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The purpose of this study was to evaluate GDH & Toxin (GDT) tests for the identification of the presence of
Clostridioides difficile (C. difficile) as well as to detect whether any toxin was present in the feces of patients suspected
of diarrhea associated with C. difficile. Data related to the results of toxin and culture (TC) tests and GDT tests conducted
on patients with diarrhea and suspected CDI between January 2017 and august 2018, positive test rates, patient ages and
sexes, whether the patients were hospitalized, and turnaround time (TAT) were analyzed retrospectively. Of the 7,554
total tests conducted for CDI diagnosis, 1,010 TC tests (14.9%) were positive, while 92 GDT tests (12.0%) were positive.
Of these positive cases, 815 (80.7%) identified through TC test and 80 (87%) identified through GDT test were inpatients.
also, among the patients with positive test results, 497 (49.2%) diagnosed through TC test and 45 (48.9%) diagnosed
through GDT test were aged 61 years or older. The total time required to complete a TC test was 83.6 hours, while the
time required for a GDT test was 11.2 hours, equating to an approximately three-day difference between the two tests.
The detection of toxin-producing C. difficile is important in CDI diagnosis, but the commonly used Enzymeimmunoassay
(EIA) toxin tests with low sensitivity result in delayed CDI diagnosis time. Therefore, primary screening tests for CDI
diagnosis using the GDT method and secondary tests using additional methods are considered most effective.
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Clostridioides (Clostridium) difficiles- 52202 13k %A (antibiotic-associated diarrhea)®} $1=4d o< (pseudome
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-mbranous colitis) 52 U 07|11, C. difficile®] A= 3+
oA HES F8l Aol H7] uitel] Al 7 Hell
A 1 F8rdo] Hak AA|aL QItKCho etal., 2010).

C. difficile 7432 XA T dALe] 2l F 10~
20%RHe AAHARE BA8A] 2| mek v e A
o= tiFte] YAS AA| g Bartlett, 2002).
+% C. difficile Infection (CDI)2 35S do7|=0|

o] oA A5 MRow S4HM 54 At 4
ZH(Toxic-megacolon), FHF, HEZF, Al o2+ v
st 35S YEATH(Lo Vecchio and Zacur, 2012).

C. difficile T “AANC. difficile-associated diarthea, CDAD)
o] A1 A ARg o= Qs A At FE7F o
AE 2, HE 249 C difficileo] oA R SFEEA
A=, Al ARl STFsHAV #Ake] 9 &
7do] C. difficile®] o}ER Q9% A% C difficile 3THE
=712
2002).

C. difficile®] T8 = A oll= & =A(endotoxin)!
toxin A (TedA, 308 kDa)9} A&
B (TedB, 270 kDa)7} 0L, toxin A9} B A|3E ol A
Guanosine triphosphate (GTP) A3} ©hiol] 2183l g3t

= 4> (cytotoxin)$! toxin

M3AE9] cytoskeletons I 3le] A|E &S sl A
= B AE AEAE oA AWs dor)7] " C
difficile®] AT} C. difficile 54 F52 &old= ﬁol

% 2.3}K(Poxton et al., 2001; Kelly and LaMont , 2008). CDI
= W 7IRE S7kek fmHE S7HA7IAl H= Chl
A BRake] Ha W A et 3~790] SUHSHA
3L, ojmH|E AZF HA 109004 489 @] AaHUT
(Dubberke and Olsen, 2012).

