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Laboratory Tools for Diagnosis and Monitoring
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Abstract

Hepatitis C virus (HCV) infection represents a major public health problem. Chronic
HCYV infection may lead to liver fibrosis, cirrhosis and hepatocellular carcinoma. HCV infection
can be cured by proper antiviral drug regimens However, many HCV-infected individuals do
not know of their infective status. Understanding the immunological tests of HCV could lead to
effective screening, diagnosis and treatment of infected individuals. Antibody to HCV (anti-HCV)
can be determined by using high sensitivity and specificity tests currently available as third
generation immunological assays. The use of point-of-care test (POCT) also increases the chance
of detecting HCV infection. However, active HCV infection must be confirmed by measurement
of HCV RNA and HCV genotyping prior to treatment. This article reviews laboratory tools for
the diagnosis of HCV infection and also structure and epidemiology of HCV.
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¥1lg RNA nidnvazduuuudunsa (linear)
waza1tAed (single strand) daeglungu
Flaviviridae Tasdlunvasy HCV e 9.6
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reading frame émaﬂ‘jﬁﬂ"léﬂﬂu polyprotein
vwadszana 3,010 nsaeziilu Uszneude
Tsaudrulaseadre (structural protein) 3 iia
(core,E1 waz E2) uasTisauduihilylasaada
(non-structural protein) 7 F¥ia (p7,NS2, NS3,
NS4A, NS4B, NS5A uaz NS5B)" (Fig. 1)

5" UTR OPEN READING FRAME 3" UTR
= z =z ‘Translation and processing
Core | E1 E2 p7| NS2 NS3 NS‘+ NS4B NS5A NS5B
1 192 384 747810 1027 1658 1712 1973 2419 3010
[ 1
Protease [
RNA dependent
:] Replication? RNA polymerase
Envelope [
Serine Helicase
:] protease
Nucleocapsid [_l
, -
Protease
5 (ARF) co-factor Replication
NS2-NS3

E Cellular signal peptidase

autoproteolytic cleavage

l NS3 cleavage

Fig. 1

UTR, untranslated region“z)

[aady (hepatocyte) uaziadifiniaanuIsiia
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mananetiug 1ded1999013) wazlianumanvany
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Genomic structure of hepatitis C virus (HCV): E, envelope protein; NS, non-structural protein;
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Fig. 2 Serologic pattern of acute hepatitis C virus infection'?
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Fig. 3 Serologic pattern of chronic hepatitis C virus infection''?
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was 2) ATIAMINITAAL¥ENIa8eN (indirect
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1. M3asI9v1 HCV antigen (HCV Ag)
aunsnanvliluduesiiheiidensimsanise
Muilueguazszduues HCV Ag fanuduius
AuszaAuves HCV RNA imﬁaﬁﬂmgnnﬁw
M3A373 HCV RNA uazannialdiaieile
@erfufumInsae anti-HCV wanmsily
fi® sandwich CMIA (chemiluminescent
microparticles immunoassay) 1ng14 monoclonal
anti-HCV #348¢U solid phases (paramagnetic
microparticles) uazl¥ murine anti-HCV fifn
201NAe acridinium Hupeuging MInTIIM
HCV Ag ilannsal¥ununisasa HCV RNA
¥ cunsalfuonszwhadiidensiineanedidiu
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8¢ (active infection) aaﬂmnwmﬂmﬂimtm
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(resolved infection) UannH Fagsnsarthsnls
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9 . 1 Ad dl
UHNI seronegative wazlunguiniianuidealuy

a ‘g 1 2 ‘!l 4 Y ] [~
msAaegs U Wihendesdala edialsinu
m3ns1a HCV Ag finlianulliwesneneslsy
NAUNUMIATI? HCV RNA lumslsaaamuna

