJuli7l] 2 AL
7 o= e AA| T AAF G HS 30078 2] o HAIE ©]

83199} 3000 F oA BRF= 1619(53.7%), ‘A B 1391
(46.3%)°130t}. - /o] Hat A 3284|130, 204 1]
Tho] 12%(4.0%), 20-294] 129%8(43.0%), 30-39A] 917§(30.3%),
40-49A]) 4574(15.0%), 50-59A1 178(5.7%), 60A| ©]/ 6T (2.0%) 2.
2 AR AAY 5= A AlEXvaginal swap) AA|7F 74
2A24.0%), A Eu)E(vaginal discharge) A 3071(10.0%), 228 7
A 18671(62.0%), THF- A|FZZ 6712.0%), AHAH 371(1.0%) L]
AL 789 HA7E 12019%)°131ek ol5 zho] A 3007H0] thste]
STDetect Chip¥} Anyplex 1T STI-72. 2 AALS $351%ic) U3t
Aol gt DNA =20l 23t Gk viAlskz] fistod, o 319]
FE= Hoj%l DNAE o]-8-5}0f 3t 74| Wi o = WA| A}l
Lol DNAS 7K 71 o] 342 A2 Saelsict

STDetect Chipd} Anyplex II STI-7 Detection kit 5+ FHAFHS] &
A U, A ARAA B7EHE flsho], 471A] 2] DNAS
TJsto] ARgSFoATt ARl 471A] EFEASE DNAE Neisseria
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gonorrhoeae (N. gonorrhoeae)®] 749~ ATCC 53420D-5, Chla-
mydia trachomatis (C. trachomatis)2] 73-9- ATCC VR-870D, My-
coplasma hominis (M. hominis)2] 73-9-+= ATCC 23114D, Tricho-
monas vaginalis (T. vaginalis)®] 735 ATCC 30001DE- o|-8-5}%
o) ZF 3 ot 1ng®] F48A] 78 = N gonorrhoeae 2] 73
£ 91X 10° copy, C. trachomatis= 2F 2X10° copy, M. hominis
3% 10° copy, T. vaginaliss= 2F 1x10° copy2 AAF=RITE
W LS Slsto] A R 10 ng/ule] A A RS T
o, o] 1/104] 8415}, 10 ng/ulFE 10° ng/uL7kA| 2]
RSOl 2k A % 5 63] Aleto] 1 olie

Y H7Hs 2 molA] 19 3314 22071 Bt
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O] DNAE Z1Z} 111, 1:1/10, 1:1/1002 A 74 Wo g &
, O1& 1/10% 3]45}] 10 ng/nLFE 10* ng/pL7kA| 2] A
125 The 3 33] Whaste] HARSHITE Al 7HA Ao
2 M. hominis, N. gonorrhoeae, Z18]3L T. vaginalis 5 1:1:1
T} 1:1/10:1/1002 EFFskaL, 3 2 1/10% 3]4]s}e], 10 ng/
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STDetect Chip> DNA microarray 7]&-& ©|-835}9, 1052] 7+
QA WU N. gonorrhoeae, C. trachomatis, U. urealyticum,
M. genitalium, M. hominis, T. vaginalis, Gardnerella vaginalis
(G. vaginalis), Candida albicans (C. albicans), Herpes simplex
virus-type 1 (HSV-1), Herpes simplex virus-type 2 (HSV-2)& A<
S Qlek ko A= AHAAR 3 A7RA] 20T ofste] WE
Hysiglon, Hyr|7he 255 H71A F3Uth DNA 52
QIAamp DNA mini kit (Qiagen, Germany) & A8-5131.0H, &
% DNAQ| 5 pLE Aol AR8-8k3IT) T (Multiplex) PCRE ¢
so] 2% DNA 5 pL, 2x Master Mix 10 pL, AJHA] 3 ul, S/
2 pL2 F 20 plé| PCR M4 wHESITh PCR 7]7]&= H2]E]
(Veriti, Applied Biosystem, USA)S A}8-5}91.0.1, 94 Cof|A] 5E-7¢
SIS -, 95TCollA] 50%, 57CellA] 45% 12|31 721Col|A] 5029
2712 383] WHE5}9ic} STDetect Chipol] PCR ZZ % DNA AHE
40 pLSF W2 9 160 LS W11, 47CoIA 9087 T WSS
4=395}99T). STDetect Chipg A3 & FFA7H(GenePix
40008, MDC, USA)& o]-§-5to] HAL A5 TH=3}3iTt.

