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Abstract

Background: More than 100 million people are infected with hepatitis C virus (HCV) worldwide. The prevalence of
HCV infection varies from country to country and the natural history of hepatitis C infection is not well understood.
Objectives: The prevalence of anti-HCV positive blood donors in South Hungary was determined. Potential risk
factors of HCV transmission were investigated and compared to anti-HCV-negative blood donors. Furthermore, the
rate of anti-HCV positivity in children who had received one or more blood transfusions prior to the implementation
of anti-HCV blood donor screening was evaluated. Study design: A total of 45719 blood donors and 120 children
were tested for the presence of anti-HCV antibodies by second- and third-generation enzyme immunoassays. Positive
results were confirmed by a recombinant immunoblot assay. Data on potential sources of HCV transmission were
obtained by interviews. Results: Among blood donors, the rate of confirmed HCV antibody-positives was 0.4% (195
of 45719 donors). Previous surgery, transfusion, more than three pregnancies, and tattoos were significantly
correlated with confirmed anti-HCV positivity. Two of 120 children (1.7%) were confirmed anti-HCV positives. In
both of them, serum HCV RNA could be detected. Conclusions: The prevalence of anti-HCV positive blood donors
in South Hungary is low. Nosocomial infections and tattooing were found to be the most important risk factors for
transmission of HCV. Because of the low prevalence of anti-HCV positive blood donors. only a small number of
children, who received blood transfusions prior to the implementation of anti-HCV blood donor screening, are
infected with HCV. © 2001 Elsevier Science B.V. All rights reserved.
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Although 70-80% of HCV-infected persons be-
come chronic carriers, most have relatively mild
disease with slow progression. Chronic hepatitis
C, however, is one of the major causes of cirrhosis
and hepatocellular carcinoma. Twenty percent of
patients with chronic hepatitis C develop liver
cirrhosis and 10% hepatocellular carcinoma
(Liang et al., 2000).

The aim of this studv was to determine the
prevalence of anti-HCV positives among blood
donors in South Hungary. Potential sources of
HCYV transmission were evaluated and compared
to anti-HCV negative blood donors. Furthermore,
children who received blood transfusions prior to
implementation of anti-HCV blood donor screen-
ing were tested on anti-HCV positivity.

A total of 45719 blood donors were examined
for the presence of anu-HCV antibodies from
1992 onwards. The median age of the blood
donors was 35 years (range, 19-74 years). All
confirmed anti-HCV positives were interviewed
for potential risk factors of HCV transmission.
Data were compared with those obtained from a
randomized number of anti-HCV negatives. Fur-
thermore, a total of 120 children who had re-
ceived one or more blood transfusions prior to
implementation of anti-HCV blood donor screen-
ing were tested on anti-HCV positivity.

Within 3 h of blood draw. blood collection
tubes were centrifuged and aliquots were prepared
and were either tested immediately or frozen at
- 80°C until testing. All sera were screened by
either second- or third-generation enzyme im-
munoassays (Abbott Axsvm EIA 2.0 or 3.0).
Confirmation of positive results was done by ei-
ther second- or third-generation recombinant im-
munoblot assay (Ortho RIBA 2.0 or 3.0). For
detection of HCV RNA in serum. either the Am-
plicor HCV Test (Roche Molecular Systems,
Pleasanton, CA) or the Cobas Amplicor HCV
Test (Roche) was used.

For statistical analysis. the two-sided Fisher’s
exact test was used. A finding of P <0.05 was
considered statistically significant.

Of 45719 blood donors. 195 (0.4%) were confi-
rmed anti-HCV positives. The female/male ratio
was 65/130. All 195 confirmed anti-HCV-positive
blood donors and 390 randomized anti-negative

blood donors were interviewed for potential risk
factors of HCV infection. In 408 patients, one or
more risk factors could be identified, whereas in
179 patients, no risk factors were found (Table 1).
Comparison of potential risk factors revealed that
those who had undergone surgery, transfusion,
and/or more than three pregnancies had a signifi-
cantly higher risk of acquiring hepatitis C virus
infection. Patients with one or more tattoos were
at a five times higher risk to acquire HCV infec-
tion. Because of low numbers, no statistical calcu-
lation was possible with regard to intravenous
drug abusers, health care workers, and patients
who had undergone acupuncture. Patients with
multiple risk factors had a four times higher risk
to acquire HCV infection compared to those with-
out risk factors. *

Of 120 children who had received blood trans-
fusions prior to the implementation of anti-HCV
blood donor screening, two were found to be
confirmed anti-HCV-positives.

HCV PCR was performed in 47 of the anti-
HCV-positive blood donors. In 40 of them (85%),
serum HCV RNA was detected. In the remaining
seven blood donors (13%). HCV PCR gave a
negative result. Both of the two confirmed anti-
HCV-positive children were found to be positive
for serum HCV RNA.

In this study, a relatively low prevalence of
confirmed anti-HCV positive blood donors was
found in South Hungary. Transmission of HCV
occurred mainly by the nosocomial route. Other
risk factors such as tattooing or intravenous drug
use, however, must be taken into consideration.
The percentage of anti-HCV antibodies in intra-
venous drug abusers was recently shown to be
24% in Hungary (Osztrogondcz et al., 2000). Fur-
thermore, health care workers seem to be at
greater risk of acquiring HCV infection (Mihaly
et al.. 1999). Because of the low prevalence of
anti-HCV-positive blood donors. only a very
small number of children. who had received blood
transfusions prior to implementation of anti-HCV
blood donor screening. were infected with HCV.

In future studies. molecular testing should rou-
tinely be implemented for confirmation of anti-
HCV positivity. Furthermore. genotyping would
provide additional epidemiological data. In a re-
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Table 1
Comparison of risk factors in anti-HCV positive and anti-HCV negative blood donors
Risk factor Confirmed anti-HCV positive (n = 195) Anti-HCV negative (n = 390) P Odds ratio
M* (n=130) F* (n=65) Total (%) M (n=220) F (n=170) Total (%)
Surgery 61 57 118 (60.5) 54 84 138 (35.4) <0.0001 2.798
Transfusion 50 28 78 (40.0) 4] 42 83 (21.3) <0.0001 2.466
Insertion of 9 64 73 (37.4) 4 150 154 (39.5) 0.654*
earrings
Tattoo 39 3 42 (21.5) 18 2 20 (5.1) <0.0001 5.078
Number of 0 19 19 9.7 0 18 18 (4.6) 0.001 3.488
pregnancies
>3
Acupuncture 4 5 9 (4.6) 4 9 13 (3.3)
Health care 3 5 8 @4l 4 6 10 (2.6)
worker
Intravenous 2 0 2(1.0) 0 0 0
drug abuse S
Multiple risk 105 64 169(86.7)** 84 153 237 (60.7)
factors
No risk 25 1 26(13.3) 136 17 153(39.2)
factors
a Abbreviations: F, female; M, male.
* P<0.05 in subgroup of females.
*+ P <0.0001 compared to patients without risk factors.
cent study, HCV subtype 1b was shown to be the References

predominant subtype in Hungary (Naoumov,
1999). All in all, prevalence of chronic HCV is
low in Hungary and transmission by blood trans-
fusion can almost be ruled out in South Hungary
nowadays.
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A hepatitis C virusfert6zés kimutatasa

gyermekkorban
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Osszefoglalas

A hepatitis C virusfertGzés viszonylag ritka
gvermekek kozott. Keveset tudunk a beteg-
ség gvermekkori lefolyisirél és a teripia
hatékonysigarél. Gyermekkorban a fert§-
zés féleg két uton terjed: vér vagy vérkészit-
mények adisival és vertikdlis aton, a ter-
hesség sorin, a virushordoz6 anyit6l. 120
gvermek, akik a rendszeres hepatitis C virus
(HCV) ellenanyagsz{irést kodzvetlentil meg-
el6z6 id6szakban vér- vagy vérkészitmény-
kezelésben részesiiltek, és 500 terhes né
esetében vizsgiltuk a HCV fert6zés elSfor-
duldsit, és adatainkat Gsszehasonlitottuk
egy kontrollgyermekcsoport és a véradék
adataival. 2 gyermek (1,7%) és 5 terhes né
(1%) esetében tudtunk anti-HCV ellenanya- -
got kimutatni a kontrollgyermekcsoporttal
0 (0%) és a véraddkkal 192 (0,4%) szem-
ben. A 2 (1,7%) ellenanyag pozitiv gyermek
és 3 (0.6%) ellenanyag pozitiv terhes, vala-
mint a konfirmiltan anti-HCV pozitiv vér-
adék 85%-inak (155) vére tartalmazott
HCV RNS-t. A virushordozék mindegyike
1b genotipusba volt sorolhatd. Nem tapasz-
taltunk anyirdl Gjszildttre t6rténd virusdt-
vitelt. A virushordoz6 gyermekek tovibbi
vizsgilata sziikséges a fertézés gyermekkori

lefolydsinak megfigycléséhez.

