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msAnwasiliTngUsrasdifionen signal-to-cutoff (5/CO) ratio Tigndasuansnzanlunsssuxa
anti-HCV uazUszLfluNan156s2a HOV core Ag #aa81985u/manasnvasdthedlésunisnsia anti-HCV
#2875 chemiluminescence microparticle immunoassay (CMIA) 210154N81U1ASITUANERS LAAUNTS
Wigsh 169 A29813 1119579 HCV RNA #2838 real-time RT-PCR wazi523 HCV core Ag T signal-
to-cutoff (5/CO) ratio AvanzauUszidiuan receiver-operating characteristic (ROC) $2%319WaN156529
anti-HCV U HCV RNA kazUsziduai1uaannd 939898an130523 HCV core Ag kaz HCV RNA lag
Cohen'’s kappa coefficient Xan1534A51¥% ROC WUAT anti-HCV S/CO ratio 71 5.4 A214l3 100 % uaz

AMUTUNIZ 93.3 % N1515I3 HCV core Ag LFauflsudunan1snsia HCV RNA fauly auduniz @
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MuneNauIn kazAviuIgNaauwinAy 98.7, 100, 100 wax 98.9 % MNUEIAU NaN137M3I3 HCV core Ag
fA1nugonAd IR UNAN1TASIA HCV RNA TuszAvufuinagsfiied1Ay (Kappa = 0.988, p<0.001) A1
S/CO ratio Aa 5.4 farulwazaudunzinunzanlunisnsia anti-HCV @9un15Ms529 HCV core Ag 3

AAADAARBANUNISMSD HCV RNA FadudBunesgulunisBudunsinlalsadusnaud

AdnAg : Lasadudniaud; anti-HCV; HCV core Ag; S/CO ratio

Abstract

Anti-HCV test is wildly used for screening of hepatitis C virus infection. The signal-to- cutoff
(S/CO) ratio can be used to interpret hepatitis C virus infection; above a certain S/CO ratio value.
However, it is likely to be a false positive. The purpose of this study was to determine the optimal
anti-HCV signal-to-cutoff (5/CO) ratio and to evaluate the agreement between the HCV core Ag and
HCV RNA. The total of 169 leftover serum/plasma samples from anti- HCV screening
(chemiluminescence microparticle immunoassay, CMIA) were obtained from Thammasat University
hospital. These samples were tested for HCV core Ag and HCV RNA (real-time RT-PCR). A receiver
operating characteristic (ROC) curve was applied to determine the optimal signal-to- cutoff (5/CO)
ratio by using HCV RNA for defending hepatitis C virus infection. Cohen's kappa coefficient was used
to evaluate the agreement between the HCV core Ag and HCV RNA. The ROC curves analysis
showed that the cutoff point of anti-HCV S/CO ratio was 5.4 (sensitivity 100 % and specificity 93.3
%). Both of HCV core Ag and HCV RNA are excellent agreement (kappa =0.988, p <0.001). In
conclusion, the optimal anti-HCV S/CO ratio value is appropriate for screening of hepatitis C virus
infection. There is an excellent agreement between HCV core Ag and HCV RNA as a standard
method. Therefore, HCV core Ag is a valid and reliable method for confirmation of hepatitis C virus

infection
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1. unin veuAne S1emeanansaminweliasnely 6
Thdadudniaud (hepatitis C virus, HCV) wWoauveansAnde laedldldsunissnen uax

ibiiAanzdudnaudoundunaziese dadu  Yszanu 70 % (55-85 %) vewldndanaredug

anuenanvasuzdiu fuwwdudnauiiesian  Aaledest Jufulemalunisadulsaduuds 15-
hiadudniaudnlanyszanm 71 duau leeddn 30 % ameluszeziian 20 U [1] Mmsfinelud A
Wadlnlauanien1s wazu1es1genadianizdu 1999 nuiUszvnsialandmsindalifady