Anyplex 1T STT-7& AA|7F PCR 7|42 0|83}, N. gonor-

http://dx.doi.org/10.3343/lm0.2016.6.3.171



2o Xt 2| DNA Microarray—based assay for Diagnosing STI

MO

rhoeae, C. trachomatis, U. urealyticum,
nis, T. vaginalis, U. parvum 752 A& F Stk A2ZAP Al

Sz A el et AL stk

M. genitalium, M. homi-

3. SA=EA

= Zptlo] o AAoln R Zat 3t 7 sk Len
A gromg 7)) 2x2 Fahi(contingency table)E AME-5)+=
A Aol ofeirk ololl A AE A 7 ANE UehfES
R %, 3x3 EHE 1AL o] 27 E Kappagle -6to]
1) 1A QA B HEICHS) ol Fo, AL AL N
gonorrhoeael] 7355 715381, N. gonorrhoeae &= ¥ A
= NGE, N. gonorrhoeae} T2 A7} Ao YeERES 749
= NG-OTZ WL, N. gonorrhoeae BI7} ¢l Aol 7Lt
SO m= 00 2 MEEITHTable 1),

Table 123 YA =E Hekslr] Q)3 Kappaghy} 2gHS o))
of Ajof 2718t Alxtsitt. Kappaghe A dAet &-EPo<
ol oJaf) & &= Sl YA H=(Pe)E HiAISH] AFERE YA =
of A|Eoltk. F AAl Anke] QX7 olo] oJ3) AT A
Hoj= =t Kappagh 0 o]4do]at, 9 A2l Z-f-ofl= 10]
1o ot Ux| Hr= Kt Y Kappagh 0 o]t B
QItk Kappagko] 075 o/dolH A2 ofg= 302, 0.4 w|ito]
H AR &= Y20 2 HIFSFAITHI). ZgkKappa/s.e (k)2 25 Z-
test®] o4 P<0.01Y A9 4710lA AT I3 = Hg2
TAACR Fofsitt & HAR o2 UEh= 6714 AR At
Sfstol Zhzke] UX| w2 BbsIec

Po=Y p(i,)=1/7+0/7+5/7=6/7=0.857

Pe=Y p(i,) X p(,)=2/7 X 1/7+0/7 X 1/7+5/7 X 5/7=27/49= 0551
Kappag} = (Po-Pe)/(1-Pe) = (6/7-27/49)/(1-27/49) =15/22=0.681
s.e(k)=1/(1-Pe) X 1/N X+[(Pe+PexPe-Y{p(i,) X p(,) X (p(,)+p(, DD

AA) A W S|t ulmAR 2 ShelaARe] it 2
X2 HEHES ol §fe] T51eich £ 1T STDetect Chip
PAPHS] QY A G 7H S Selan 1A, ofu] QoI AHg

Table 1. Example of "3x3" contingency table

Results of STDetect Chip
Total
NG NG-OT  Negative
Results of Anyplex STI-7 NG 1 - - 1
NG-0T 1 - - 1
Negative - - 5 5
Total 2 - 7

Abbreviations: NG, Neisseria gonorrhoeae; NG-0T, NG and other pathogens.
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%1 Q)&= Anyplex STI-7 AAME ERIHARI S 2 310 STDetect
Chip AAPHC] AAF QIR E &} Eo| g 43819t

2

1. & oM ZAL Hs
3007 YA HAIE AT = STDetect®} Anyplex 5 714] A}

HO R HAFE 93 At F 7] AApE 9Rshe A= 277
71(92.3%)0190c}. UA|ek= A HAQ] AAF Aatg B 540
22%(79%), T WY AR 110H(39.7%), 2 7HEAAH= 92
H(33.2%), 3% PR 44H159%), 4% A= 8H2I%) 1

23l 5% A ARZE 1704%)0130ct. 277719] 7 AP} dA|5h=
AA o gt 6 £ HHTFL 46370190, U urealyticum®)
12574Q27.0%), C. trachomatis7} 11271(24.2%), N. gonorrboeae?}
73705.8%), M. genitalium?} 557111.9%), M. hominis7} 7971
(A7.1%), T vaginalis7} 197422 41%%c}. 237} SUA|6)= 23
A T Aojte shue] AAI7F dAsh= A-9-7F 214014, g
A= Y2} U urealyticum®t M. genitaliums 2o SYA|81H%aL,
3t A= STDetecto| A= C. trachomatis %732 Anyplexof| A=
73 AnE E3itk
oA ZHA] Aduli7l Aol s ZH2} Table 147 3% 3 w23
2 o1 0|28 Kappaghth Z2he okl F 74 FApe
S B AT} Table 291 Lk Qe 674 W] 2
A7} B Kappagho] 092 ooz, SAAC = Fo3k 4~
(P<0.00DOfA 4% DA =7} obF= Fog KT

