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Clinical Application of Polymerase Chain Reaction
for the Diagnosis of Hepatitis C Virus Infection
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Current serologic tests for the detection of antibody to hepatitis C virus (anti-HCV) by enzyme immunoassay

(EIA) produce occasional false positive reactions and do not provide useful data about the previous status of

antibody formation. So, supplementary tests are necessary. Recently, the application of Polymerase Chain

Reaction (PCR) for the detection of HCV RNA has been reported for this confirmatory purpose. The authors

evaluated the clinical usefulness of this PCR assay as a routine laboratory diagnostic test for the detection

of HCV infection.

In this study, HCV-PCR assays were performed for 80 samples of liver disease, 27 samples of hemodialysis,
and 40 samples of healthy blood donor. These assays utilized nested reverse transcriptase-PCR(RT-PCR) with
two pairs of oligonucleotide primers (40S, NTA1, 80S, 300A) based on the 5°-UTR regions. The results were
compared to those of tests for anti-HCV by EIA and another two primer pairs (#32, #36, #33, #48). Clinical

data including ALT level were also compared.
The results are as follows:

HCV RNA was detected by PCR in 44/80(55%) cases. The comparison of results between PCR and EIA
showed concordance in 48/72(67%) cases. Discordance that is negative by PCR but positive by EIA or positive
by PCR but negative by EIA, occurred in 18/72(25%) cases and 6/72(8%) cases, respectively. In 6/72(8%)
cases of positive by PCR but negative by EIA, the mean value of ALT was 145.3 [U/L, whereas the mean
value of ALT was 70 IU/L in 16/72(23%) cases in which both tests were negative. The 40 healthy normal
blood donors were all PCR negative. 12/27(44%) cases of hemodialysis patients were positive by PCR, but
9/12(75%) cases were negative by EIA. The comparison between two different primer pair sets showed

concordance in 34/40 (85%) and discordance in 6/40 (15%) cases, respectively.

In conclusion, PCR assay by simplified nested RT-PCR for the detection of HCV RNA can be a valuable
diagnostic tool for the early detection of HCV infection and viremia. But further studies involving more clinical

cases, in-depth analysis of possible factors causing false negative or positive reactions, and investigation of

the technical aspects of specimen handling should be performed.

Key Words: Antibody to hepatitis C virus(anti-HCV), Enzyme immunoassay(EIA), Hepatitis C virus

polymerase chain reaction(HCV-PCR), Nested reverse transcriptase-PCR (RT-PCR)
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& uie -20°Coll WE H3sisdch.

3) A|AH ZF|H|: HCV genome?] 5°-UTR(untranslational
region) -9 & BXF 3l ChooS el 93k Alubxeb
Y AHANA A vZE s Okamoto5 2]
A S oIt AlAlY] Az AT 543
AHA, FHENEE FE gAsidew HEHoz
sep-pak A A|sl32 TE buffer244 10 pmole/uLs A E=
sho] Agatelch AuAle] WEe 70°Ce WE M
stelon] da) AEE AMAE £C WA Rasl

o °\ﬂ HU

ot

Al
=

o

AT FHELQAES I8 FE84 A2 23

o 7 A drlAdn =
1, Fig. 13} 7}

o BHEAANNS: 259 Py 4 el
b33 2ol Ak FulEla 5§ ¢

(1) 1X} PCR;

@® PCR 29; PCR HAol| # 23l X|2F2 Behringer
Mannheim(Germany)AH9] #E& AH&slch &, g4
cDNA £ 10 gLol] 10 mM tris-HCl pH 8.33 50 mM
KCl 22]2 15 mM MgChLZ FAE 10x &8 10
uL, Taq DNA polymerase 3.0 U, Z+zte] 200 uM dNTP,
4l outer primerZ4] 4082} NTAIl(Table 1) 7}z 3 pL
(10 pmole/ul) 4 Y3 DEPC A FFFTE 7lsto]
Z 237} 100 pL= Al 3 ¥ mineral oil 100 LS A7}
shol 227+ AR gk