CDI9] X2 GDH & #HAF %4, Enzyme immuno-
assay (EIA) 54> AAKtoxin A&B) FA, AlZ 54 S84
F(cytotoxin neutralization assay) ¥4 = 3
(nucleic acid amplification test, NAAT) ¥4 <1 74-9-oll:= toxi-
genic C. difficile= B335, =3+ GDH &9 44de] 7

& F7F HAARES Eell RkEA] A3t gklEofof &
Rk EIA 542 AL = AE 54 T3AE &

Aol vl AL T 3 7HA] AAVE
AlgsljoF ghrhar AlRbekal QlTh(Surawicz et al., 2013).
OZ]:ILO]]/ﬂL—— /\1% v/,\_]H ZOOOtﬂ}\]— o]/\]—_q 017“ /\1—3
AN C difficile T AA) o)A FH = 419 4
oA C. difficile 5737} C. difficile =2~ A 55 &
ol

Se1e = 51 ODH & Toxin 7419] F-8-9% 7}

= ==
S

" o

r}u: > 0

R

N

]

Ql% CDADY] A HIE%E F718HK(Morris et al.,

>

[o
o
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ol
ol

3lod, Al C. difficile XA 2 kX
= 712ARR 8k & 2t

o
o
i)
k]
32 o
T\;‘N

NEREOET
A& A

20179 1€ 195E 2018 8L7HA] A4 24 2,000
A ol U7 AFETEYAAN C difficile Y AA}
o)== $219] C difficile infection (CDI) 21H-S- $18) =
28} vioF 7L, GDH & Toxin AAME 9)=]9 & 7,5547
S o R ATs AAEh

C. difficile S22} HIF ZA}

Enzyme immunoassay (EIA): Free toxins A& B A& 54
A= RIDASCREEN (R-Biopharm, Darmstadt, Germany) A]
OFS AbE &4 WY 47|91 GEMINI (STRATEC Bio-
medical, Birkenfeld, Germany)& A-8-3ll A W C. difficile
5405 BT A e C difficile®] 54 &
A7 ZHEH & vle]a2 E¥ o] Eell(microplate)©ll
AAE EFote] FREAIXD F AAA, a3 A €

=4 =
SRS 3 C dificile 540 Y= 5833k A3
= FHEE A8t S (positive), =d(negative), A

X F(equivocal) 2 FH3}SITh

Chrom ID C. difficile agar: C. difficile®] W% HAZ
Chrom ID C. difficile agar plate (BioMérieux, Marcy |'Etoile,
France) W Alell 241 AF3laL, 31T Ak $Hg ol 4] 4841
7H e F B4 B gedle] BHe AAZ A
deh S 20N sl 23 4

o B

Nucleic acid amplification assay (NAAT): Chrom ID C.
difficile agar| A AT C. difficile®] €)A22]$ §A o
ALl S A5 DNA F5 ]9 MagNA Pure 96
kit (Roche Diagnostics, Mannheim, Germany) & A8} #|
ZAH] 7<17<1°ﬂ w2} DNAE F&313ith 5% DNASt
A|ZAF E2 triose phosphate isomerase (tpi; a C. difficile -
specific housekeeping gene 230 bp)<} toxin A gene (tcdA:
NK2 & NK3 251 bp) ¥} toxin B gene (tcdB: NK104 & NK105
203 bp)©] Lo E o]gsto] iks FHAR § A7)