Kulcsszavak:

hepatitis C, transzfizid, vertikilis transz-
misszid, RT-PCR, genotipus

Roviditések:

HCV = hepatitis C virus, RT-PCR = reverz
transzkriptiz polimeriz lincreakcid, INF =
interferon, RB = ribavirin

Bevezetés

_ A hepatitis C virusfert6zés a gyermekpo-

puliciéban viszonylag ritka (0,05-0,4%) a
felnSttkori eurdpai fertézottséggel dssze-
hasonlitva (0.5-2%)"'? Magyardzatot ad-
hat erre, hogy az effektivebb dtvitel, mint
a transzfizié. haemodializis, tetovilas,
piercing, tlszirdsos baleset. intravénds
droghasznilat ritkibban vagy nem fordul
el6 gyefmekkorban. A véradok hepatitis
C virus (HCV) ellenanyagsziirését meg-
eléz6en a transzmisszio f6leg paranterilis
uton tortént. majd a transzfizidval Gssze-
fuggésben hozhat6 HCF fert6zések szima
0,45%-r61 0.001%-ra csOkkent egy véregy-
ségre szimolva."'"” 1992 utdn a vertikdlis
awvitel keriilt el6térbe, mivel ellentétben a
HIV-virussal. nem dll rendelkezésiinkre
olyan médszer, mellyel az arvitelt meg-
akadilyozhatndnk, gyakorisigit cs6k-
kenthetnénk. Anyirdl Gjsziléttre terjedd
fertGzés csak az esetek 6-7.8%-ban figyel-
heté meg."* A virusfert6zés klinikai di-
agnozisanak felillitisa sokszor nchézsé-
gekbe ttkozik. Az esetek tobbségében az
anamnézis. a tinetek, a fizikdlis vizsgilat

Gvermekgydgyiszat 2001. 3.

Dr. Miller Zso6fia
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nem ad tdmpontot, €s a majfunkcios pa-
raméterek értéke intermittdlo lehet. A
megbetegedés akut szakasziban a bete-
gek 20-40%-a, a kronikus stadiumban
60-80%-a anti-HCV pozitiv. Immun-
szuprimalt betegeknél a fert6zés szerolo-
giai jele sok esetben nem mutathato ki. A
ma mar standardizalt, kis kopiaszimot ki-
mutaté RT-PCR modszer segitségével a
vérmintdbol kimutathaté és mérhetS a
kering6 nukleinsav az un. ablak periddus-
ban, a fert6zést kovetd 1-2 honapban is.
A betegség gyermekkori lefolydsa és a te-
rapiara adott vdlasz a kis esetszam és a
rovid kovetési id6 miatt kevéssé ismert.?
Befolydsolja a pathogenezist a fert6z6dés
modja, az inokulum nagysaga, az immun-
statusz, az ¢életkor, a genotipus, a
virusreplikicio, az esetleges hepatitis A, B
vagy HIV koinfekcio és az alkoholfogyasz-
tas. Az interferon-ot terapidt eddig nyolc
szerz$ alkalmazta alacsony szamu beteg-
anvagon, 2 évnél idGsebb, sulyos, egyéb
betegségekben is szenved$ gyermekek
esetében 3-5 MU/m* do6zisban 6-12 ho-
napig. 3-szor hetente. A kezelt betegek 0-
45%-aban tartés remissziot értek el.'?
Egy esetben alkalmaztak interferon-o-2a
és ribavirin kombindciot, mely effektiv és
biztonsagos terdpiinak bizonyult.”) En-
nek ellenére az IFN, valamint az IFN/RB
terapia rutinszerd alkalmazisa gyerme-
kekben kell6 tapasztalat hianyaban nem
ajanlott. Kevésbé ismert, hogy a HCV fer-
tOzés aetiologiai szerepet jatszhat olyan
extrahepatikus korképeknél, mint B-sej-
tes non-Hodgkin-lymphoma,® kevert
cryoglobulinaemia, membranoprolifera-
tiv glomerulonephritis és még szamos
egvéb korkép.” A véradok anti-HCV el-
lenanyagszlrését Magyarorszigon 1992-
ben vezették be. Jelen tanulmanyunk so-
ran megvizsgiltuk az 1992 el6tt ujszi-
lottkorban vér- és vérkészitmény-kezelés-
ben részesult gvermekek hepatitis C vi-
rusfert6zésének gyakorisagiat. Vizsgaltuk
a vertikdlis transzmisszio lehetGségét, és
adatainkat Osszehasonlitottuk a szegedi
véradasra jelentkezOk és egy kontroll-
gvermekcsoport adataival.

Beteganyag és modszer

120, Gjszilottkorban vér- ill. vérkészitmény-te-
rapidban részesilt gyermek (fi/ldny: 59/61,
életkor: 7 (5-10)). 500 terhes nd (életkor: 26
(17-38)) anti-HCV. GPT szlirGvizsgalatit végez-
tiik el. A kontrollcsoportban 50 azonos életko-
ru és nemu (fiu liny: 22 28, életkor: 7 (5-10)),
hepatitis C virus szempontjabdl rizikocsoport-
ba nem tartoz6 gvermek anti-HCV és GPT vizs-
galatdt végeztik el. Az ujszilottkorban vér-,
vérkészitmény-kezelésben részesult gyerme-
kek sziileit levéllel kerestiik fel, amelyben tdjé-
koztattuk Gket a tervezett utdnvizsgdlat célji-
rol és médjarol. Az esetleges anyai virusdtvitel
kizardsara a kiszdrt gvermekek édesanyjinal is
megtorténtek a szirévizsgdlatok. Minden eset-
ben anamnézist verriink fel és fizikalis vizsgaila-
tot végeztiink. Az anti-HCV kimutatdsa masod-
és harmadgenerdiciés EIA-teszttel (ABBOTT)
tortént. Reaktiv mintdk esetén a mérést megis-
mételtiik, és elvégeztiik az RT-PCR-t (Roche
COBAS AMPLICOR HCV 2.0). A PCR-t gitlo
anyagok okozra fals negativ eredmények kiza-
risa érdekében az Amplicor-teszt interndlis
kontrolljat alkalmaztuk. A virustiter meghata-
rozdasit bDNS technikival (CHIROn, Quan-
tiplex), valamint a genotipus-meghatirozast az
5' vég automatizdlt szekvenciaanalizisével (Vi-
sible Genetics. Trugene HCV Genotyping Kit)
végeztik. A vizsgilatokat 1996-t6l folyamato-
san végeztik.

Eredmények

A véradok szurését megel6zéen vér- és
vérkészitmény-kezelésben részesult gyer-
mekek kozil két esetben (1,7%) talaltunk
HCV ellenanvagot. ok egyben HCV PCR
pozitivak is, €s 1b genotipust hordoznak,
és enyhén perzisztaloan emelkedett a
mdjfunkciojuk (itlag GPT: 79,5 U/N). A
bDNS vizsgailattal egy gyermekben nem,
egy gyermeknél 0,644 MEQ/ml virustitert
tudtunk kimutatni. A gyermekeket 7 éves
kortol kovetjik. A szirt terhespopu-
licioban 5 esetben (1%) mutattunk ki el-
lenanyagok ¢és 3 (0,6%) esetben HCV
RNS-t, mijfunkciojuk egy esetben enyhe
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eltérést mutatott (1. tdbldzat). Osszesen
7 esetben vizsgiltuk a fertGzés atvitelét
Ujsziilotiekre, a szirt terhespopulicién
kiviil még két esetet figyeltink meg. A
kezdeti anyai ellenanyag-pozitivitds utin
sem ellenanyagot, sem RNS-t nem tud-
tunk kimutatni. Hirom gyermeket 2 éves
koraig, két gyermeket 1 éves kordig, két

gyermeket 0,7 éves koriig koévettiink.
A vérad6k (férfing: 15240/30479, élet-
kor: 34 (19-67) kozott 195 esetben
(0,4%) konfirmiltunk ellenanyag-poziti-
vitast. A konfirmiltan pozitiv véradék ko-
zil 85%-ban mutattunk ki HCV RNS-t.
A kiszirt betegeket hepatoldgiai gondo-
zasra irdnyitottuk.

1. TABLAZAT
A hepatitis C virusfert6zés jellemz6i az altalunk vizsgalt populdciékban
Anti-HCV pozitiv | Anti-HCV | HCV PCR
N piciensek dtlag ALT | pozitiv pozitiv |Genotipus
eredménye (U/) (%) (%)
Véradok 45 719 54 192 (0,4) | 155 (0.34) -
Szirt gyermekek 120 79,5 2(1,6) | 2(1.60) 1b
Terhesek 500 45 5(1,00 | 3 (0.60) 1b
HCV pozitiv anyitél
sziiletett gvermekek 7 15 7-0* 0 -

* sziiletéskor a gyermekek anti-HCV pozitiv vérmintdi az anyai ellenanyagoknak tudhaté be.