@ PCR X I [§XEF; Thermocycler ATAQ(Phar-
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o 303 ukE3 ¥ Lo g 72°Coll4 1087 A ub
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80Se} 300A(Table 1)E zHz} 3 pL(10 pmole/ul)® Y3
Uzl §HE5L 12 PCR HFS ZUsiAl ety
o}

@ PCR = % H=3; 17 PCR Wrez77 Y

Table 1. Sequences and map position of the two primers

Primers Sequences, 5° 10 3’ Position Product size

(1) 40S(sense) ATCACTCCCCTgTgAggAAC —306 — -287 300 bp
NTAIl(antisense) CggTCTACgAgACCTCCCgg -26 - 7

(2) 380S(sense) gTCTTCACgCAgAAAgCgTCTAgC —282 — 259 253 bp
300A (antisense) ACTCgCAAgCACCCTATCAggCAg -53 - -30

(3) #32(sense) CTgTgAggAACTACTETCTT 28 — 47 221 bp
#36(antisense) AACACTACTCggCTAgCAgT 229 — 248

(4) #33(sense) TTCACgCAgAAAgCgTCTAg 46 — 65 145 bp
#48(antisense) gTTgATCCAAgAAAggACCC 171 — 190

. . . 7.8
(1) outer primer, (2) inner primer ",

(3) outer primer, (4) inner primer
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Fig. 1. Positions of the two PCR primers.

kAl Ajsgsligdt.

5) ZEELHMNEE M2 EHol: FIEH FHEL
ArSE 10 gL E 3 uL9) loading dye®} £33 =
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8ol AU JFHog FAHINUL markerZAHE
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Y mismatch¥l PCR A2 2 Q13 ¥4 9] 7heAS o
Ast7] gskel CCC/GGGMmt $1A); -212~-217)2 Arhs)
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B 25 uL, 28l AFFEgAL 05 pL(10 UpL)yE 7hetod
25°Col| A 2A17F vE2-A|71 ¥ 2.0% agarose gelollA] A 7]
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5. Single Strand Conformation Polymorphism(SSCP)

PCR 4HEo] Agta il AxkEr] gAY FL Taq
polymerase enzyme®] errorol] /]‘aﬂ' mismatch® PCR A
22 uiAlsy] A SAAANE dg .2 SSCPE A%
ek &, ArniS’e) whiel F8 AlPslg=ul PCR
A5 6 ploll 12 ylLe] loading dye(950 mL/L formamide,
25 mL/L glycerol, 20 mmole/L EDTA, 5 mg/L brom-
phenol blue, @ 5 mg/L xylene cyanol®] Z3&)5 &%
3 & 20 yL9] mineral oilS A7}ste] 98°CollA] 587+
denawration A|Zth. ZA] G3ge] ¥x HEAD oe
18 uLE & 05% glycerole] ¥5-3F 15% polyacry-
lamide gel plateoll A 7]d% s} Xylene cyanolo] gel
Welehs AHs] wha vz of 7bA 200 V, 20 mAE
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Fig. 2. Amplification of 2nd PCR.
M; 100 bp DNA ladder marker, C; positive control,
B: blank(negative control), Lane1—5; PCR positive results.

Fig. 3. Digested DNA fragments of 2nd PCR products by Smal
restriction enzyme.

M; 100 bp DNA ladder marker, UC: undigested product(without
Smal, 253 bp),

Lane 1—6; digested products by Smal(70 bp and 183 bp).
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A, &3 serkFig. 4.
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Aol 2] ALT Z A= double-beam spectrophoto-
metryoll 2}8l A== A5 717] Hitachi 747(Hitachi,



Fig. 4. PCR— SSCP electrophoresis: detection of mutant PCR
product by SSCP method.