-211-



Table 1. Comparison of monthly positive rate distribution for toxin Sl st s ttEy, 31} HAE 25 uL H7IsHSITh
test, culture test and NAAT test of C. difficile L B
i AA-S 27N E BT 500 i FAHE Tinol
11 0, .
Mo 1ol POSCC)  Negtve  2xo] ) ol sample welhel 5k LA 15
(] 1 0
Toxin Culture NAAT 7F WRS-A)7) 3, A H NS w3 Zhreaction window)ol 5
395 32 73 54 341 L s -
Jan (1000) 1) (185 (137  (863) k5 7] A HN(substrate)s Hojree] 1048 5 I A
ry 325 13 37 25 300 H=3koleh
©1000) @0 (114 (77 (923)
366 22 71 48 318 llumigene2 0|3t C. difficile®] & Tlumigene (Me-
Mar 000)  (60) (194) (13.1) (86.9) umigeneS 0182 C. difficiieS] #E: llumigene (Me
136 0 7 45 317 ridian, Bioscience, USA) ZHAl= C. difficile®] 54~ 74}
AT (100.0)  (55)  (196) (124)  (87.6) 1 B2 A HEsE AR Ao BHe B4
419 30 80 56 363 & (endpoint)ol| A 37 E(light transmission)®] H3HE =
May 1000)  (72)  (9.0) (134)  (8656) et el o ol Al , N
403 2 o s 47 Aoto] A=d kS ol-&shH, AF=E Sf (signal final)%} Si
ol i q000)  (72) @33) (139 (86.1) (signal initial)2] B]&-o] 90% WY - FAJo = HA3)
! Il 416 28 97 61 355 31,90% °]/dd g Sz FAs eI
W (1000)  (67)  (233)  (147)  (85.3)
424 28 91 67 357 >4 9
AUZ (1000)  (66) (219) (158) (842) 2 3
401 28 91 65 336 e oL Hb = o
5P (1000) (83) (1.5 (165) (83.8) C. difficile ZAL SHO| he Zt
377 30 103 77 300 fhicilee] SAQt HIOF ZHAF QS s
Ot (1000) (100) (273) (204) (796 C‘i'fﬂc”e’l ik }k Jidﬁ’ cile S5
oF A = E ok e YUwm 0,
oy 3% 31 04 6 01 HjoF AL & 6,78971 5 A2 A 25.571(6.9%),
(100.0) (8.1 (245) (164) (83.6) i A 79.871(21.1%), AHsE H A 56.171(14.9%)
403 15 95 64 339 ©2 UERITKTable 1),
Dec1000)  (37)  (236) (159 (34.1) K )
Jan 426 33 111 77 349 - . _ N
(1000) (7.7) (26.1) (18.1) (81.9) C. difficile?] GDH & Toxin ZAl 2ME: 2018 6¢¥
Feb 354 22 62 36 318 GDH & Toxin AAF & 1527 % GDH 39 %A 334
(1;)60;)) (62'12) (167;) “gf) (zif) Q17%), =4 %4 871(53%), ©] = GDH &9 AAF A
Jois Mar (100.0) (500 (183) (150)  (85.0) o|om, =4 AL 241 A= Toxigenic C. difficiles
apr 37 2 64 49 308 Zlet7] f1el NMuminazene HARS AAISE] YA 1071
(1000) (58 (208 (137) (863 (6.6%)S LERITE 798 % 38171 5 GDH &Y 7AF &
380 35 78 67 313 X3 767 =2 7AF 9k 214
May 1000) (92) (205 (176) (824 d 7671(19.6%), =4 HAF 2171(5.5%), llluminazene
a) AT geo = o] okx
Jun 236 20 56 46 190 HAAE 4 2071(5.2%), 892 F 23271 T GDH 9 ¥~
(100.0) (85 (23.7) (195  (80.5) 5571(23.7%), 24 A 1773(7.3%), lluminazene A} %4
Total 6,789 459 1436 1,010 5,779 1671(5.9%)= YEFITH Table 2).

(100.0) (69) (2L.1) (149)  (85.1)

Avernge | 3772255 798 S61 3211
€ (1000) (69) (2L1) (149)  (85.1) C. difficile ZAIH2| RIZIER} S0|= HI D AS vk

(TC) #AL, GDH & Toxin (GDT) Al & 54 AR digh
zime}l o= i ke ¥4 754—5 TR F
BEe B3 AAE FRIESiTh EpFl=d
TC 7AFe] RIZFE9} Sol%= ZH7} 30.8%, 99.5%(95%
AFFIHE YERl o, GDT AARA = 212} 56.1%,
Al HEQI SAMAZMHS 0|8 GDH & Toxin A 100%(95% A& 77HE YeRo] GDT AT TC AR}
Ak AlzALe] X Aol w84 Ny} EFA 0] E(conjugate)  WHE 25.3%, S501% 0.5%= =AU TH Table 3, Table 4).
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Table 2. The monthly positive rate distribution for GDH, toxin test and [lluminazene test of C. difficile

Positive (%)
Month Total (%) Negative (%)
GDH Toxin Illuminazene

Apr 152 (100.0) 33(21.7) 8(5.3) 10 (6.6) 119 (78.3)