SnaUBsUNAY YauzTiuszann 30 % (15-45 %) antauduszann 3 % [2] wazluwaed a.@. 2000-
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2015 Uszanal 2.5 % u3a 177.5 d1uausialan
dmsuiszmalng Shs1anuynvesAndolia
FusniaudUszanm 2.7 % [3] uasnugAnidaisoss
Uszanae 0.39 % %30 356,670 s18vUszwe [4]
n150599 anti-HOY Tumsdansesd@ndalifady
INEUTANINTONUNAUINUADIUINANAUYNVRING
\Aalsadiem [5) wazandU28nq s myeloma,
rheumatoid factor, liver disease (cirrhosis,
cancer), autoimmune disease ﬁaﬁ]’mﬂ”ﬁﬁﬁﬁa
1h%adu q wu haerletuazhiadusnaud (6]
NMsfAnwIANUYNTRIHAUINUARY (false positive)
Y8IN157923 anti-HCV 1ag National Health and
Nutrition Examination Survey (NHANES) U a.a.
2007-2012 wuwauInUasails 22 % [5]

M199979 anti-HOV psranuldvialudiimas
AndouazdTnsAndouinou Fomlfliatuse
mqﬁ]"‘aﬁﬁ]é'mf']LLuﬂmmLmﬂ&hwaa@'ﬂqmﬁxdaaa

L '

AAUAINET? dIUN19RTIATIUSUIUE1STUSNTSY

3 3

ga3l25d

YY)

fuanaud len1sasiausunuuas HOV

=

38 5galvyd a157Ngen

=

RNA #2g 5 (real-time RT-

PCR) FaduiBunnsguililumsnsiadudunanis
7579 anti-HCV Aldkaduuan Sniedsldusznay
lun1s@iamunanis $nwn [7,8] @usuInianis
puasnutasladusnaudSeslussmalg
n.A. 2561 lagaumaulsaduuislszmalngnudi

2

W U287 7529 anti-HCV TugSuudldfmauinais

U

16'$Un19M929 HCV core antigen (HCV core Ag)

=

darulilunisasia

=

#30n539 HCV RNA §18354
WU HCV RNA Tuidaneg1aifes 15 1U/mL ile
Jusunsandeldadusniaud nsdfinsaeliny
HCV core Ag #38 HCV RNA Ti1Auda0g19180n
TnaiuarAs2a HOV core Ag w38 HCV RNA ghlu

SreTLIAT 3-6 WaunAU Fanunmasialuny HCV
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core Ag %38 HCV RNA wansindunavinuasu

= = & @ ar a S v o= v
wSauneannIsinlalsadiudniavdng Siadsli

1

Auwuziungisuazlidensiafinausaly [9]
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#3523N15AAT HCV Tagn151IA signal-to-cutoff
(5/CO) ratio 71 gndainazinunzandInsuns
FIWUNANITATIT anti-HCV A1gluiaslfjifinis
wAlansunng lsane1uiasssuAansiadunss

2

= = o e e W =i =
Viesd uenanilgidediaulafiazuszifiunanis
n533 HCV core Ag ludneg1adUae iiialdlunns
ardudumidadenazfnnnunanisinedidn
Walisadudniaudununisnsia HCV RNA il
LatuULazilsIAILng 30159579 HCV core Ag
WWunisesialaeldeseednludfvazlddedinsa
YlaAeINUN15M533 anti-HCV Fansalenngly
ar 2 o L7 . = &
LIA1PUSAEMNERUAUNIASIT anti-HCV FnNags

f51A1719nNN31N157533 HCV RNA

2. 35n15998
2.1 @79819

frageiildlunsidoduiiegedsuy
wanaunvaaUaediddunisnsalinszing
Wasufjudnisinatianisunnd lsang1u1asssy
Aansadunsziesd Alinudsziinsinelada
Fusniaud 169 g Teasdudhegsfimdanin
nsAsIanaufvafdeldadudniaud (anti-HCV)
#281aF 038 @ lusl@ Architect 514 Plus i2000st
(Abbott Laboratories, Diagnostics Division,
Abbott Park, IL) wazlnanisasiadluulniazay
125 uaz 44 29879 AUEIRU feg19dsu/
wanaufivuasiadadsiinisuanveadiagon
uAd (hemolysis) W3aflUTumstiosndn 1 mL waz

liflian1s9523 anti-HIV WWuuin msdneiseass
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Tldiun155uTInAMEaYNTTUN1TIZLETIUNT
dyluau umInendusssumans Yadl 3 svia
1As3n15 096/2562 Watuil 6 Augng W.A. 2562