Lane 1—5; samples containing the single strand PCR products
were separated by electrophoresis on 15% polyacrylamide gel
and stained with a silver reagent, lane 6; double strand PCR
product, undenatured.
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Table 2. Disease distribution of the 80 patients

Clinical diagnosis Number(n=80)
Acute hepatitis 11
Chronic hepatitis 24
Alcoholic hepatitis 7
Liver cirrhosis 16

Hepatocellular carcinoma
Fatty liver 7
Miscellany*

*Two cases of lung cancer, diabetes mellitus, anemia, and one
case of esophageal cancer, pulmonary tuberculosis, osteomyelitis,
respectively

Table 3. PCR results of the 80 patients

Results Number
Positive 44(55%)
Negative 36(45%)

Total 80(100%)

Table 4. PCR positive patterns of the 44 patients

PCR result
number
Ist 2nd final
+ + + 19(44%)
- + + 25(56%)
Total 44(100%)

Table 5. Disease distribution of the 44 PCR positive patients

Clinical diagnosis Number(n=44)
Acute hepatitis 4
Chronic hepatitis 16
Alcoholic hepatitis 2
Liver cirrhosis 12
Hepatocellular carcinoma 1
Fatty liver 3
Miscellany 6
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o2 YXEAR 16823%)NA SAHoE At
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FAE EQ AHA dggAe FAAg Ede A
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7} 40 IU/L o]4o 2 2 A7 357 (70%)0l 2
o] 35% F 247(68.6%)°NA PCR ¥AE HAL,
ALT A7} 40 UL vgte 2 2 32 157 (30%)
Z 89(53%)°] PCR A o2 it YA eyt it
oll anti-HCV 4o 4 PCR ¥4 & K 6% (8%)2
ALT ZAXE 25 100 TUL olZos HF 1453
TU/L o|gen], anti-HCVS} PCR RS 249 169
(23%)9] ALT ZA X+ 3904 100 IUL o4& EH
oy AF 70 IULE &g FX& Kk

1o B ox o2 oXx

4. ULst ZEXIKML| HCV-PCR NS

H¥e A% AW 5N $2 AUHAMHBsAg anti
HCV, ALT 40 TU/L ol&}, VDRL, anti-HIV)olj4} o]A}o}
IR 4099 A TR A PR AAE EF &
Aol gt

5. QOUEA BXIOIMO PCR UMS

) WUSAHL w3 Qe 2798 UleR PCRE
Qs A RE@RNA FHE HYT SHA85%)
o] anti-HCV <¢FAoldx}t. 129 9] PCR A 3tA=E anti-
HCV 42 33@25%)elglek. &, PCR ZA7L 9=9
g0 o] & 7 Aol A §(55%) Bohe tha g
Al Vb ouk(Table 3), PCR %kAlo]™ Al anti-HCV £
He wel s 129 F oWIsHST A7 e
AFe) 7279 % 6W@E% Rt A A VERtTH(Table
6).
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Z 23%H(57.5%)% 209 (50%)ol A FAdE HJcH(Table

Table 6. Comparision of PCR and anti-HCV results of the 72

patients
PCR Anti-HCV Number(no=72)
+ + 32(44%)
- — 16(23%)
— + 18(25%)
+ - 6( 8%)

Table 7. Disease distribution of the 72 patients according to
PCR/anti-HCV results

Clinical +/+ —/— —/+ +/—
diagnosis (n=32) (n=16) (n=18) (n=6)
Acute hepatitis 2 4 2 1
Chronic hepatitis 15 2 5 0
Alcoholic hepatitis 1 1 3 0
Liver cirrhosis 10 3 1 2
Hepatocellular 1 2 3 0
Carcinoma
Fatty liver 0 1 3 3
Miscellany 3 3 1 0

Table 8. Comparision of the two primers in the 40 same sam

ples
Choo Okamoto
positive 23 20
negative 17 20
Total 40 40

8). ChooS-™®ol] okAlo|m 4l OkamotoS'] A|utalol] &
Aol 797l 37, 223 OkamotoS-ol] oFAdolw A
Choogeoll 42 Z+% 3% Uik
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FollA] 70 bp, 183 bpg At} = ¢4 PCR 4
£33 SSCPE AJ8d Azt 25 F 74| band2 HAH
o] PCR AHEo] &% A|(homogeneous)Y& & T AU
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A=A o]} mismatchol] 2]3F o]3d Afj(heterogeneous)
A=A Ekch(Fig. 2~4).
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region(5-UTR)ell that AL AE3tEE Adetdey.
AR olHAd £4]22 PCRYS A3 Fddll o3
FAel FHtEl3 CRZFE A7 ¥4 non-A, non-B
7+l A 9 ALTZE F7iEln CHZER Al A9
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A A wro] Al 4t APANAE oF 50~70%
ol HCV RNAZ} ZE€ & % & Ao =3 AR
oldel ZAA B oA EQHEE RNA virus7t F
9 376l de] £EF o] U RNaseoll 23l 7]
5 E Foldtch, immbunobloting® 59| #9174 Aol
A B ARE HAW AAE A9 100%014 PCR A
A AR FAolQe Bt ol Uk