Megbeszélés

Szeged és kornyékén a véraddk adatai
alapjin alacsonynak mondhatjuk a hepa-
titis C virusfertézés prevalencidjit. Azon-
ban a nem szelektalt terhespopulidciéban
mir magasabb arinyban figyelhettiik meg
a HCV fert6zés ardnydt. Bir a vér- és vér-
készitmény-kezelésben részesiilt gyerme-
kek kozott mir tobbszords gyakorisigi
fert6z&dést figyeltiink meg a véraddk ada-
tathoz viszonyitva, a kisszimu beteg-
anyagbdl messzemend kovetkeztetést
nem lehet levonni, azonban hasonlé po-
puliciét vizsgdlé tanulminyok szintén
magasabb szizalékban regisztriltak virus-
fertGzotteker.® 9 Az Egyesilt Allamok-
ban a véraddk anti-HCV sziirését megeld-
z6 iddszakban vértanszfiziét kapott egyé-
nek ellenanyag szirévizsgilata javasolt a
megnovekedett kockdzat miatt™ (2. tdb-
ldzat).

A HCV fert6zés prevalencidja nem sze-
lektalt terhespopulicidban megfelel az
eurbpai, japin adatoknak. azonban a ter-
hesek rutinszerd ellenanyagsziirése nem
javasolt."? Az irodalmi adatok szerint a
betegség enyhe lefolyasi gyermekekben,
azonban azokban az esetekben, amikor
nagy mennyiségu virus kerilt a szervezet-
be, vagy tobb esetben tébb genotipussal
fert6z6dnek, sulyos mdjelvaltozisok ala-
kulhatnak ki.® Az iltalunk vizsgilt Gsszes
esetben 1b genotipust detektaltunk. Ed-
digi vizsgilatok alapjin ez a genotipus
kedvezStlen médon befolydsolja a beteg-
ség lefolyisit és a terdpiara adott vi-
laszt."9 A virushordozék tovibbi vizsgila-
ta sziikséges a fert6zés gyermekkori lefo-
lyasanak megfigyelésére. Az EASL Nem-
zetkozi Hepatitis C Konszenzus Konfe-
rencia ajinldsa szerint a terhesség HCV-
fert6zott anyaknil nem kontraindikilt, az
awvitel gyakorisiga figg a virus vérkon-
centrici6jitol, azonban egyéb tényezék
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2. TABLAZAT
A hepatitis C virusfertdzés fokozott rizik6jia csoportjai gyermekkorban
Rizik6csoport HCV-fert6z6ttek Irodalmi hivatkozis
ardnya
1992 el6tt vér és vérkészitmény
haemophilia és thalassaemia 80% Schwimmer et al, 2000.
djsziilottkorban egyéb okbdl 2,5% Grasselly et al, 1997.
rosszindulati daganatbél gyégyultak 6,6% Strickland et al, 2000.,
1992 eldtt nyitott szivmiitéten dtesettek 14,6% Yogt et al, 1999.
1992 el6tt mdj- és szivtranszplanticié 4-7% Davison et al, 1998.
haemodializis 1-54% Pereira et al, 1997. ,
virushordozé anyitdl sziiletett Gjszalért 6-7,8% Tajiri et al, 2001.
szerepe, mint genotipus, hiivelyi vagy
csiszarmetszéssel torténd sziilés, nem bi- . L.
Koszonetnyilvanitas

zonyitott. A szoptatdis nem kontraindi-
kilt. nem HIV-fert6z6tt anyiknil nem ta-
paszraltak szoptatas Utjan atvitt fertézést,
bir az anyatej alkalmazhat virust kis
mennyiségben. A fert6zott gyermekek jar-
hatnak kézoOsségbe. Fontos a HCV-fert6-
zo6uek hepatitis A és hepatitis B
vakcindcidja, mivel a koinfekcié silyos-
bithatja a progndzist. Hasonlé okbdl a
hepatotoxicus drogok kerilésére is hiv-
juk fel a figyelmet. Sériilés esetén a sebet
fedjik. valamint a serdiil6k figyelmét hiv-
juk fel a szexuadlis dtvitel lehetGségére.

Detection of Hepatitis C Virus Infection
in Childhood

Miiller. Zsofia et al.

(Dept. for Clinical Microbiology of Univ.
Med. School Szeged)

SUMMARY

Although hepatitis C virus infection is
relative infrequent among children, not
enough knowledge is yet available as
consensus of the natural history, the clinical
outcome and the efficacy of the therapy of
the disease in childhood. 120 children who
received blood or blood products at least
once shortly after delivery and 500
pregnant women were Studied and
compared with a control child group and
blood donors from the same area. 2 (1,7%)
of the 120 children and 5 (1%) of the

Ko6szonetet mondunk prof Harald Kess-
lernek (Molecular Diagnostics Laboratory,
Hygiene Institute. KF-University, Graz) a
genotipizild vizsgilatok elvégzéséhez nyj-
tott segitségéért. dr. Hordnyi Margitnak
(OHII Virusnukleinsav Laboratérium) a
bDNS vizsgilatokért, és az SZTE Klinikai
Kémiai Intézetnek a mdjfunkciés vizsgila-
tok elvégzéséért. A munka a TéT Alapitviny
A-26:99. szimu projekt segitségével jott
létre.

- | pregnant women had HCV antibodies as
compared with 0 (0%) in the control child
group and 192 (0.4%) among the blood
donors from the same area. The serum of 2
(1,7%) of the 120 children and 3 (0.6%) of
the 500 women and 155 (85%) of the blood
donors contained HVC RNA. In all the HCV
infected patients the 1b genotype was
found. Despite the presence of the
maternal antibody in the first vear of
childhood, none of the 5 children’s sera
contained HCV RNA up to now. Children
who were at risk of receiving HCV
infection, should be screened for HCV
antibody.

Key words:
hepatitis C, transfusion, vertical transmis-
sion, RT-PCR, genotype
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ABSTRACT

Background: Molecular detection has been shown to be superior to tissue
culture for the detection of enteroviruses in cerebrospinal fluid (CSF)
specimens.

Objectives: In this study, a qualitative molecular assay based on
automated RNA extraction with the MagNA Pure LC and real-time PCR on
the LightCycler (LC) instrument was evaluated and compared with an in-
house molecular assay.

Study design: A total of 109 CSF specimens were investigated for the
comparative study. The detection limit of the new molecular assay was
determined with 10-fold dilutions of two enterovirus strains and with the
Third European Union Concerted Action Enterovirus Proficiency Panel.
Results: With the enterovirus strains, the detection limit of the LC assay
was found to be 0.1 TCIDs (50% tissue culture infective dose). When
samples of the Third European Union Concerted Action Enterovirus
Proficiency Panel were tested, both molecular assays gave identical
results to the expected results, which were based upon the results of three
reference laboratories using a total of four different molecular methods
before distribution of the panel. When clinical specimens were tested,
there was a correlation between the LC assay and the in-house assay in
105 of 109 cerebrospinal fluids.

Conclusions: The new molecular assay allows rapid detection of
enterovirus RNA in CSF. It was found to be laborsaving and showed
sufficient sensitivity.

Keywords: Enterovirus, PCR, Real-Time Fluorescence PCR



Introduction

Laboratory diagnosis of enterovirus meningitis has concentrated on
isolation of virus from cerebrospinal fluid (CSF). Attempts to isolate
enteroviruses, however, are laborious, time-consuming, and
frequently unsuccessful (Chonmaitree et al., 1982; Rothbart, 1991,
Rothbart and Romero, 1995). Molecular assays for detection of
enteroviruses have been introduced and shown to be quicker and
more sensitive than cell cuiture methods (Andreoletti et al., 1998;
Gorgievski-Hrisoho et al., 1998; Kessler et al., 1997; Pozo et al.,
1998; Searle et al., 1997). However, conventional in-house
molecular assays based on reverse transcription-polymerase chain
reaction require special equipment and staff and are not suitable for
a high-throughput routine diagnostic laboratory. Furthermore, they
lack standardization. Therefore, a more standardized and easier-to-
handle molecular assay, the AMPLICOR Enterovirus Test, has been
introduced and shown to be suitable for the routine diagnostic
laboratory (Carroll et al., 2000; Kessler et al., 2000) This assay,
however, has recently been taken from the market.

The MagNA Pure LC (Roche Molecular Biochemicals, Mannheim,
Germany), a fully automated specimen preparation instrument, and
the LightCyler (LC) instrument (Roche), which allows high-speed
thermal cycling and online real-time fluorescence monitoring, have
recently been introduced (Kessler et al., 2001; Wittwer et al., 1997).
Combined employment of these instruments allows establishment of
rapid molecular assays for detection of pathogens in the routine
diagnostic laboratory.

In the present study, a qualitative molecular assay based on
automated RNA extraction on the MagNA Pure LC instrument and
real-time PCR with the LC system was evaluated. After



determination of the detection limit, clinical specimens were
investigated. Results were compared with those of a qualitative in-
house PCR assay.



MATERIALS AND METHODS

Study design. In the first step, two enterovirus strains,
coxsackievirus B4 (VR-184) and echovirus 7 (VR-37) from the
American Type Culture Collection (Rockville, Md.) were used for
determination of the detection limit of the qualitative molecular assay
based on automated RNA extraction and real-time PCR. Enterovirus
RNA was extracted from tenfold dilutions of viral stocks ranging from
1000 to 0.01 TCIDsp (50% tissue culture infective dose). Experiments
were repeated five times on different days.