2018 May 381 (100.0) 76 (19.6) 21(5.5) 20(5.2) 305 (80.1)

Jun 232 (100.0) 55(23.7) 17 (7.3) 16 (6.9) 177 (76.3)

Total (%) 765 (100.0) 164 (21.4) 46 (6.0) 46 (6.0) 601 (78.6)

Table 3. Sensitivity and specificity of toxin test measured based on culture results in toxin and culture of C. difficile
C. difficile culture Sensitivity Specificity
Positive (N=1,436) Negative (N=5,352) (95%CI) (95%CI)
. Positive 442 25
Toxin A & B . 30.8 99.5

Negative 994 5,327

Sensitivity Confidence interval (CI): 28.45~33.22
Specificity Confidence interval (CI): 99.31~99.68

Table 4. Sensitivity and specificity of toxin test measured based on GDH results in GDH & toxin test of C. difficile

C. difficile culture Sensitivity Specificity
Positive (N=164) Negative (N=601) (95%CT) (95%CT)
. Positive 92 0
Toxin A & B . 56.1 100.0
Negative 72 601

Sensitivity Confidence interval (CI): 48.45~63.47
Specificity Confidence interval (CI): 99.36~100.0

Table 5. Comparison of toxin test, culture test and GDH & toxin
test for diagnosis of toxige nic C. difficile infection

Method Positive (%)  Negative (%)  Total (%)
Toxin and 1,010 5,779 6,789
culture (14.9) @85.1) (100.0)

. ) 673 765
GDH & Toxin (12.0) (88.0) (100.0)
1,102 6,452 7,554
Total (%) (14.6) (85.4) (100.0)

Toxigenic C. difficile ZAI FME H|m 24

C. difficile ZAF A1k 20173 1€ 195-E 20183 84
179744 CDI ek 918f o= HAlkes & 75540 =
Lok wiek AL 6,789 2% 94 1,01071(14.9%)°1 2.
), GDH & Toxin FHARE 7657422 %A 9271(12.0%)°1 31
CH(Table 5).

HH C difficile BAF YHE: 549k vk A €
oF 37770 A S, toxigenic C. difficile AT 42> ¥
it 56.17(14.9%)°1 At Fdol 7HE =& 22 20174
109 7771(20.4%), 2018\ 1€ 7771(18.1%) wolR L, 713
who- ke 2017 292 257(7.7%) 01

GDH & Toxin #A= IRB 51 Al o= A|ghs]o] )
7] wizol] vz} o XNt g & A} A5V B Qe
2018 799] AmOlA = HA4e) vl L] Ht oF]
Aol vlsegt 381310 OFH AL B 4171(10.8%)
] 21 tH Table 6).

ZEIH C difficile BA FEE: =38 C difficile 7
A} FHEL 549 ol HARIA EBFU 2 Hemato-
oncology medicine) 24071(23.8%), -5 (Emergency room)
14271(14.1%), ¥4ke] 7 (General Surgery) 9271(9.1%), 43}
7] WK Gastroenterolo gy Internal Medicine) 8971(8.8%) <=

O eIt
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Table 6. Monthly positive rate of GDH & toxin test for diagnosis
of C. difficile infection

Table 7. Distribution of positive results for diagnosis of C. difficile
by clinical department

Positive Negative Total

Month (o) (%) (%)
Jun 18 (11.8) 134 (88.2)  152(100.0)
2018 Jul 41 (10.8) 340(89.2) 381 (100.0)
Aug 33(14.2) 199 (85.8)  232(100.0)
Total (%) 92 (12.0) 673 (88.0) 765 (100.0)
Average (%) 30.7(12.0)  224.3(88.0) 255(100.0)

GDH & toxin FAFlA= E HE ] #H(Hematooncology
medicine) 2571(27.2%), 20} A~\d ¥ (Department of Pedi-
atrics) 1471(15.2%), 21°¢ ¥Nephro logy Internal Medicine)
973(9.8%) =2 LEFSETH(Table 7).