(15) X ..
UBNINULAATIV combination

s Y
msinnaihe
52¥9 HCV Ag uaz anti-HCV aoglumg
Wiannyaheluvazil

2. msanamasiugnIsuvearehid
fusntausiing (HCV genome) (iumsnageu
mnsainasgn Faanuhvesymheedisziy
15 IU/mL dmiumsasiam HCV RNA e

=< IS} dy o A o/
wanadamsie hidlunszuaaen fogtiuga
111 HCV RNA ainsaasvlanduidgamn
(qualitative HCV-RNA test) (Table 1) #3195

reverse transcriptase polymerase chain reaction

Table 1 Hepatitis C virus RNA qualitative for in vitro diagnostics(”

Assay Manufacturer Method* Lower limit of
detection (IU/mL)

COBAS® AMPLICOR HGCV Test | Roche Molecular RT-PCR 50 (plasma)
v2.0 Systems 60 (serum)
COBAS® AmpliPrep/COBAS® Roche Molecular RT-PCR 50 (plasma)
AMPLICOR HCV Test v2.0 Systems 60 (serum)
COBAS® AmpliPrep/COBAS® Roche Molecular Real-time 15
TagMan® HCV Qualitative Systems RT-PCR
Test v2.0
APTIMA HCV RNA Hologic - Gen-Probe | TMA 5.3
Qualitative Assay
VERSANT® HCV RNA Siemens TMA 5.3
Qualitative Assay

*RT-PCR: reverse transcriptase polymerase chain reaction, TMA : transcription-mediated amplification
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(RT-PCR) {hiinasgulumsiisuenfiamsan  (quantitative HCV-RNA test) (Table 2) @ald
wo'hiadudniauriind uazasvlaluBalSina 35 real-time RT-PCR foiluitinasgiusiads

Table 2 Hepatitis C virus RNA quantitative for in vitro diagnostiosm

Lower limit Linear range of
Assay Manufacturer Method* of detection quantification

(IU/mL) (IU/mL)
Abbott RealTime HCV Abbott Molecular | real-time RT-PCR 12 12-100,000,000
artus HCV RG RT-PCR Qiagen real-time RT-PCR 34 65-1,000,000
Kit
artus HCV QS-RGQ Kit | Qiagen real-time RT-PCR 21 35-17,700,000
COBAS® AmpliPrep/ Roche real-time RT-PCR 15 43-69,000,000
COBAS® TagMan® HCV | Molecular
Test Systems
COBAS® AmpliPrep/ Roche real-time RT-PCR 15 15-100,000,000
COBAS® TagMan® HCV | Molecular
Quantitative Test v2.0 Systems
COBAS® TagMan® HCV | Roche real-time RT-PCR 10 25-390,000,000 (CE)
Test v2.0 for use with the | Molecular 25-300,000,000 (FDA)
High Pure System Systems
VERSANT® HCV RNA 1.0 | Siemens real-time RT-PCR 15 15-100,000,000
Assay (kPCR)
VERSANT® HCV RNA 3.0 | Siemens bDNA 615 615-7,700,000
Assay

*Real-time RT-PCR, bDNA: branched DNA
¥araminandehiadusniausiind e 3. msanameiameiugvedhiadu

Aamunamsinyl ez RT-PCR danuhgs  dnauwiia® (HCV-genotyping) (Table 3) 1
a g v v a = o A’ £% 1 r Y o
ganalumsiadsina dnmsiluases venwmldumsaevausanemsinulsaliady
s a a o % dy :JJ s a = % % a A' s I'4
daluialuszuvle ihlvaemstudouluduney  snwauriiad messdiuhia esnnmeiug
mInagay 93 HCV HnsaaudusadanIssnyinenaiy
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Table 3 Hepatitis C virus genotyping assays for in vitro diagnostics(”

Lower limit
Assay Manufacturer Method* of detection | Target
(IU/mL)

Abbott HCV Genotype I Abbott Molecular real-time RT-PCR 500 5'UTR

NS5B

LINEAR ARRAY Hepatitis Roche Molecular RT-PCR and 500 5'UTR
C Virus Genotyping Test Systems hybridization