In the second step, the Third European Union Concerted Action
Enterovirus Proficiency Panel, which contained different
concentrations of coxsackievirus A9, Coxsackievirus B5, echovirus 6,
echovirus 11, and enterovirus 71, was used (Table 1). Samples were
blind tested by both, the new qualitative molecular assay based on
automated RNA extraction and real-time PCR and the in-house
molecular assay.

In the third step, a total of 109 cerebrospinal fluid (CSF)
specimens were investigated in a comparative study. CSF
specimens had been collected from patients who were admitted to
the University Hospitals in Frankfurt am Main (Germany), Zagreb
(Croatia), Szeged (Hungary), and Graz (Austria). All specimens had
been obtained prior to the start of therapy. Immediately after lumbar
puncture, aliquots were prepared and frozen at —70°C. Aliquots were
sent for blind investigation with the new molecular assay to the
Institute of Hygiene, Graz, Austria and for blind investigation with the
in-house molecular assay to the Institute of Medical Virology,
Frankfurt am Main, Germany. Each sample was tested twice with the
new molecular assay. With the in-house molecular assay, each
positive result was confirmed by a second PCR run.



RNA extraction. For the new molecular assay, enterovirus RNA
was extracted with the Total Nucleic Acid Isolation Kit (Roche) on the
automated MagNA Pure LC instrument. The extraction protocol
“Total Nucleic Acids Serum, Plasma, Blood” was employed. A
specimen volume of 200 pl was used. An elution volume of 100 pl,
and a dilution volume of 0 ul was chosen. Other details, such as
reagent volumes and number of reaction tips needed for the run,
were automatically calculated by the software. The MagNA Pure LC
automatically performed all remaining steps of the procedure with
specially designed nuclease-free, disposable reaction tips. These
reaction tips did not only transfer the samples, but also served as
reaction vials for the procedure. Within the tips, nucleic acids were
bound to magnetic beads, washed free of impurities, and finally
eluted from the magnetic beads into a cooled sample cartridge.
During the run, used reaction tips were automatically discarded into
an attached, autoclavable waste bag.

After completion of DNA extraction, the MagNA Pure LC Cooling
Block, which included the sample carousel with the adequate amount
of LC capillaries, and the reaction vessel including the master mix
were placed into the postelution area. After start of the postelution
protocol, which had been programmed prior to the start of the first
run, the MagNA Pure LC automatically pipetted 16 pi of the master
mix and 4 pl of the processed sample into each of the LC capillaries.

For the in-house molecular assay, enterovirus RNA was isolated
from 200 pl of CSF with the commercially available QlAamp HCV Kit
(Qiagen, Hilden, Germany) according to the manufacturér's
recommendations.

Primer design. For the semi-nested real-time PCR assay,
oligonucleotides deduced from the highly conserved 5°-non-coding



region of the enterovirus genome were used. The outer primers,
which were identical to those used for the former AMPLICOR
Enterovirus Test, allowed amplification of a 149-bp fragment; the
final fragment, obtained after completion of the second round, had a
length of 85 bp. The TagMan probe (TIB MOLBIOL, Berlin,
Germany) was labeled with 6FAM at the 5°end and with TAMRA at
the 3’end. The primer and probe sequences and characteristics are
shown in Table 2.

For the in-house PCR assay, oligonucleotides were derived from
the highly conserved 5°-non-coding region as reported earlier
(Chapman et al., 1990; Severini et al., 1993). The product, obtained
after single-round PCR, had a length of 287 bp.

Real-time PCR on the LC instrument. The real-time PCR was
performed on the specially designed LC instrument. Evaluation of the
different assay formats has been described in detail elsewhere
(Kessler, 2001). In this study, first-round LC-PCR was performed
with the LightCycler RNA Master Hybridization Probes kit (Mn?* final
concentration, 5.5 mM; primer final concentration, 0.5 uM each).
Sixteen microliters of master mix and 4 pl of RNA template were
automatically pipetted into each glass capillary by the MagNA Pure
LC. Sealed capillaries were centrifuged in a microcentrifuge and
placed into the LC rotor. Reverse transcription was done for 20 min
at 61°C. After denaturation for 2 min at 95°C, 60 LC-PCR cycles
were run. After this, another denaturation was done for 5 s at 95°C.
For the 10-s annealing, a touch-down profile (70° to 62°C; step size,
0.2°C per cycle) was employed. Elongation was done for 10 s at
72°C. After the first-round LC-PCR, capillaries were opened and the
reaction mixes were centrifuged into 1.5-ml tubes. After this, 980 pl
of bidistilled water were added into each tube. For the second round,



2 ul of this dilution were added to 18 ul of LightCycler Fast Start DNA
Master Hybridization Probes kit (Mg** final concentration, 4 mM;
primer final concentration, 0.5 uM each). After denaturation for 10
min at 95°C, 30 LC-PCR cycles were run. After this, another
denaturation was done for 5 s at 95°C. For the 10-s annealing,
another touch-down profile (65° to 60°C; step size, 0.2°C per cycle)
was employed. Elongation was done for 10 s at 72°C.

In-house RT-PCR and detection of amplification products.
Enterovirus RNA was eluted with 50 ul preheated (95° C) water and
20 ul were taken for reverse transcription and amplification using the
Qiagen OneStep RT-PCR Kit (Qiagen) according to the
manufacturer’s instructions (primer final concentration, 0.5 yM
each). Reverse transcription (RT) was carried out at 50° C for 30
min. After stopping the reaction at 95° C for 15 min, amplification of
cDNA was carried out in the same tube. Amplification involved 35
cycles on a Perkin-Elmer 9600 thermocycler. Thirty-five PCR cycles
consisting of 30 s at 94° C, 30 s at 50° C, and 30 s at 72° C were
run. After the final cycle, the tubes were incubated for an additional 5
min at 72° C. Each amplification run contained three negative
controls and one positive control. Amplification products were
analyzed by gel electrophoresis on a 2% agarose gel. All positive
results were confirmed by a complete second run.



RESULTS

When tenfold dilutions of two enterovirus strains, coxsackievirus
B4 and echovirus 7, were tested by automated RNA extraction and
real-time PCR on the LC instrument, the detection limit was found to
be 0.1 TCIDsp (Fig. 1). With the dilution containing 0.01 TCIDsy, the
new molecular assay produced negative results.

When samples from the Third European Union Concerted Action
Enterovirus Proficiency Panel were tested with automated RNA
extraction and real-time PCR on the LC instrument and with the in-
house assay, both molecular assays gave identical results to the
expected results, which were based upon the results of three
reference laboratories using a total of four different molecular
methods before distribution of the panel. For coxsackievirus A9, 1
TCIDsp (vial 3) and 0.1 TCIDs (vial 2) could consistently be detected,
whereas 0.01 TCIDsp (vial 1) were not detected at all. Both, the only
sample containing coxsackievirus B5 (100 TCIDsp; vial 7) and the
only one containing echovirus 6 (10000 TCIDso; vial 5) were found
positive. For Echovirus 11, 10000 TCIDsg (vial 9), 100 TCIDs (vial
11), and 10 TCIDs, (vial 6) tested positive repeatedly. The only
sample containing enterovirus 71 (10 TCIDsg; vial 8) was consistently
found positive.

From a total of 109 CSF specimens, 23 (21%) were repeatedly
found to be positive by automated RNA extraction and real-time PCR
on the LC instrument and by the in-house PCR assay and 82 were
found to be negative by both molecular assays (Fig. 2). Four
samples yielded discrepant results: three of them were positive with
the in-house assay and negative with the real-time assay, and the
remaining was positive with the real-time PCR assay and negative
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with the in-house PCR assay (Table 3). Upon repetition, all samples
were repeatedly tested with the same results.

The molecular assay based on automated RNA extraction and
real-time PCR on the LC instrument proved to be quick and
laborsaving. The whole procedure could be finished within 4 h.
Automated RNA isolation with the MagNA Pure LC could be
completed within 105 min for extraction of 32 samples. This included
a 15-min set-up of the MagNA Pure LC. The time required for the
postelution protocol was 20 min. After centrifugation, the combined
cycling and detection procedures took another 115 min including 15
min for centrifugation and pipetting between the two rounds. No
contamination was observed during the whole study. The in-house
PCR assay took about 4 h. One hour was required for DNA
extraction, 2 h were required for PCR, and another hour was
required for detection by gel electrophoresis.
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DISCUSSION

In the present study, a new molecular assay based on automated
DNA extraction with the MagNA Pure LC and real-time PCR on the
LC instrument was evaluated and compared to a conventional in-
house PCR assay. Compared with the in-house assay, the detection
limit of the new molecular assay was found to be similar indicating
that both extraction methods may result in similar amounts of
enterovirus RNA.