AN 2> 1o k&

2. STDetect Chip ZAte| 2IZi= I E0|=
Anyplex STI-72 ERIHA S &2 7143}l STDetect Chip=
vl AP o 2 38 w, STDetect Chip HAR] 7= U Eojx
= Z¥2} U urealyticum-2- 95.7%, 98.8%, C. trachomatis= 98.3%,
95.6%, N. gonorrhoeae= 974%, 98.7%, M. genitalium= 95.0%,
99.2%, M. hominis= 98.8%, 96.8%, T. vaginalis<= 90.5%, 99.6%
2 bt

3. HE 7% DNAE o|8¢t 2M i ot
$& 25 DNAS o] alo] 24 ThEs Wla

% C trachomatis= 10" ng/uL, N,

T vaginalis= 107 ng/uL7k] A& —’F LS HYtk & A5
2 20| the} A2 B)4 7} ol7h QLo M. homi-

nis7k AUH O 2 th2 BF JFEL} U] W %21 10° ng/pl

of| 4] STDetect Chip HAPH O 2 AE0] 7153 tHTable 3).

= DNAS

23}, 5 4

onorrhoeae= 10" ng/pL

N. gonorrhoeae?} C. trachomatis®) & 71A| Z
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Table 2. Statistical kappa and Z value of pathogens to determine con-
sistency between two tests

uu CT NG MG MH v
Kappa value 095 094 095 094 093 092
Z value 203 20.5 218 208 17.1 159
Pvalue <0001 <0001 <0001 <0001 <0001 <0001

Abbreviations: UU, Ureaplasma urealyticum; CT, Chlamydia trachomatis; MG, My-
coplasma genitalium; MH, Mycoplasma hominis; TV, Trichomonas vaginalis.

Table 3. Analytical sensitivity for ATCC DNA

Concentration STDetect Chip Anyplex STI-7
(ng/pL) T NG MH TV T NG MH 1TV
10 D D D D D D D D
1 D D D D D D D D
107 D D D D D D D D
10 D D D D D D D D
10° D D D D D D D D
10* D D D ND. D D D ND
10° ND. D D ND. ND. D D ND
10° ND. ND. D ND. ND. ND. ND. ND
107 ND. ND. ND. ND. ND. ND. ND. ND
10°® ND. ND. ND. ND. ND. ND. ND. ND.

Abbreviations: D, detected; N.D., not detected.

1:1, 1:1/10, 1:1/100 Zg5}o] W] w3t AAF 23}, = HAPH 2= 102

ng/uL7HA] AE3FALE ohet Anyplex STI-7-2 107 ng/ul 5o A
N. gonorrhoeaeit-2 HE3, T3 DNAS 291 49 &
Frol wheh el HEdao] A9} o W 54 FEold
HESA] 592 BT}y M. hominis, N. gonorrhoeae 2 T. vagi-

A3} Table 4]

nalis®) N 714 ZZ2E2 Lg_ 33 J’ﬁi #o.0] A3
Z

gel=lo] lok Al 7] &

o A9rk o} vhe S oA 4EEA gk 2 4 itk
o #

A7l e Hom e S8t Ao, 2 At
A R 671K Z 2] A, N. gonorrhoeae®} C. trachoma-
tise =7kl A TRIStaL Q= A7l ZHdatoll &etch E3t o)
o g Aulf 4 Atz B8] ERE= U urealyticum,

M. genitalium T3]3 ¥ZF3] T v ggznglu——- 2712 e gake

oFAgE Auff T HYAR & AItHsl. M. hominis=
oF2] Falsh Azl T Hx ]it =5 QA AT A

202 Z4ejo] 7Hsalol, ol Eekeh STD Aekg
o] 7iekE] a2 QITH10, 11].
STDetect Chip> DNA microarray 7|4 7|HEO 2 SHAF ZA}

Ak AL 71
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Table 4. Detection results of MH, NG, and TV DNA mixture