VERSANT HCV Genotype 2.0 | Siemens RT-PCR and 2000 5'UTR

Assay Line Probe Assay (LiPA) hybridization Core

*RT-PCR: reverse transcriptase-polymerase chain reaction

35Ms¥h genome sequencing AIIVINID core/
El vi3e NS5B (Huifanasgiusisdaves HCV-
genotyping fa9iiuiizanne HCV genotypes
1¥mdnms real time RT-PCR w30 RT-PCR
39U hybridization

a .
nsasIamIueuAvenne HCV (anti-
HCV)

MINAgaUMa serology tiumsnsie
finnsealosduinelNastemsanse HCV ma
Uiiams lngas1avin HCV-specific antibodies
(IgM uaz IgG) aghalsimu MIasI9 anti-HCV
NY o o A ' VA o ~
UU9NNA A 1) "lﬂJmJJ”I'imLilﬂQﬂtNﬂdNﬂ”li
a &I o ) 1 . . . 9}4;
AALFDANLUUDY (active infection) BONNNANNY
nlsaudd (resolved infection) 2) lienansa
a31HRelusze: window period ¥99 HCV
18 (szeznmnldu@eaunsiany anti-HCV)
Fanulszanm 45-68 U waz 3) e1aNUNaAU
aeu (false negative) lunguaulinnzglifuiu
“lm'ﬁllyﬁtﬁ (immune-compromised host) thAlA

MIA3I9 anti-AHCV ldun

60-34.indd 6642

1. Immunoassay HuwmalanlFlums
4 v
AIVAANTBAULLBIAY AUAD .7, 1989 #daN
AUNULYD N15ATI9¥ anti-HCV ludg3ulag
1¥nanms enzyme immunoassays (EIA) o
o v oA = o ~ o %
mywenededetiiesaunifagiiu imslyhen

]
1 =

juiienu (third generation) Hal¥uaudiau
voshiddudnidusiad vatesia (multiple
recombinant HCV antigens) 91Ad71 core
protein, NS3, NS4 uaz NS5 naeul3n solid
ded o 1
phase J5uiianuhnazaNudIINzgINAnN
Fovaz 99 ffagiulalimsdivasumnaiia EIA
Winaedlu CMIA Tagl¥iaseadaludd@ aunsa
Wiumsdeasiafiunasnn yanadevueims
@579 immunoassay N1¥a3791 anti-HCV
wweimaly Table 4
2. Al recombinant immunoblot
assay (RIBA) tae1duisasia8udiu (confirma-
tory test) d@wiiuwauin anti-HCV lagawy
Lo . i
ag19ganIAANIAAnIeslulsznnTNiaNINYA
YpamMsAat¥e HCV e madin RIBA dauilas
ad chgd o
1191175 Western blot 35UNANNAIINIILWICE
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Table 4 Commercial immunoassays for detection of anti-Hepatitis C antibody for in vitro diagnostiosm

6643

Analyzer Manufacturer i Solid phase HCV antigens
principle
Architect i2000SR | Abbott CMIA paramagnetic HCr43 (Core and NS3),
Laboratories particles c100-3 (NS4A)
AXSYM Abbott MEIA paramagnetic HCr43 (Core), c200
Laboratories particles (NS3), c100-3 (NS4A)
LiaisonXL DiaSorin CLIA paramagnetic Core, NS3, NS4
particles
VITROS ECi, Ortho-Clinical CLIA microwell c22-3 (Core), c200 (NS3
VITROS 3600 Diagnostics and NS4), NS5
Elecsys Roche Diagnostics | ECLIA paramagnetic Core, NS3, NS4
particles
ADVIA Centaur Siemens CLIA magnetic particles | c22-3 (Core), NS3, c200,
NS5

ECLIA: electrochemiluminescence immunoassay; CMIA: chemiluminescent microparticle immunoassay;