In this study, discrepant results may have emerged from
amplification failures of enterovirus serotypes, contamination
problems, and nonspecific amplification products. Primer and probe
sets most frequently used for detection of enteroviruses from clinical
specimens are those reported by Chapman and coworkers and
Rotbart et al. (Chapman et al., 1990; Rotbart, 1990; Rotbart et al.,
1994). For the new molecular assay, primers with minor
modifications to those first described by Rotbart were employed.
Primers and probes identical to or with minor modifications to those
first described by Rotbart were found to be truly panreactive with
human enteroviruses (Halonen et al., 1995; Kessler et al., 1997; Zoll
et al., 1992). These primers only failed to amplify echoviruses 22 and
23, which have been reported to be genetically distinct
picornaviruses and are rarely isolated in CSF (Auvinen and Hyypia,
1990; Coller et al., 1990; Oberste et al., 1998; Strikas et al., 1986).
Specific PCR products were not detected when testing a variety of
non-enterovirus meningitis pathogens; however, amplification
products were detected from RNA extracts of five rhinovirus
serotypes (Kessler et al., 1997). Cross-reactivity between
rhinoviruses and enteroviruses is produced by sequence homology
between these two picornavirus groups. This cross-reactivity,
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however, is of minor importance when testing CSF specimens, as
there are no published reports of isolation of rhinovirus from CSF
specimens. This would, however, have an important impact on
testing of nasal or pharyngeal swabs. For the in-house PCR assay,
primers with minor modifications to those first described by Chapman
et al. were employed. These primers have also been shown to be
panreactive with human enteroviruses and to fail to amplify
echoviruses 22 and 23 (Chapman et al., 1990).

It has been demonstrated that the probability of false-positive
results because of contamination increases in relation to the number
of hands-on manipulations involved in sample processing (Clewley,
1989; Kwok and Higuchi, 1989). The new molecular assay included
RNA extraction with the MagNA Pure LC, a fully automated nucleic
acids extraction instrument. This instrument has recently been
shown to be reliable and did not produce contamination during a
study on automated extraction of herpes simplex DNA (Kessler,
2001). The remaining weakness in the design of the new molecular
assay that could lead to false-positives may be pipetting steps
between the first-round PCR and the second-round PCR. In the
future, this step may be avoided by a two-round PCR on the LC
using a single closed capillary to exclude the possibility of
amplification product carry-over (Berg et al., 2001).

Detection formats of the LC technology include general detection
of double stranded DNA (SYBR® Green technology), which
corresponds to gel electrophoresis of in-house assays, and specific
detection of the target sequence by using a TagMan probe or
hybridization probes (Landt, 2001). Probes prevent false-positive
results due to nonspecific amplification products and guarantee
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specificity of results. Therefore, probes should always be employed
for molecular assays in the routine-diagnostic laboratory.

Time for testing 32 samples was similar with both molecular
assays. If less than 8 specimens are extracted, the extraction kit
used for the in-house molecular assay will be the quicker method. It
must, however, been taken into consideration that the hands-on time
for extraction is only 15 min when using the MagNA Pure LC. When
compared with the in-house assay, a 50% increase of cost was
observed with the LC assay.

In summary, the new molecular assay based on extraction with
the MagNA Pure LC and real-time PCR on the LC instrument proved
to be suitable for the routine diagnostic laboratory. Compared to a
conventional in-house assay, it was found to be less labor-intensive
and easy to use. Because of the lower number of manipulations,
there may be a lower probability of getting false-positive results that
are due to contamination.
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TABLE 1. Third European Union Concerted Action Enterovirus Proficiency Panel

Vial number Virus Dilution? Expected result’
1 Coxsackievirus 107 negative
2 A9 107 positive
3 Coxsackievirus 10°® positive
4 A9 negative
5 Coxsackievirus 10 positive
6 A9 10°® positive
7 None 10 positive
8 Echovirus 6 10 positive
9 Echovirus 11 10° positive
10 Coxsackievirus negative
11 B5 10° positive

Enterovirus 71
Echovirus 11
None
Echovirus 11

# Dilution of original stock; TCIDso/ml of original virus stock; coxsackievirus A9, 3.6 x 105
coxsackievirus B5, 3.2 x 10°; echovirus 6, 2.0 x 10®; echovirus 11, 2.5 x 10”; enterovirus
71, 5.6 x 10°.

® Expected results are based upon the results of three reference laboratories using a total
of four different molecular methods before distribution of the panel.



TABLE 2. Oligonucleotides used for the new molecular assay

Assay step and primer (sequence) or product Positions Length G+C Melting
amplified® (nucleotide  content temp
s) (%) (°C)
Initial PCR
Primers
Forward (6-CCCCTGAATGCGGCTAATCC) 455-474 20 60.0 61.7
Reverse (6'-CAATTGTCACCATAAGCAGCCA) 582-603 22 45.5 58.8
Product 455-603 149
Seminested PCR
Primers
Forward (6'-GTAACGGGCAACTCTGCAGC) 517-536 20 60.0 60.2
Reverse (5'-ATTGTCACCATAAGCAGCCA) 582-601 20 45.0 55.2
Product 517-601 85
TagMan probe (5°-6FAM- 537-562 26 55.6 69.0

CACGGACACCCAAAGTAGTCGGTTCC-TAMRA)

®GenBank accession number: AF231765 (Coxsackievirus B3 strain PD, complete genome).



TABLE 3: Discrepant resuits

Patient Age In-house Real- Enteroviru Final diagnosis
no. (yr)/sex® PCR assay time s Serology
(R)° PCR ¢
R)’
1 6/M N P (P) ND Aseptic meningitis
6/M P (P) N (N) ND Aseptic meningitis
3 7™M P (P) N(N) [IgGP;IgM Aseptic meningitis
N
4 30/M P (P) N (N) ND Aseptic meningitis
2 F, female; M, male.

® R, repeat result; N, negative; P, positive.

¢ ND, not done; N, negative; P, positive; IgG, immunogilobulin G; igM, immunoglobulin M.
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Hepatitis G virus — pathogén vagy endosymbionta?
Miiller Zsdfia, dr., Dedk Judit, dr., Nagy Erzsébet, dr.
Klinikai Mikrobioldgiai Diagnosztikai Intézet, Altaldnos Orvostudomanyi Kar,

Szegedi Tudoményegyetem

Réviditések: HGV': hepatitis G virus, HCV: hepatitis C virus, HBV: hepatitis B
virus, RT-PCR: reverse transcriptase polymerase chain reaction, ELISA:

enzyme linked immunosorbent assay

Osszefoglalas

A hepatitis G virus, melyet GB virus C-nek is neveznek, az egész vilagon
eléfordul, azonban a klinikai jelentdsége még nem meghatarozott. A virus
parenteralisan atvihetd, gyakran hepatitis C és hepatitis B virussal egyiitt fordul
eld. Szdmos ismeretlen koriilmény mellett a pathogenitdsa megkérddjelezheto,
azonban gyakori el6forduldsiat leirtak fulmindns hepatitisben is.
Kozleményiinkben a virus szerkezetét, epidemioldgiai sajatossagait, kimutatasi
lehetoségeit, a kiilonb6z6é koérképekben feltételezett szerepét és a terapids
eredményeket ismertetjilkk. Dél-kelet Magyarorszagon a HGV E2 ellenanyag
prevalencidjat vizsgaltuk chronicus C virus hepatitisben szenvedok koézott; az
ellenanyag el6forduldsi aranya 56%, és HCV antitesttel nem rendelkez6

egészséges kontroll csoportban; a prevalencia 26,3% volt.



Miiller Zs., Dedk J., Nagy E.: Hepatitis G virus - pathogen or endosymbiont?

Summary
Hepatitis G virus (HGV), also called GB virus C, can be found worldwide, but
the clinical significance of this virus is still unclear. HGV is a parenterally
transmissible positive single-stranded RNA virus, a member of the Flaviviridae,
and is closely related to hepatitis C virus. Coinfection with other blood-borne
viruses such as hepatitis B and hepatitis C is common. Although there are
several unknown features in the pathogenesis, the virus can rarely be detected in
fulminant hepatitis. In this review the structure of HGV as well as the
epidemiology and the diagnosis of hepatitis G virus are described together with
the role of HGV in different diseases and the therapeutic possibilities. In South-
East Hungary the prevalence of anti-HGV antibodies was found to be 56%
among patients with chronic C hepatitis, and 26,3% among anti-HCV negatives.
Bevezetés

A GB virus C-t (GBV-C) 1995-ben izolaltdk egy eredetileg acut
hepatitisben szenvedé betegb6l és a hepatitis G virust (HGV) egy hepatitis C
virus okozta chronicus hepatitisben szenvedd betegb6l’™ *®. A két virus
valoszinlileg ugyanazon virus kozeli varidnsai, mivel kozottik 86%-os
nukleotid, és 95%-o0s aminosav homoldgiat mutattak ki. A virus nevezéktana
még nem megoldott, jelen dolgozatban a hepatitis G virus elnevezést hasznaljuk.