Concentration STDetect Chip Anyplex STI-7

(ng/pl) 1:1:1 1:1/10:1/100 1:1:1 1:1/10:1/100
10 MH/NG/TV  MH/NG/TV MH/NG/TV  MH/NG/TV
1 MH/NG/TV MH/NG MH/NG/TV MH/NG
107 MH/NG/TV MH/NG MH/NG MH/NG
107 MH/NG MH/NG MH/NG MH/NG
MH:NG:TV mix=1:1:1, 1:1/10:1/100.
2 59T 4 Y 10 AUG 9271724, aEA He
A AE 9 548 £40] 7Hgsittiz. @A JH o= AHga)
3L Q= Human Papillomavirus (HPV) ZAFE- DNA microarray
= 300] F2] HPV subtypes A&3to] §-48 £40] 7hs3ich
[13]. Anyplex STI-7= AA|7F PCRE o]-&35}o] ZHaA n|EHY

Ao HE 9 {HY £40] 7Heshes 1M 7]&oth Any-
plex STI7 £Jo]] STD A A|EC & Cobas AMPLICOR CT/NG
(Roche Diagnostics, USA) & Abbot real time CT/NG (Abbot,
USA) =-2] PCR 7|9+ A7} Qlth AA|7F PCR A= SHALS =i
SFA AL Z2hE vl o 4 9lrk o] 9lck DNA g o
B3 HARs AT TS S8 270d 7 B asie
SRS Tike 2 7heds A3 AN 7B O
o] 7jutE]o] AHL-SE] T 9l om SAJSl AckA] Alg- &
A Q)AITE 0] 7]7]0] AFEAof| tjgt AL R Eo]
-8R BEE Slstol Bas 0w Dok
3t 7144 Xl;cz].oﬂ jslo] 74 o] e A
AFL BAs)= & 71A] HAF 7]5F HAFES 1)
oA tiAlH o2 = 7] HAPE Yx|sh= Ak
2}, 6714] Aol 7H9 Aol ot STDetect Chipe] Z4}] 71
e T vaginalisS A3} 95% 0JAFS, B0 w959 o)A}
= Hof, FAR| iRt 9l So|=7} vlwA A Y2 o= udt
Hek ot 7 vaginalis®] 7 UE7F 905%2 ATjzo 2 o
Al AT EEwt S DNAS 3¢t Aol STDetect Chip®]
Anyplex STI7RE} T vaginalisol] Wigt 24 WIZI=7] 29k=y),
AR A HAoll A= STDetect Chip2] RIZHE7} HojZ-S Hoj
A 71e) S} g A 7 A ﬂﬂﬂﬂﬂgiﬂﬁ
Ak, B4 Do T vaginalis7} TFE E3 wt30] H]E] &
107 ng/pL— BRI AL T vaginalis® 718 47} 1 X 10°L. 2 1431—
7] 2l Ao 2 o AR
(712] ¢A7LollA] STDetect Chip& 137} WA Aol
A =2 1I7HE (95.1-100%), E0] %= (93.4-100%), YA % (95-100%),
A ZE (69.8-100%), & *é A ZE (93.1-100%)2 HYck & ot
oA STDetect Chip®©] Anyplex STI-73} LA = 3007401 tfja}o]
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HHZ: A7) ZFed o] kS f18f ofe] 71A] EApho] 7]
o] AFE-E] L QJt} DNA microarray 7|5H] AJufj 7] 7+ ZIeh-8- A
It o7 7)7|2 2o 7fekE STDetect Chip} oJu] YAto]
A AL Sl AN FHELANS S o1 Anyplex
STE7o] thsl] EEwt5= DNASL A of-8-5tof 7 74| A
o] 244 A 9 STDetect Chip®] V4] -84& B7FslL
2} stic

i Ao 2 dofzl i A 3007-& e =2 6714] e
Aol chslf = 7H4] AAPS] A= B Y TE W BoleE
B89} Neisseria gonorrboeae, Chlamydia trachomatis,
Mycoplasma hominis Z12|3L Trichomonas vaginalis ¥ 71X 3
= wtof tisl 2414wt 9l w5t EFERE v dE 9
ol ol 24151

Zab: I Al tigt FAR A3 DX == 092 kappa oo =
-2 =33t} Anyplex STI-73} W]t STDetect Chip2] FHA}
Y7 E+= 905-98.8%, 5olk+= 95.0-99.6%F HIth Fout
DNA| tfsf] kAo 2 FARE 44 Ao H31.om, STDe-

=

tect Chip2] 3% N. gonorrhoeaes= 10" ng/uL, C. trachomatis<=
10" ng/uL, M. hominis=10° ng/uL, T. vaginalis= 10° ng/uL7}
A A=A Al 57 SRS woll T vaginalis®] &5
o] olHick

ZAZ: STDetect Chip Anyplex STI-72}2] AAF YA =7} =0} 4
o 7] 2 A Aekol] sl A 84S 7= Al
ekt

I o
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