FIVIUA 01991 7579 anti-HCV T ua

2
=l o

v 125 dregns AldlunsAnwadsddnman
Foyanrmgnvasf@nid eladadusniaudiialan
Uszaa 3 % [2] 9ng0s n = (Z&PQ)/d” Tne
2

n = SUIUR20819: o = AudaNa1avilad 1
(0.05); P = Adaduvasdulsiiaula (0.03);
Q=1-P;d = a@ruaanaia (0.03)

2.2 NA979 Anti-HCV TuAlag1agUae

11A72819989§ U18117533 anti-HCV

#191a3 238 lusl@ Architect 5 Plus i2000st
(Abbott Laboratories, Diagnostics Division,
Abbott Park, IL) 7 19987015 chemilumines-
cence microparticle immunoassay (CMIA) 1@ g
panuuUIe1u L ansrauauAvedise fusion
protein AAnIINMsFRLAsiugnssulinanlUsAy
gnuaufiusznaudae c100-3 Fudulusaudlaly
1A538474 (nonstructural protein) NS3, NS4 Laz
HCra3 Fadulusfugnaausevindusaudlaly
1A538$74 (nonstructural protein) NS3 AulUsAiu
1A598%14 (structural protein) Core Y84 HCV
genome WANI$A$I981UAINADRII1AU (ratio)
YDINUUAIF U NTVDIA98 3 (signal, S) #a
wirguaduindfildannsaeuifisuihenves
CECE (cutoff, CO) #38 signal-to-cutoff (S/CO)
ratio TagAfisnnninudawindu 1 5/CO ratio 871
watduuan (postitive) daudnfisfasndn 1 5/CO
ratio 81uNaLluav (negative) [10]

2.3115A529 HCV Core antigen Tuf@nagng
KU

115152 HCV core Ag Tudiagnivas

1035

AUhemeesasdnlusia Architect 1 Plus i2000sr

(Abbott Laboratories, Diagnostics Division,
Abbott Park, IL) T¥uann1s CMIA Tagiendu
microparticle fiadoudielululnausawaufivad
sedelidadusnaudlunisnsadu HOV core Ag
WAN19M352981U1NAIA LT UTUYDY HCV core
Ag Tumag1a@du/maraunlagldnsvnisasuiiou
Y84 Architect HCV Ag 61a2131 0 udunag HCV
core Ag Tuf1ag1311nn11m3a1M1AY 3.00 femto
mole/liter (fmol/L) %38 0.06 pg/mL kansI L%
NaUIN (positive) wazdnaududuas HCV core
Ag Tud19g131ia8n71 3.00 fmol/L Lansi1liua
au (negative)
2.4 NM37973 HCV RNA TudragnegiUag

HCV RNA Tud20819003d U189 11933
WJaUFunaudreias asdnludd@ Cobas Ampli
Prep/COBAS Tagman HCV Quantitative Test,
v2.0 (Roche Molecular Systems, Pleasanton,
CA) #8005 real-time RT-PCR Tagnsifiudinau
N5AUIAA 2N (nucleic acid amplification) 3
Usznaudae 3 duneu Ao (1) wisudeguile
luafin HCV RNA (2) Wiy HCV RNA whvsineg
18U cDNA TrgnszuIung reverse trancription
waz (3) ﬁus_naﬁ'guwzyjn:uﬂ'mﬁmi’ﬂmmad cDNA
wWnane wazms193u oligonucleotide fidnaan
Afidumnzeo cDNA WWhne wamsas1aiases
gruaduaududuluniae international
units/milliliter (IU/mL) N157$39 HCV RNA §lA7u
Tlun1sas297l 15 1U/mL wnnadildannndmie
Wiy 15 1U/mL wansdadidelunszuaiden
(positive) wazunuafilédadasnda 15 1U/mL
wansifivsnandasdunnlunszuadenauasialyl

wu wizalildinsfnlialdadudnaud (negative)
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2.5 N153LASIZUTa YA