A kozosségben szerzett hepatitisek 20%-a, a feltehetGen virus-okozta

chronicus méjbetegségek 10%-a, a posttransfusiés hepatitisek 1-2%-a nem



tulajdonithatok az eddig ismert hepatitis (A, B, C, D és E hepatitis virus) vagy
egyéb (Epstein-Barr, CMV) virusoknak®. A virus felfedezése felvetette a
lehetdséget, hogy megtalaltak azt a kdrokozot, mely ezekért az esetekért felelos.
Hepatitis G virus
Torténeti dttekintés
30 évvel ezel6tt egy hepatitist okozo viralis agenst talaltak egy acut hepatitisben
szenvedd sebész mintdjabol, majd féemldsdkbe passzaltdk. Az agenst a beteg
kezdébetiii utan GB virusnak nevezték el. A génszekvencia analizis segitségével
harom RNS szekvenciat (GBV-A, GBV-B, GBV-C) azonositottak a mintakbdl.
A GBV-A és a GBV-C szekvencidk phylogenetikai analizise nagyfoku
homolégiat mutatott 2.
Ugyanebben az évben Linnen és mtsai j hepatitis virusok utdn kutatva
azonositottdk egy chronicus hepatitisben szenvedé beteg szérumabol a HGV
szekvencigjat. A virus szintén rokonsagot mutatott a flavivirusokkal. Késébb
95%-0s aminosav homologiat mutattak ki a HGV és a GBV-C virus k6zott.
Szerkezeti felépités

A hepatitis G virus pozitiv, egyszali RNS virus, kb. 9400 bazispar
hosszisagli genommal, a Flaviviridae csaldd tagja. A hepatitis C virushoz
(HCV) hasonléan 5’ nem transzlalédé régiét (UTR), majd egy hosszi open
reading frame-et tartalmaz (1. kép). A termel6d6 fehérjék strukturalis (E1, E2)
és nem strukturédlis proteinekb6l (NS2, NS3, NS4, NS5) allnak. Core vagy

nucleocapsid protein gént eddig nem tudtak azonositani. Mivel a torzsek



aminosav szekvencia analizise kisfoka eltérést mutat, 4 csoportba (1, 2, 3, 4) és
2 alcsoportba (2a, 2b) soroltak®. Az 1. csoportot Nyugat-Afrikaban, a 2.
csoportot Eszak-Afrikdban, Eurépaban, Indidban detektaltdk, a 3. csoportot
Azsidban, a 4. csoportot Délkelet-Azsidban azonositottak.

A HGYV infekcié diagnosztikaja:

Az akut fertézés diagnosztikdja szerologiai mddszer hidnyaban jelenleg a
viralis RNS kimutatasan alapul és RT-PCR moddszerrel torténik vérmintabol. A
primereket altalaban az 5°, 3° végen talalhaté konzervalt régiokbol valasztjak.
»Nested” PCR moddszert alkalmazva kiilsé és bels6 primerek segitségével a
modszer szenzitivitasa fokozhat6. A viralis RNS jelenléte perzisztens fert6zésre
utal.

A lezajlott fert6zés esetén megjelend E2 fehérje ellen termelddott
ellenanyagok kimutatdsara ELISA mddszer all rendelkezésre. Az ellenanyagok
megjelenésével egyidoben ritkan lehet HGV RNS-t kimutatni. Valészin(, hogy
az ellenanyag megjelenése osszefiigg a HGV clearence-el, igy jelenléte lezajlott
fert6zésre utal. Az anti-E2 antitest alkalmas a populacié atfert6zéttségének
vizsgalatéra.

Epidemiolégia

A hepatitis G virus az egész viligon elterjedt, azonban prevalencija
kiilonboz6. A virus sok hasonlésagot mutat a hepatitis C virussal, igy a
transmissio modjdban is (2. tdbldzat). Magas a prevalencia haemodyalisalt

betegek kozott (6,2-26%)'* 2" 2" 38 transfusién atesettek kézdtt, intravénas



droghasznalok kézott (33-75%) (. 24.28) Ezek az adatok valésziniisitik, hogy a
virus parenterdlisan atvihetd, azonban leirtak szexudlis, vertikalis, csaladon
beliili atvitelt® *. A vilag szamos orszagaban vizsgaltak a HCV RNS és az anti-
E2 prevalencidjat véradok kozott (1. tablazat), eléfordulasuk nagy
kiilsnbségeket mutatott (14,6- 0,8%). A véradok adatai dltaldban egy szelektalt
populaci6 eloszlasat mutatjak, nem az atlaglakossagét.

Non-A, non-E posttranszfusiés hepatitis esetén 19-40%-aban detektaltak
HGYV RNS-t, azonban non-A, non-E sporadikus hepatitisek esetében csak 0-9%-
ban. Vizsgaltik a HGV RNS jelenlétét egyéb akut hepatitisek esetében. Alter és
mtsai akut hepatitis A virus fert6zés esetén 25%-ban mutattak ki HGV RNS-t,
ellenben Nakatsuji és mtsai-val, akik nem tudtak kimutatni hasonlé
betegcsoportban HGV fertdzést® 2,

Acut hepatitis B és C fert6zés esetén 10-32%-o0s volt a HGV prevalencia,
amely joval magasabb az atlag populdcidéban mértnél. Non-A, non-C fulminans
hepatitis esetén az adatok ellentmonddak. A prevalencia az 12%-tdl a 50%-ig
terjed'>*®. A legtobb HGV RNS okozta fulminins maéjelégtelenségrol
plasmapheresis utan szamoltak be.

Kiilonb6z6 kutatdcsoportok chronicus hepatitisek esetén vizsgaltak a HGV
RNS jelenlétét. Osszefliggéseket non-A, non-C chronicus hepatitis, majcirrhosis,
hepatocellularis carcinoma (0-35% HGV RNS pozitiv esetek aranya), hepatitis

B virus okozta chronicus hepatitis, majcirrhosis, hepatocellularis carcinoma és

HbsAg hordozok esetében (0-12%-0s HGV RNS eléfordulasi arany), hepatitis C



virus okozta chronicus hepatitis, majcirrhosis €s hepatocelluldris carcinoma
esetén (5-39%-os volt a HGV PCR pozitivas) (3. tablazat)
Clinicopathologiai jellemzok
Acut hepatitis

Szamos szerz6 vizsgalta az acut hepatitisben szenved6k klinikai adatait.
Osszehasonlitva a HGV fertézést a HCV-HGV koinfekciéval, valamint a HCV
fertdzéssel acut hepatitis esetén, azt talaltak, hogy vértranszfiizié utani hepatitis
G virus fertdzés utdn nem fejloédott ki sargasag és az atlag ALT szint is
alacsonyabb volt. Hepatitis G virus fertdzés esetén a tipikus klinikai lefolyas: az
ALT szint emelkedés a HGV RNS szintjével van Osszefliggésben, majd az anti-
E2 ellenanyagok megjelenésével és a HGV RNS eltlinésével normalizalédik (2.
kép). Alter és mtsai quantitativ PCR-rel vizsgaltdk a HGV RNS mennyiségét.
Nem talaltak szignifikans kiilonbséget a HGV fert6zés, HGV+HCV fert6zés és
HCV fert6zés esetén a virus mennyiségében. Bar szamos esetben vizsgaltak a
HGV szerepét acut hepatitisben, a bizonyitékok nem elégségesek, tovabbi
vizsgalatok sziikségesek.
Chronicus majbetegségek

A hepatitis G virus perzisztens fertézést is okozhat, bar nem tartalmaz
hipervaridbilis régiot, mint a HCV, hogy annak segitségével kibujjon az
immunvalasz el6l %), Tanaka és mtsai csak HGV okozta chronicus hepatitisben
szenvedo 3 beteget vizsgaltak. A histologiai diagnézis enyhe chronicus hepatitist

jelzett kis foku fibrézissal és gyulladassal. Kobayashi és mtsai is szignifikdnsan
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meg chronicus HGV fert6zés esetén Osszehasonlitva a chronicus hepatitis C
virus fertdzéssel.

A chronicus HCV infekcid esetén kb. 15%-ban figyeltek meg HGV
koinfekciot. Tanaka és mtsai figyelték meg el6szor, hogy a HGV infekcié nem
silyosbitja a chronicus hepatitis C virus fert6zés biokémiai és hisztoldgiai
paramétereit. Vizsgaltak a HGV fert6zés interferonra (IFN) adott valaszat és a
hepatitis G virus fertézés hatasat a chronicus hepatitis C virus fertézésben
szenved6k IFN terapidra adott valaszat®”*®, Tobb szerz6 egybehangzo allitasa
szerint a HGV fert6zés érzékeny interferon terapiara, mely azonban csak néhany
betegnél bizonyult tartds hatasinak. A HCV fert6zés IFN-ra adott valaszat nem
befolyasolta a HGV fert6zés jelenléte.

A HGY fertozés hosszitavu lefolyasa

Harom szerz6 vizsgalta a hepatitis G virus fert6zés lefolyasat 7-16 éven at.
A hepatitis G virus hosszutavi kovetése szerint a vizsgalt esetekben a HGV
RNS clearence 1 hénap és 7 év kozott kovetkezett be, mellyel egyid6ben az anti-
E2 megjelent. Egyik esetben sem figyelték meg a hepatocellularis carcinoma
kifejlodését® 237,

A HGYV hepatocarcinogenesise

Az eddig megjelent tanulményok szerint a HGV fert6zés jelenléte nem

ndveli a carcinoma kialakuldsdnak esélyét, s6t chronicus HBV ill. HCV

fertdzottekben sem noveli a tumor kialakulasénak kockazatat™ 2.