C. difficile ZARH ZAL A2 A|ZF H|T: 20184 6€¥ 17Y
o A7 = FAet v HAME sklon, 20184 6
18Y - E]+= GDH & Toxin #AAI= B A5t} C
difficile A} Wstel] WE AL A8 AlRFe] 2}olE AL
ALY Aok wld AAL A9 g4 ew Had A
Ab 228 ARRS 4t 83.6417F0]%1 21, GDH & toxin A}
A 2407 Buy ZAF 29 A7 i 112430
2 oF 3¢ wE AyE vehilloh

=20 v AALA RO R BRI AAF A8 A
{2 5t 140.7417F0] 1AL, GDH & Toxin FARlA] 44
o= R HAF A8 AR Hit 12.1A0] 48w
w2 A3 BS 3k thFig. 1).

2
o
jlis4

=t
=

|

C. difficilee 333A] A3+ A XK antibiotic-associated diarthea,
AAD)E Yo7]= thEAQD Sl toln, oAM= A
T #Aow Fste] AEshaL, B4 AATO] A

C. difficiles- 945 A © 71t Hensgens et al., 2012).
C. difficile infection (CDD)E &34 o2 X|735}7] 954
A B AR A 7] E&g 1&g gt dAL
Zdol Q= gkatel tiste] HARE XaEiA ek b
Zo] Faskal, CDI Fehe ghake] tjwof A =
A= C difficiles 5733HAY C. difficile 525 &
ok HeKOldfield et al., 2014). B3+ CDI #FJigto 2
Al
7l

i ©

rlr _11-)1'

rlr ofN [r

A ARE FALF FYAT Tl 2ol B2
O

NG A3E B 5 W) whEel] Aska Yo

¢
o
o

Clinical department TC' (%) GDT* (%)
Hematooncology medicine (IM6) 240 (23.8) 25(272)
Emergency room (ER) 142 (14.1) 7(7.6)
General Surgery (GS) 92 (9.1) 5(54)
El}ilztlr)oenterology Internal Medicine 89 (8.8) 4(43)
Department of Pediatrics (PED) 80 (7.9) 14 (15.2)
Cardiology Internal Medicine (IM2) 67 (6.6) 8(8.7)
Respiratory Medicine (IM3) 42 (4.2) 1(1.1)
Cancer Hospital (CCM) 41 (4.1) 4(4.3)
Neurosurgery (NS) 39(3.9) -
Nephrology Internal Medicine (IMS5) 31 3.1 9(9.8)
Thoracic surgery (TS) 30(3.0) 3(3.3)
Infection Internal Medicine (IM7) 29 (2.9) 5(54)
ﬁzzﬁr;l:r(l}t{%fl_l I){ehabllltatlon 28 (2.8) 1 (L1
Obstetrics and gynecology (OBGY) 22(2.2) 6(6.5)
Neurology (NR) 17 (1.7) -
Orthopedics (OS) 13(1.3) -
Urology (URO) 3(0.3) -
Plastic Surgery (PS) 2(0.2) -
Endocrinology Internal Medicine 1(0.1) _
(IM4)

Rheumatology Internal Medicine 1(0.1) _
(IM9)

Department of Family Medicine (FM) 1(0.1) -
Total (%) (}bool.(o)) (135.0)
(N=7,554)

TC! : toxin and culture test
GDT?: GDH & toxin test

o] F-olRt} F 2 3ltK(Polage et al., 2015).

o]3 CDIE= 1% $ha), 3HAAl| ALg gk} ) skap
A E& AAES HolE Ao RuHded, A
T A3 614 o) 3APAA L C difficile =49}
HIOHTC) ZA} 49771(49.2%), C. difficile GDH & Toxin (GDT)
AR 4573(48.9%)S YEFAIL, 514 o] St A oFd-e
TC #HAF 70771(70.0%), GDT A} 5871(63.0%)°] AT}, CDI
At AA} okA] 3zl = Y -zl vH|ELS TC AAf
81571(80.7%), GDT A} 8071(87.0%)= LFEFH=H), Jeon
9] A7 A}t A THJeon, 2016).