CLIA: chemiluminescence immunoassay; HCV: hepatitis C virus; MEIA: microparticle capture enzyme immunoassay

Tagifumsguavigiservesueudvedndime
ADLBUALIUTUAG  [E2 hypervariable region,
helicase (NS3), NS4A, NS4B uaz NS5A
. A A ' ' o X
regions] NAADUBYUUUHUUNILTY UAIDHNVD
e Ae mMIsnadeviinatsduneu lHanu
waz RIBA 2:1¥ika indeterminate U519 anti-
HCV iina gray zone visenauinaie fagiiuia
Hexldinatiamansramasiiugnsss (molecular
. < Ao X

technique) 1JuUMInsIoUTU UBNAINL MIATI
HCV RNA §asmnsasrsusnszniiagihen
o IS a z ° a 1 FZAl d'
fansimsfAarediiuey sennniihenmean
Tsauan

3. (mATANIIATIILLUTIANGY (rapid
assay) \JumMInTIIM anti-HCV flanasiai
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]
add

. . I
(point-of-care screening tests) Wudsnde

< Y ¥V t!' A a Y o as
a5 wazhidedldiaTostioniay uaNdadIAA
A v o 1
Ao limnzAvnulSinaenn mseunauazulana
pgvszTanazmsldannaspudiadaiuandiaiu
919HNAdBNANIINAdRY F18813U89FAATIT
OraQuick HCV Rapid assay (OraSure) 139

% :: A dl Qy o

asvlanslu@eaninzaniaisily $5u wandin
wazihate 1¥ménn1s indirect lateral flow
immunoassay Taguoudtaunly fe Core, NS3
waz NS4 waaav3N nitrocellulose membrane
MIBUHALAEANNUALTNIUAINAATUINANT
MUfAse1szne anti-HCV TudSuiy HCV
antigens Lz protein A Nanna1nA2e colloidal

4
gold A5HiaNNhIevaz 97.8-99.3 wazanu
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Fumz¥esar 99.5-99.6 ludredransrantilu
v

#5u druluwhaeianuhiesas 83.3 wazany

Juwnzdeaz 99.6

msuwlanansia HCV markers luiaon
MngIvesnumsaare hiadudaaud® (Table 5)
= = [ A}
fineaziduadail

1) a7y HCV RNA (figq9814t@en
wyldlugrausnveamsaalse (window period)
Faganr9 1Ny anti HCV ae1alsfieny e1amy
HCV RNA gsaghataedlaluransnsal wu
= a z s s s IS z s 1 2 d‘d
umsaaehiadudnaudisesdlunguithens

a Yy o ! . . .
ANIZAUANNUVNNIBI (immunodeficiency)

gl Nuaead

ﬁ’jﬂwntju hemodialysis ﬁ%ﬂﬁﬂ‘m agamma-
globulinemia Hudu o

2) A3729WY anti HCV 3wy HCV
RNA §alsieninsaunsnnmsanssuuueunay
PONINATANLYFDITBTI ApInTI9 HCV RNA
9: - 1 vV [ -~ Y o
F1lua 6 WoUABNT D1MAIN 6 ABULAIET
A779NU HCV RNA udnananirel3asa

3) A573NY anti HCV ud'liny HCV
RNA Hlumsiasmsmennmsaade viams
AnauuuRsuwduud § HCV RNA oglusziy
MaunsIvliny 61 HCV RNA §aasra laiwundu

L oa X % "

srgznanunM 6 tweudull uananwulsavse

MYNNMIAALFDUAD

Table 5 Virological markers in hepatitis C infected patients(z)

HCV infection
e No HCV infection

Interpretation Anti HCV HCV RNA
e Acute HCV infection -
e Current HCV infection** +
e Recovery from HCV infection or No current + -

Note * Not recommended for HCV RNA testing

**To determine an acute or chronic infection, HCV RNA must be tested over a six-month period.

If HCV RNA is positive for longer than six months, it means the patient has chronic hepatitis C infection.
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