A HGYV fertozés szerepe egyéb korképekben

Brown és mtsai vizsgaltdk a hepatitis G virus szerepét aplasticus
anaemidban hepatitisszel és anélkiil. A HGV RNS az aplasztikus anaemidban
szenvedok kozott 26%-ban, a sokszoros transzfuizion atesett kontroll csoportban
23%-ban fordult el6. Megallapitottik, hogy a HGV nem aetioldgiai faktora az
aplasticus anaemianak®.

Autoimmun hepatitisek esetében a HGV alacsony prevalencidja
val6sziniisiti, hogy nem jatszik fontos szerepet ezen betegségekben sem‘'?.
Beteganyag

Osszesen 150 esetben végeztik el a HGV ellenanyag vizsgalatot.
Kontroll csoportként 76 HBsAg, HCV és HIV ellenanyaggal nem rendelkez6
egészségligyi dolgozot valasztottunk, akik invaziv beavatkozast nem végeztek
(no/férfi: 45/25, atlagéletkor: 47 év).

Meghatéaroztuk a HGV ellenanyag jelenlétét két HCV fertézésen atesett, 6
HCV hordozé és 10 HBsAg hordozé egészségiigyi dolgozonal, tovabba 48
chronicus hepatitis C virus fertézésben szenvedo betegnél, akik a vizsgalat utin
IFN terapiaban részesiiltek (n6/férfi: 20/28, atlagéletkor: 46,5 év).

Modszer

A Hepatoldgia Ambulancidan minden betegnél részletes anamnézis felvétel
és fizikélis vizsgalat tortént. A hepatitis B virus kimutatasira az Ortho HBsAg
ELISA 3. generacios tesztet, vagy az Abbott Axsym HBsAg (V2) tesztet

hasznaltunk. Verifikalasra az Organon Hepanostica Uniform HBsAg 2.0 tesztet



és Organon Hepanostica Uniform HBsAg 2.0 confirmalé tesztet hasznaltuk.
Reaktiv mintdk esetén egyéb hepatitis B virus markerek detektalasat is
elvégeztiikk: Organon Hepanostica Uniform anti-HBc IgM, anti-HBc IgG, anti-
HBe, HBeAg ELISA teszt. |

A hepatitis D virus és hepatitis E virus ellenanyag kimutatasa kizar6lag
HBsAg hordozok mintdibdl Organon Hepanostica Uniform anti-HDV, anti-HEV
ELISA teszt segitségével tortént.

A HCV ellenanyag meghatarozast Ortho HCV 3.0 ELISA mddszerrel
végeztilk. Reaktiv mintdk esetén megismételtiik az ellenanyag meghatdrozast
Abbott Axsym, ill. IMx HCV 3.0 vagy RIBA 3.0 konfirmacids vizsgalatokkal.
Béarmely moddszerrel hepatitis C virus ellenanyag reaktiv vagy hatareset minta
esetén a HCV RNS-t a Roche Amplicor HCV 2.0 PCR vizsgalattal hataroztuk
meg.

A HGV ellenanyag detektalasit RD System anti-GBV-C Kkit-tel
végeztiik. A vizsgalati modszereket a gyart6 altal eléirt modon alkalmaztuk.
Eredmények és kovetkeztetés

Vizsgalataink eredményét az 4. tdblazatban foglaltuk dssze.
Magyarorszagon Takacs és mtsai vizsgaltdk 255 egészséges személy esetében a
HGV ellenanyag jelenlétét. Kontroll csoportjukban hasonlé ardnyban (27,8%)
talaltak  ellenanyaggal rendelkez6 személyeket, mint sajat kontroll
csoportunkban (26,3%). Ez a nemzetkdzi adatokkal &sszehasonlitva magas

prevalenciat jelent az atlaglakossag korében. Chronicus hepatitis C virus



fertbzésben szenveddk koézott meglepben magas aranyban talaltunk HGV
ellenanyagot (56%). A chronicus hepatitis C virus esetén a HGV RNS jelenlétét
vizsgald szerzok szerint a HGV RNS a fertdzés jelzdje, az E2 fehérje ellen
termel6dott ellenanyag jelenléte lezajlott fertdzésre utal (3. tablazat). A vizsgalt
személyek 81%-4anak anamnézisében vértransfusio, miitét fordult elé az 1992-t
megel6z6 években, amikor a véradok anti-HCV sziirését még nem vezették be.
Bar a virus parenteralisan atvihetd, a magas el6forduldsi aranya még mas
terjedési lehetdségeket is feltételez.

Azok kozott a hepatitis C virus fertdzott egészségiigyi dolgozok kozott,
akik HCV RNS-sel rendelkeztek, hasonldan magas (50%) aranyban detektaltunk
HGYV ellenanyagot, mint a chronicus hepatitis C virus szenved6k kozott.

A HBV fert6z6tt személyek széruma 30%-ban HGV ellenanyagot is
tartalmazott. Ugy tiinik, hogy nincs olyan szoros kapcsolat a HBV és HGV
fert6zés kozott, mint a HCV és a HGV kozott.

A HGYV altal okozott fert6zés enyhe tiinetekkel jar. Felvetddik a kérdés,
hogy val6jaban hepatitis virussal allunk-e szemben? Ugy tiinik, hogy a virus
hepatotrop, de nem okoz minden esetben hepatitist®. 1997 6ta ujabb virusokat
fedeztek fel, melyek hepatitist okozhatnak. Ezek a TT virus (TTV), a SANBAN
virus, a TTV- szerli minivirus (TLMV), a SEN virus (SENV), és a Sentinel virus
(SNTV). Tovabbi kutatasok sziikségesek ezen virusok pathogenitdsanak

megitélésére ®,
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1. tablazat: A HGV RNS és az anti-E2 ellenanyag prevalencidja

egészségesekben és véradoknal egyes orszagokban

HGYV markerek
Orszag Irodalmi hivatkozas
eléfordulasa %
Japan 6 36
USA 0,8-1,7 7,19
Kina 0,7-2 41-44
Thaifold 4,3 11
Vietnam 5,7 5
Németorszag 4,7 16
Deél-Afrika 14,2 17
Norvégia 7,5 25
Bolivia 14,6 17
Magyarorszag 26,3 *

*sajat adat
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2. tablazat A HGV RNS és anti-E2 ellenanyag el6forduldsa magas rizikd

csoportokban
HGV RNS Anti-E2
Csoport
% %
Intravénas droghasznalok 4-38 41-85
Fizetett véradok 5-26 33-34
Haemodializalt betegek 11 8
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3. tablazat A HGV RNS eléfordulasa chronicus hepatitis esetén

Kategoériak HGYV RNS elofordulas %
Non-A non-C
Chronicus hepatitis 6-35
Majcirrhosis 10
Hepatocellularis cc 0-14
Hepatitis B
HBsAg hordoz6 10
Chronicus hepatitis 0-10
Majcirrhosis 18
Hepatocellularis cc 4-15
Hepatitis C
Chronicus hepatitis 5-39
Majcirrhosis 12

Hepatocellularis carcinoma 10-11



4. tablazat A HGV anti-E2 ellenanyag el6fordulasa magas kockazati és kontroll

csoportokban Magyarorszagon

Csoportok n HBsAg Anti-HCV HCVPCR Anti-HGV
Kontroll csoport 76 0 0 0 . 19(26,3%)
Chr. HCV hepatitis 48 0 48 48 27 (56%)
HCV poz eii.dolg. 8 0 8 6 5 (62,5%)
HCV PCR poz. elidolg 6 0 6 6 3 (50%)
HBYV hordoz6 eii. dolg. 10 10 0 0 3 (30%)
*nem ismert
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Abstract

+ Hepatitis C virus (HCV) genotypes are relevant to epidemiological questions,
vaccine development, and clinical management of chronic HCV infection. Aim of this
study was to determine HCV genotypes of South Hungarian and Southeast Austrian
patients with chronic hepatitis C. Results were obtained by the largely automated
TruGene HCV 5°NC Genotyping Kit (Visible Genetics, Toronto, Ontario) and by
phylogenetic analysis. All of the 20 Hungarian patients and 15 out of 20 Austrian
patients were infected with genotype 1. The remaining Austrian patients were
infected with genotypes 3 or 2. With the commercially available assay, it was not
possible to determine the HCV subtype in a total of 3 patients. The TruGene HCV
5°NC Genotyping assay for determination of HCV genotypes proved to be useful for

a high-throughput routine diagnostic laboratory.

Keywords: HCV, genotype, sequencing, Austria, Hungary



1. Introduction

Molecular characterization of hepatitis C virus (HCV) revealed the existence of a
positive sense RNA genome of approximately 9400 bases in length. The complete
genome sequence has been determined in different HCV isolates worldwide and
substantial nucleotide sequence variability throughout the viral genome was found
(Choo et al., 1991). The comparison of published sequences of HCV has led to the
identification of distinct HCV genotypes that may differ from each other by as much
as 33% over the entire viral genome (Okamoto et al., 1992). The variability within the
HCV genome has formed the basis for several genotyping systems. The currently
most commonly used classification system is based on 5" non-coding region
(Simmonds et al., 1994). HCV genotypes 1, 2, and 3 show a worldwide distribution,
while others such as types 5 and 6 are only found in specific geographical regions
(Simmonds et al., 1999). The different genotypes are relevant to epidemiological
questions, vaccine development, and clinical management of chronic HCV infection.