2 ATl AEFHFE F A9 nested PCR A
g A 2719 13 PCR 4HEol digt A719%F
Aoz E u 4] FHAARF 198 @)l 13
PCRoI|A] <A ZA#E Ho] HE=A] nested PCRES 4|3
ok &2 & & ANk HA 7 A3 i3RI A2
PCR A FAEE 552829 olF ¥ A7
75% 0.2 744 =9tx PCR¥} anti-HCV Z#7re] Ux|
&2 AAY 67%F AAAt. ol GretwchT 3} of
579 Aot fAelglt. PCRE 240t} anti-HCVE
A AFE H A$E 25%¢ov, PCR %4 anti-
HCV SA42 8%t

A A ol#dt PCR Z A9} anti-HCV 7+ £U2]9 o
Qo g 4Heg PCRYE HCV RNAS AHEs+
ZAAQ vbE anti-HCVE 2ol didt A& AEdvhe
ZAollA] Al AR 7 ol HEF =Tho] TR AT
A A7l WE AolE 1AL, 2 dFerRE
U FAFNA EIAYQ] anti-HCVE] 4 ZH#E
AZtst et F, anti-HCV ¥4 8A4F PCR SA4 oA
ALT 37 A4 7489 8AF LFe A8
7beAdel 2 Aoz AZE A 3 Rl E PCR
ARl og g4 uheS 3eEeirh PCR 9549
delogs AubAle] Aol wE UAE2 Aolvt
GarsonZ'*Pel] olaf Basl wh glm me PARI A
toll whel kA go] Hol7t dgel LA AU wat
A B ddAE vz " F=E AL A
5-UTR 2918 BEE 3t AEAE A& AHE
ZA) QAR st IA-E -70°Cel| W RPstn vt
Ws g dEg wEEA gEF dez4 A4
HeA & H &3t st
3+, 57) 3H=(HBsAg, anti-HCV, ALT 40 IU/L ©]3},
VDRL, anti-HIV) A AR elA 2F AHge A4S g
A% TEA 4035 Hde 2 PCR HAAE 313
% S2Xolqc) Garson$ e A3 FEA 1,100
anti-HCV ¢fAdo] 69(0.55%)2.2 o5 F 190
A PCR Aolglon] o] NG FEL fxtellA A
A2 49 ¥ C vlolgfzoll 93 Zhdo] WA HH
£ Rasiglch weA dez g dFE Fie
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anti-HCV FAQ0 F8Ate] Hg PCR AAE 53 4
% A8 anti-HCV 549 7S PCR 44U 3¢
TEF FHzAV 298 Ao A=

HAFH B9 AS anti-HCV SA &L 279 F 5
H(18.5%)0.2 TE¥9] 125% Hu: 4 ZA e
sow, PCRE 127 (44%)ol A FAl& Hr) olE 12
B F 9W(5%)NA anti-HCV A& Ho] 7 i

Bl 47 7+ ASF 12gellA e 65 (8%)Eh ¥4
< FAES Yeldo] HCV el 3 9d7YS
T ARt oA YN 2= AT 3R A5
8% FA7AE F3 Ag, a2z 3t
H AuE 44 5 ot

ZAAE Ao Z ChooS P} Okamoto‘:24°ﬂ 9]
5t EFY ALAE vlay An 77 409 F 23
W (57.5%)3 208 (50%)olA XA Bgd C}mo‘:78
of oFAolm A OkamotoS™ollA S&Alol 7$71 39

(o]

kQ.