v LA C difficile F73E°] it 21.1%] 1] 3]
toxigenic C. difficile ¥/E 14.9% BTt A U2 3 &5
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Fig. 1. Monthly average test turnaround time for diagnosis of C. difficile infection

AE sk e dFE A Fete], e R
54 AFE AP a7 E SEES AR, AR
% 2~5% A% C difficile®] A= Jumaa 52 A
ZA}te} U] ECHJumaa et al., 1996).

TC AN 2] H4 FHARS enzyme immunoassay 912
o] &k AR AL 48 ARbe] FaL Aol A
shARE, Wizt 2 A Eo] W wiitel TC #HAF
FE 149%, 4 HAL B FEE 6.9%F HER
AT Aol M W RIEE BHekely] 918 it
HE F7I2 Al8Y31Y] toxigenic C. difficiles 7HE 3}
AT} o= 20101 d W= 1| ABE8} 3] (American Society
for Microbiology, ASM)2] guideline®l| %= &13t 4= )&=
d], ASMe|A+= EIA ¥ @522 toxigenic C. difficile= %1
sh= A& A3fehA e Ao® Aasta
Alstar, 1 7re]=ERlol| A= Al 71| 2kare]
Fal led, 2 5 A WA= GDH S 1
Abste] S7de] Lk o o) el Hrke A
X

or o o

;

=]

o
v

N
Mo T

24 o
ax

o

ol o r_ﬂ
[0y
U T =

0

7 ].x
o A, ol e Aol FHHe

We Aaslolof g Hejgid. F WA
]

=

ox
o,
ol
B 82

oN oY do
oy
1o ro

rio
&Moox v

o
< GDH &3} 545 FAlol AAbete] F 744
o] vh& A Toxigenic C. difficile= XT3}, GD
2T 7R Fer U A= 8

Im
dH o AT T B R

o
O

=

2
ol\

W s ik AARE 7T AldEES Hol Stk Al WA
&35S PCR AL B0 2 toxinS Aok ol
ol ASMOllA= o] gh Al 74A] dare]ES F38kaL gL
CHSurawicz et al., 2013).

& AellM= GDT AR TC FARe] VIR,
Hlal 9 Adp val, 1Al Gk FAF A8 A
Aate] GDT HAPE TC AAMRTE I3 253%,
05% Tl =%l GDT AL Hd A &8 ARE
Bl 7|0 % TC HAETE of 39 whE AL 48 A
& &3 AET AARS F]lsklth

¥ A5 A7 A= E 58 GDH & Toxin (GDT) AL 2
llumigene (Meridian, Bioscience, USA) FHAI=Z X18¥ CDI
ek AAPRE Al AJeke HAklS gjlsiik epl 1l
S el skRke] HAI7E ARl =2 Al 34l
Zroll A Bt 1NAIRE Ao AE ARto] 42 857] ol
CDI zlto] A|defo] 7] HAF 2k2F A8 %1 B <
C. difficile 35 3 A9z <19k gkxke] A 713 57,
o FH|E 7t & dWshe 2t US ALE AR

X

—

N oox H T M

o
am o
L to é

b
oo

B g to Aol AL GDH & toxin (GDT) FAFA]
= 54 Al g e WETE stobs, GDH %
A HA, 542 5440 AL vk=A] F7F HARRI llumigene



(Meridian, Bioscience, USA) 7A} 5= Alalste] EQlst=
Aol Ak Az V% Q17 A5l RB 9
Aow AREolN Aze) ol 71E Ateh vlststel
oF 10% Ao AR EHSAIRE C difficile ¥ A}
o B4 Agel 2ase W AL vnd 84

o7
QB |

A ) 7rade] SRS wix|skar Askelar Alddk Ackat
Akl args Folar olwnlge] Aaks o) FmH Far

& Aust g Ao Anw.
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