Methods for HCV genotyping include amplification of certain genomic regions
followed by nucleotide sequencing, reverse transcription (RT)-PCR with genotype-
specific primers, restriction fragment length polymorphism (RFLP) analysis of RT-
PCR products, and RT-PCR with universal primers followed by subtype-specific
hybridization (Simmonds et al., 1993; Widell et al., 1994; Davidson et al., 1995;
Stuyver et al., 1996). Nucleotide sequencing followed by phylogenetic analysis is the
current “gold standard” for identifying different HCV genotypes and subtypes but is
generally regarded as not practical for routine clinical laboratory settings (Ross et al.,
2000). Recently, the TruGene HCV 5°'NC Genotyping Kit (Visible Genetics, Toronto,

Ontario) has been brought on the market. For this assay, amplification products



generated by the AMPLICOR HCV or AMPLICOR HCV MONITOR assays (Roche
Molecular Systems, Pleasanton, CA) can be used.

Aim of this study was to determine HCV genotypes of South Hungarian and
Southeast Austrian patients with chronic hepatitis C. Results were obtained by the

TruGene HCV 5°'NC Genotyping Kit and by phylogenetic analysis.

2. Materials and Methods

Sera from 40 patients with chronic hepatitis C were studied. The female-male ratio
was 10:10 for Hungarian patients and 11:9 for Austrian patients. The mean age was
49.3 years (Hungarian patients; range, 10-60 years) and 51.4 years (Austrian
patients; range, 22-78 years), respectively. All patients were citizens of either
Hungary or Austria. None of the patients was on antiviral treatment at the time of
specimen collection. All of them had been tested anti-HIV and HBsAg negative.

in all sera, HCV antibodies had been detected by microparticle enzyme
immunoassay assay (MEIA; Abbott AxSym HCV 3.0; Abbott Laboratories, Chicago.
Iil.) and for HCV RNA by RT-PCR (Cobas Amplicor HCV 2.0; Roche). For statistical
analysis, the Mann-Whitney U-test was used. A finding of P<0.05 was considered
statistically significant.

For sequencing by the TruGene kit (Visible Genetics), amplification products
generated by the Cobas Amplicor kit (Roche) were used. Amplification products were
stored frozen at —70° C until further testing. PCR products were neutralized and
purified by the High Pure PCR Product Purification Kit (Roche Molecular
Biochemicals, Mannheim, Germany). Sequencing was done with the TruGene HCV

5'NC Genotyping Kit (Visible Genetics) according to the manufacturer’s package



insert. The sequencing reaction of the 5’NC gene was generated from the
amplification product by CLIP (Visible Genetics) sequencing. This technique allows
both directions of the amplification product to be sequenced simultaneously in the
same tube using two different dye-labeled primers for each of the four sequencing
reactions. Electrophoresis and analysis of data were done with the automated
OpenGene DNA sequencing system (Visible Genetics). For electrophoresis, the
automated Long-Read Tower was used. Data were acquired with the Genel.ibrarian
module of GeneObjects software by combination of the forward and reverse
sequences and comparison to a standard HCV sequence.

Sequences of the 183-bp HCV &’ non-coding region (nucleotides 96 to 278) were
subjected to phylogenetic analysis using the PHYLIP software package, version 3.5¢
(Forns and Bukh, 1998) Distances between pairs of sequences were estimated with
the DNA-DIST program. Phylogenetic trees were constructed by the unweighted pair
group method using arithmetic averages on the previous sets of pairwise distance

according to Ross et al., 2000.

3. Results

In Hungarian patients, the mean ALT value was 94 U/l (range, 51 to 265 U/l) and
86 U/l (range, 47 to 185 U/l) in Austrian patients (Table 1; not significant). The
median serum HCV RNA load was 7.6 x 10° IU/ml (range, 1.2 x 10° to 2.7 x 10°
IU/ml) in Hungarian patients and 7.0 x 10° IU/ml (range, (1.1 x 10° to 1.1 x108 1U/ml)
in Austrian patients (not significant).

With the TruGene HCV 5'NC Genotyping Kit, all of the Hungarian patients were

found infected with genotype 1 (Table 2). The most common subtype was 1b (18



patients). Subtype 1a was determined in one patient, and in another one, genotype 1
was not further definable. Of all Austrian patients, 15 were found infected with
genotype 1 (11 with subtype 1b, 2 with subtype 1a, and 2 patients genotype 1, not
further definable). In 2 Austrian patients, genotype 2 and in 3 patients, genotype 3
was found.

The commercially available sequencing assay could be performed within 5 hours.
Following neutralization and purification of PCR products, which took 15 minutes, the
sequencing reaction could be performed within 3.5 hours including a half-hour
manual pipetting. Another hour was needed for electrophoresis and analysis of data.

With phylogenetic analysis, all of the Hungarian patients were found infected with
genotype 1 (Table 2). The most common subtype was 1b (19 patients). In one
patient, subtype 1c was determined. Patients with subtype 1b showed a high
homology among the isolates (Figure 1). Of all Austrian patients, 15 were found
infected with genotype 1 (13 with subtype 1b and 2 with subtype 1a). In 2 Austrian

patients, genotype 2 and in 3 patients, genotype 3 was found.

4. Discussion

HCV genotyping is useful for solution of epidemiological questions and
development of vaccines against HCV. Furthermore it has been shown to be
beneficial to facilitate therapeutic decisions and strategies (Poynard et al, 1995;
Davis et al., 1998; McHutchinson et al., 1998).

In this study, the TruGene HCV 5°NC Genotyping assay, which has recently been
brought on the market and found to be useful for the routine diagnostic lab, was

employed (Ross et al., 2000; Ansaldi et al., 2001; Halfon et al., 2001). Both, results



obtained by the GeneObjects software and phylogenetic analysis revealed all
Hungarian patients to be infected with HCV genotype 1. These data correspond to
previous studies, in which genotypes or serotypes were determined (McOmish et al.,
1994; Jarvis et al., 1996; Par et al., 1998). In one of those studies, 95% of all patients
with genotype 1 were infected with subtype 1b (Jarvis et al., 1996). The majority of
those patients had received transfusions of blood and/or blood products.
Phylogenetic analysis of genotype 1 sequences derived from Hungarian patients
revealed a high homology among the isolates.

Of the 20 Austrian patients, 15 were found infected with genotype 1 with both
methods. The remaining patients were infected with either genotype 3 or genotype 2.
In a recent Austrian study, almost 75% of the patients were infected with HCV
genotype 1, followed by genotypes 3 (16%), 4 (5%), and 2 (3%) (Haushofer et al.,
2001). The maijority of patients with genotype 3 were drug abusers and all of the
patients infected with genotype 4 originated from Middle East countries.

Genotype detection with the Trugene HCV 5’NC Genotyping assay was found
suitable in a routine diagnostic laboratory. It is mainly automated and can easily be
performed by a trained medical technologist. Comparison of that assay with other
genotyping methods revealed that the Trugene HCV 5NC Genotyping assay is
practical for routine laboratory use and can detect HCV genotypes safely (Ross et al.,
2000; Ansaldi et al., 2001; Halfon et al., 2001). Classification of subtypes, however,
was not possible in all HCV isolates. This might be due to the short amplification
product within the highly conserved genome region (only one nucleotide difference in
position 99 for discrimination of subtype 1a and 1b). In those cases, phylogenetic
analysis may help to determinate the HCV subtype. The discrimination between

subtype 1a and 1b is, however, not important for therapeutic decisions because



therapeutic strategies differ only between patients infected with subtype 1 and
patients infected with non-1 subtypes (Mondelli et al., 1999).

In conclusion, results of this study reflect the present situation regarding the
prevalence of HCV genotypes in Southern Hungary and Southeastern Austria, with
genotype 1 being the predominant subtype in both regions. The largely automated
sequencing assay for determination of HCV genotypes proved to be useful for a high-

throughput routine diagnostic laboratory.
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Table 1
Biochemical and virological profile of the studied patients

Parameters Hungarian patients Austrian patients
No. of patients 20 20
Mean ALT (U/) 94 86

Median serum HCV-

5 5
RNA load (IU/ml) 7.6x10 7.0x10
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Table 2
Distribution of HCV genotypes / subtypes in the studied populations

Genotype  Subtype Number of patients
H-T* H-P° A-T° A-P°
1 20 20 15 15
1a 1 0 2 2
1b 18 19 11 13
1c 0 1 0 0
Unidentified 1 0 2 0
2 0 0 2 2
3 0 0 3 3

# Number of Hungarian patients tested with the Trugene HCV 5’NC Genotyping assay
® Number of Hungarian patients tested with phylogenetic analysis

°Number of Austrian patients tested with the Trugene HCV 5’NC Genotyping assay

4 Number of Austrian patients tested with phylogenetic analysis
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Figure 1

Phylogenetic analysis of 5° NC gene sequences of HCV genotypes / subtypes in the

studied populations
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H1-20: Number of 5’NC gene sequences of HCV found in Hungary

A3-41: Number of 5’NC gene sequences o HCV found in Austria
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