(Bl dk oo

off 12 rE
'{“ mS [ih) r-‘?l

t

Of

Okamoto 9k o|m 4] Choooll= SA1el A9 3wlo] X3
Hdok &, A &olAE Choodl 797 <2k A v

el ot 6H(15%)lA EUXE HHch o]& AA
o] AXAAR wE Xolg} AAE -70°C BF dF
g ¥ s Hol AR YR FHAZE S o
o] wE FAHeE A7tE

PCR <4 AES tdeg FHAEdwolu Taq
polymerase®] error rate(2F 0.01%)el] 2|3t mismatchl At
B9 7}sAS screeningst’l 913l CCC/IGGGER Auts]
€ Smal AIRIALE Aelgt A ZE ZAA 70 bp
5] 183 bpe] Axtxl DNA £3]-& Kt} £ SSCPo
A% E3¥ A|(homogeneous)?] AHEQl F 7}ebe] single
strandS H.o] ChooS’oll 23t genomic sequence$} %]
3t Ao AZFG. 2y 25 & §IUdA &
3] E2]5]E HCVK isolatel= Choo*So] &g HCV-1
3} vlzsle] 5-UTR R-9JollA] 94.4%2] FL3 4714
o (homology)S Hlckx sich webA] 4712 SSCP
Al Al o] Al|(heterogeneous) ] AHEo] vrERd H 5
mismatchell 9gF ZQNX] XL CYH vlolz 29 of
3301] uw}Z DNA variantsol] 2j3t ZiQ1z|e] 72 ol
€ 22 A7

ol4te] ZAztg B Ao Agd PCRES CHA
gl Z+E 7+ AS Akl glo] 71E2] anti-HCVS:
wWeliste] st EIAYoA 4R FAsEE 449
T4 olu Ax wiAET & 51 Es viremia A
Z Y Atz AA4dE 2o gesA st
g £ JE Aoz Ayzislol Q4 {&AHo F
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1995\ SYEE] 19954 119714 AF7]15HAS W

Ak gomel AF 7 ABAeh w079 AZFTYA o

2799 YAFAHAE YO E HCV-PCR 242 ¢

4R AAZAL §84 S B7ha, A ol

gl anti-HCV ZAAE

Agetglon] LA 407104

T F79Y AAE vz A oG53 2 EES
A9t}
7tE 7b A%t 80w F 449 (55%)llA] PCR Aol

Ak ZAJol] anti-HCV HAAE A8k 72u= 489
67%)N A F AAE AdxsE AFAE PR, anti-HCV
G432l 50 9] Ao A 32 (64%)0] PCR FAAS B
t}. 89, anti-HCV o}A3hat 508 & ALT =4 z] 7} 40
IU/L o]4tel 359 = 247(68.6%)0] PCR %Al HY
3 40 IU/L olslellA& 159 F 8H(53%)°] °o“6‘°]‘}i
t} uled, anti-HCV &A4Jolm 4 PCR <kAel
3 F 6HEB%olden, ALT FAX& H ko] 1453
IULL ]9t} Anti-HCV &4, PCRE 249 ALL 7
W Z 16WH(23%)olQ 3L ALT 3 #3ko] 70 IU/L o]}
A7%¢ FYA w0WS LE PR S4olgev] 27
o YA HRAL A 2RI B we
129 & 39525%)9te] anti-HCV <%k4l-& Hof
anti-HCV S4Jo]uiz] PCR A< 2ol 797t 9w
5wz 7+ Akl 72 F 6WE% R WA
Al ekt

ChooS2} Okamotooll 9|8 % ZFe] A7 vl
ol Z+zE 409 £ 23%H(57.5%)F 20 (50%)°] <A
Hjou 6H(15%)Nds Az At Ang 1y

ol&

Hh ol

“a‘
c}.

o] 4o Z3Z HCV-PCR AAE Z+E 7+ Az afol| A
CH 7S Axksli=dl anti-HCV AAS} wsdslo] A8
sto2H zte] deis B FEsiA deksla wit
FHzA f&ste] Al ko e §84
ol F Aoz AAHA}
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