3

n15Aeszidayanan1sideldalinige
wysaan 1dun $osaz Anade dudyauuanasgu
AUl (sensitivity) ANUTWNIE (specificity) A7
yMUNENaUIN (positive predictive value, PPV)
wazA1YIUNYNaaY (negative predictive value,
NPV) n1511A1 S/CO ratio T4n1swszsianns v
receiver-operating characteristic (ROC) e
S/CO ratio figndawazmsnzaudugadna (cutoff
point) KWAZWIAINADAATDITTUINNANITATIY
HCV core Ag az HCV RNA TiAs 1z a8
Cohen's kappa coefficient Ta g nM 1l @1

p<0.001

3. NAN1IY
fegalilunisinen i udsu/manaund
MAeannITRsILeufvefnelifadudniaud
(anti-HCV) vl uAnisimadanisunng
Tsang1vasssumansiadunsziiesi dauiu 169
feens Fanangihedifony 19-90 U uazdeny
iy 54.1+15.64 ¥ wiadumawie 107 drees
(63.3 %) wazinANd 62 A228143 (36.7 %) N3
M523 HCV RNA Tu 169 feg1s wutldiwauan 79
f19874 (46.8 %) WazHaay 90 A29813 (53.2 %)
3.1 N15%1A1 S/CO ratio ‘ﬁ"qnﬁ’amax
ANNZANAIUTUNISATID Anti-HCV
Nan1571As12% ROC curve 994013
M523 anti-HCV 13 sulflsudunan1sns19 HCV
RNA (U7 1) nuY1aadavas S/CO ratio Lila
FILUNATN A 5.4 Al (sensitivity) 100
% (95 % Cl, 95.4-100) 36112842 NA1 number
of true positive (79)/[number of true posisitve

(79) + number of false negative (0)] az

1036

ANUT NN (specificity) 93.3 % (95 % Cl, 86.1-
97.5) 31UIUIMNAT number of true negative
(84)/[number of true negative (84) + number

of false positive (6)]

ROC Curve

0.8

0.6

Sensitivity

0.4

0.2

0.2 0.4 0.6 0.8

1-Spcififity

Figure 1 Receiver-operating characteristic (ROC)

curve of anti-HCV test

dlofsnzrianaala (sensitivity) 52
AUAIYIUIENAUIN (positive predictive value,
PPV) 71 95 % Cl a4 QAT >1 S/CO ratio Juds
>7 S/CO ratio ¥83911ud08137 I Na U210
A15A529 anti-HCV maq@ﬁ'@n‘f‘u WU 24 qadni
>5.4 S/CO ratio ¥8IN150$I3 ant-HCV TrIAL
TuarAvhugnaviniiaenadasiunisnsa HOV
RNA snndian Taedlenannsliuazarviunesauan
‘Tflll 100 % (95 % Cl, 95.4-100) uaz 92.9 % (95 %

= as

HIIAAR > 5.4

1

Cl, 85.9-96.6) AMUEU (15797 1)

a
a

$/CO ratio HifuAngadnIA IR LT IATIZYH 28
ROC curve
3.2 N15Us2LiUNANISAS29 HCV Core
Antigen
A150573 HCV core Ag Tu 169 #10814

TAuansraduuIn 78 §2a813 (46.2 %) wazau 91
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F19813 (53.8 %) waziflotuansIa HOV core Ag
79 169 f0813 1 TiAs1zss T URanTIa HCV
RNA nutlifauaniie 2 38 78 e Wika HCV
core Ag tJuau us HCV RNA tuvan 1 @289
wazlifnaautis 2 38 90 Feehs (A15797 2)
dlawFsuilsunisnsia HOV core Ag
AUN15A929 HCOV RNA LT 138118537u (gold

standard) WU731119#522 HCV core Ag f1a1la

(sensitivity) 98.7 % AA13FWNE (specificity) 100
% AYIUNBRAaUIN (PPV) 100 % wazA1yiuigwa
au (NPV) 98.9 % wananililathwanisnsialy
s zianuaanadasiusEuinegta 2 38 danan
Ineldadid Cohen's kappa coefficient Wualean
ANUEDAARDY 0.988 LaATINTIANAIAAS IV

& P = C o
Naﬂ”l'ﬁﬁ'l'ﬁ'ﬁﬂ"lﬁﬂad?ﬁm'ﬁBﬂU@ﬁ”ﬂ@Eﬂdﬁ]uﬁlﬁqﬂﬂJJ

(p<0.001)

Table 1 Results of HCV RNA related to the different cutoff points by the S/CO ratios of CMIA

HCV RNA results Sensitivity PPV
S/CO ratio (N)

Positive (%) Negative (%) (95 % CI) (95 % CI)
>1(125) 79 (63.2) 46 (36.8) 100 (95.4-100) 63.2 (58.4-67.8)
>2(102) 79 (77.5) 23 (22.5) 100 (95.4-100) 77.5(70.7-83.0)
>3(95) 79 (83.2) 16 (16.8) 100 (95.4-100) 83.2 (76.0-88.5)
>4 (90) 79 (87.8) 11 (12.2) 100 (95.4-100) 87.8 (80.5-95.6)
>5(86) 79(91.9) 7(8.1) 100 (95.4-100) 91.9 (84.7-95.8)
>5.4 (85) 79 (92.9) 6 (7.1) 100 (95.4-100) 92.9 (85.9-96.6)
>6(84) 78 (92.9) 6(7.1) 98.7 (93.2-100) 92.9 (85.7-96.6)
>7(83) 78 (94.0) 5 (6.0) 98.7 (93.2-100) 94.0 (86.9-97.3)

Table 2 Comparison of HCV core antigen and HCV RNA results

HCV RNA
Variables No. of sample (%)
Positive Negative
HCV core Ag reactive 78 (46.2 %) 78 0
HCV core Ag non reactive 91 (53.8 %) 1 90
Total 169 (100 %) 79 90

L4
4. 39150)
n1snsawaufvedralalsadudniaud

(anti-HCV) Teulglunisasiaifiadenmistiatalsa

s s =4 v o e, 1
AudniavdluesufjiAnisvadlsanerurasing q
vilan agslsfiony nsdnwanuynrauInUasy

PBIN15AT2T anti-HCV 371 NHANES 2007-2012
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wunavanUaauile 22 % [5] \{93910n15M523
anti-HCV fanuliwazanudnmzgs uananilds

NUI5EAUYRS anti-HCV TuidanvasUuasagld

2
W =f

FaUULIATIINY anti-HCV

2
o w o= S

MANFAALTBLLAZE

yuile 45-68 11 [11]

2

1&slugaed tefeefadon
AoUNaIRINSNEIMIEKa ilildaiuisadiuun
ftheiaoinduioanandu warilonadiazasia
nwunavInUauldanunuininaydulunszuaion
w‘?amﬂi‘iﬂaaimﬁuaw (autoimmune disease)
Tsadu vdelsafndaladadu g S dudesonds
nsasedudunmsinidelngiday q 1w N15A59
HCV RNA %#38n1591573 HCV core Ag [12]
157572 HOV RNA thudunisasianads
AMAN (qualitative) wazU3uu (quantitative)

s

Y83d15WUsNssuvaIlsanuanaud Usznausae

3

#a1835 19U reverse transcription-polymerase

chain reaction (RT-PCR), transmission-mediated

= =

amplification (TMA) waz3513salnile$9Ndans

&

(real time RT-PCR) 38wmanilfida

o

$ifateluisy
WHuAUN159533 anti-HCV kazN15m533 HCV
core Ag luFaswasnheniidisinuns wwiosdled]
His1angs fasradeadernglunisnsa uasld
nansIuy saiddanudssnnisudeu
ﬂuadaﬁﬁﬂ:mwmuugﬁ%m §3n159529 HCV

=

RNA fldlunisdneriidunisnsialaeiisealng

£ =i =i c oo

odiifidord il afudunsindelfadusniavd
Laz@nRuNansnen Msnseidunisasads
U3 Tegsreaunaduviunalisalundae
IU/mL3The European Associationforthe Study
of Liver (EASL) finuagditfasniiviawidu 15
u/ml i uAfilfaaiduau egrelsfnig 819
fnualialunisssauraduauiidesniivie

WA 1,000 IU/mL 1&lunsalfi seldsuaas

1038

UszmaduFauiunans [13] S1mSunnsesia anti-
Hov Tugfneunssediling anti-HCV 61 o dads
71579 HCV RNA Wiadudiu o19luavanudeauld
feifunistsuasn 5/CO ratio W Ougadn (cutoff
point) Tanzasd19SUn1991539 anti-HCV Tswae
Tfn1ss1unadaniug nfasuaswiugiaind
uana i firasannisyAndneldlunisdinse
HCV RNA w3ansdnsiadu « fAlddndu
nsfnwadadidetnanisasia antiHov
#e1e30ensa8AlusTA Architect $u Plus i2000st

=i as

113A512M L US B ULTIUAURAN1SHSI2 HCV RNA

=

Tneisisvalyndendiidansn1nsn receiver-
operating characteristic (ROC) 1@ S/CO ratio
Huqedndmiun1snsIa anti-HCV wihdu 5.4 4
aulaazA1ugIL NIz 100 % (95 % Cl, 95.4-
100) waz 92,3 % (95 % Cl, 86.1-97.5) #13E1AU
fraiildinisAnuufiamen s/CO ratio Wuqadn
d15Un139sI8 anti-HCV Wisl#nsidedunisin
delfadusniauidanugndesuasusiugianniu
LazanAldinsanmsnsiafudunisindolagis
31 9 Wy NMsAnwIwas Kim 1@ S/CO ratio 1du
PARAINFUNNSATID anti-HCV Feadasdnlusia
Architect §14 2000 fi3nAnTmIavinAy 3 fae
fo8azvaINauIn (positivity) 94.9 % [14] 15
Anw1v94 Seo wazAME WUIIAT S/CO ratio Va4
AM57579 anti-HCV fianunsavhungnisindalada
fusniauilunszuadon Aa 10.9 finula 94.4
% WazAUTINIE 97.3 % [15] uazn1sAne1vad
Moretti sazanz finui1A1 10.3 S/CO ratio tHu
ARTNzaLd I UANSATIY anti-HCV 71 95 %
ppv Tnglaidasinisasraviinndia [16] agalsfinny
NAN15M529 anti-HCV A18%dnn15 CMIA 210

ASANEINUAILA N 93.3 % wARdILilely
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S/CO ratio 1 5.4 19uAdAlUNITATI anti-HCV
= v o= " a ¢

Feo1anunaavyaauld dedganaaaanunisAnsn
Y94 Lopez-Fabal wazAmz fiNUIINISHIID anti-
HCV @1g1anni1s chemiluminescence Talia1ny
FunznaidaldnsiaidadelSaduaniaudus

=r =t

= me = S w oA ad
WEIIGLAED "ﬂQ'F‘nﬁ‘l,lﬂ']‘ﬁﬁ?'ﬁ]ﬁluﬁluLWﬂJLﬂiJImEﬂﬁ

-

Juiiflanudumzgand [17)
Fad17nv99n15m520 HCV RNA Tunsdli
na2alugaediludideaglunszuaiden (non
viremia patient) 819l natduavuld vauzdinis
A529 anti-HCV Twaduuan [11] fafunisnsa
HCV RNA Tusiasufjuanisunauvslasianizlu
Uszinafimdsiaunslideuldlunisasiadusu
ns@adalsadusnaud udazdeuldnisasie
HCV core Ag it (flasnasialdde Fedold 3
AadlazAuTINIzgs $1A190n11N150528
HCV RNA a13150aA528213a1909n15A aud o1y
28z window reriod a4 LLazﬁﬂ’n&JLﬁﬁJW’mm‘ﬁﬁ

= e 2

3z115UMUUHATEUR8NIIN190533 HCV RNA
[18] uananilFawudn HOV core Ag tuuaudad
sgneluwadvadhifadudnavduaziuunaain
o = o = ' =

LAULAUALAUTIUINLIN Faluszuia7i 4015
Usznavdudusunipvedlida woudiauie
nucleocapsid peptide 22 (p22) azgnuaagean

= o 2 v o 1 -
uldas vildesanuleisiniinisnsranaud
Uaf wazdins2alinannszeziIavaInIsandia
[19,20] N1571522 HCV core Ag TeuldnsiaLile
= s = dy s LY s = ; =f P I =
gugunisisdalisadvanaudunfuiswsiinezd
A214L361N71N157529 HCV RNA LaNUI1LINAT
50 % Y83IN15M533 anti-HCV Filinauan azliiua
M523 HCV core Ag tHuuan Fahanldnsiadudu

= & a o = =

nsAadalisaduaniaudlunsil i aansi

anti-HCV Juuin Snsdmsnalddwazsieny

1039

nansIaliag1aIs [21]
asAnuildin1smns73 HCV core Ag Tu

o

2eg1a3sufisunaiunsnsIa HOV RNA 7y
38U195§1U (gold standard) wuindlaauls 98.7
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