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Hapahtis G wus (HCV) has high genotne vanatally and, since ds discovery, 21 least s dithevent
kypes and an mcrsasng nomber of sublypes have been repored. Genolype 1 1 tha most
pravalent genotype found in Seuth Amenca, In the present study, thres different ganoms reguons
(5'UTR, core and NSSB} of four HEV strains eodated lrom Parovian patenis were sequenced

in order to nvestigate the cengroence of HOY gensiyping lor these three gencmes ragwons,
Phylogenshs analysis using ' UTR—core sequences found stran PEZ22 10 be relaled to subilype 1
However, the same analysis using the N35E region fownd 1t to be related 1a sublype 1a To

tasl the possitiily of genaik: recombmanan, phylagenatic studies wera carted ouf, revaaling thal a
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crossover avenl had taken place in the NSEB praten. We discuss the conseguences of this
ohsarvaban on HOY ganolype classibcanon, laboratory dagnoess and trealment of BGY infechon,

INTRODUCTION

Hepatitis C virus (HCY) is the major cavsaiive agent of
post-transfusion hepatitis and parenterally transmitted,
sporadic non-A, non-B hepatitis throughout the world
{Alter 8 See(t, 2000). HCV is an enveloped BRNA virus classi-
fed in the family Faviviridae. HCY has high penomic
variability and at [east six different genotypes and an
increasing nomber of subtypes have been reporied
(Simmonds, 1999),

ENA wiruses exploic all known mechanisms of genetic
variation to ensure their survival {Dominge & Holland,
1597} Their high rate of mutation and replicalion allow
them Lo move through sequerce space at a pace that ofien
makes their DNA-based host’s evolution look glacial in
comparison {Worobey & Holmes, 1999, Orver the last two
decades it has become increasingly clear that many RMNA
viruses add the capacity (0 exchange genctic material with

The GenBark/EMBL acoession numbers of Ihe saquences repoled m
this work are AJAISE1YS, AJFEERY and AJDRL12G-AJ082135

ong another. Thus, in addition to producing lacge amounts
of the raw malerial of evolution {mutations], these viruses
also possess mechanisms {recombination) that, in principle,
allow them both w purge their genomes of accumulaied
delererions chanyes (duller, 1%64) and to create or spread
beneficial combinations of mulations in an eficient manner.

Until 1999, there was no evidence for recombination in
Baviviruses, although the possibility had been considered
{Blok et af, 1992; Kune, 1997; Monath, 1994). Accordingly,
the vast majority of wark on flaviviruses, incleding vaceine
studies and phylogenetic analyses in which genotypes were
idemtified and sometimes correlated with disease severity
{Chen et al., 1990; Leitmeyer ef al, 1999: Rico-Hesse, 1990},
has rested on the implicit assumption that evolution in the
family Flaviviridoe is clonal, with diversiry generated
through the accumulation of mulational changes.

Recent studies have shown this assumption 1o be invalid, as
homologons recormbination bas now been demonstrated in
pestiviruses (bovine vical diarrhoea virus) (Becher ef al.
2001}, flaviviruses (all fowr seratypes of dengue virus)
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(Holmes of al., 1999; Tolou er al, 2001: Uzcategui o af,
2001; Worobey & Holmes, 1994}, hepacrviruses (OB vius
Cthepatitis G virus) (Worcbey & Holines, 2001 and
lapanese encephaiitis or 5t Louis encephalitis virus { Twiddy
& Holmes, 2003). There have been few reports on
tecambination between HCV strains of different genotypes
{Kalinina er af, 2002 Yun et al, 1996) and 10 has been
suggested that these cvents are rare 1 vrve and that the
regultant recombinants are usoally not wable (Simmonds
et al, 19%4; Smith & Simmands, 1997),

Selected HCVY genome regions withun the 5°UTR, core, E|
or N55, which have been shown io be conserved within
a given HCV genotype, are used for the classificaton of
HCY strains (Simmonds ¢ al, (994 Simmonds, 1999).
Most methods for divect HCV genotyping include amphi-
fication of different genome regions, such as the S'UTR,
core, El or NS4, by PCR wuth type-specific primers or by
restriction fragment length polymorphism analysis of PCR
products (Ohno et el 1997; Okamoto et al, 199% Stuyver
gt al, 1993, 1995}, Indirect HCV genotyping may be
achieved by demonstration of type-specific antibodies by
ELISA {Ddxit er of, 1995 Simmonds et af, 1993 Thus,
present methods of HCV genotype identificabion do not
take recombination inlo account.

Given the implications of recombination for vizus evolunon
{Worobey & Holmes, 199%) and the development of vac-
cines, virus control programmes, patient management and
antiviral therapies, it is clearly imporant to determine the
extent ta which recomibination plays a role in HCV evolu-
tion. Recombination plays a significant role in the evolution
of RMNA viruses by creating genetic variation. For example,
the frequent recovery of recombinant 1salates of pohovitus
{Georgesen ef al, 1994; Kew & Nottay, 1984} that 1esult
from recombination involving vaccine strams shows that
recombinatian has the potential to produce "escape mutams”
in nature as well 25 in experiments. Recently, recombination
haz also been detected in ather RMA viruses for whuch
mulbivalent vaccines are in use oif in itials (Holmes e af.,
1999, Suzuki er af., 19%5; Waorobey et al., 199%). We think the
potential [or recombination fo produce new pathogenic
hybrid strains needs 10 be carefully considered whenever
vaccines are used or planned 1o contrul RNA wiruses
Assumplions that cecombination either does nol happen or
s unmportant in ENA viruses have a history of being
proved wrong {Worobey & Holmes, 1999).

It previous studies, we subtyped 72 HCY siraing izolated
in Scuth America {Colina et al, 199% Yepa & of., 2001;
San Roman et al, 2002, Cristina er af, 2002} hy limited
sequencing of the S'UTR region. In the present study,
this work was extended 10 include sequencing of the core
and W58 regions in order to investigate the congroence of
HCY genotype delerminations among the different regions
of the genome. We found congruent results w 97 % of
cases, However, we alsc found evidence {or recombyzaton
between type | subtypes of HCV in the Peruvian population.

METHODS __

Serum samplas. Sciwm anles were ablained w200 patieals
with Jhron, hepane deease froem the Hlospual Macsonal Edgards
Relwmghate Mo tans (Lanta, Peni] Ih éach case, patients tvere s reened
lI*IIIE“ Al BT IMMUNoassay IEI'I]“]SEI'IE[]CS' and A Cﬂ]]ﬁrmalﬂr}r
e nwmunodassae (e 1 lomegenetics), aeoording to Gw isanufac-
tuier s IRStrLion s

RH& extracian, {PNA synthesis and smplification, HCY
RMA way esianted flom 140 pl serum samples with the QlAamg
vidl RMA L (Chapen) according do the manuofacioer's wistrue-
gy | e catactod REA was eloted Gom the columns with 50 pl
BMuse bee water JOMA& semihesis and PCR ampliication of the
SR, e and MSSB regroms were comned out as previewsly
descobsd TChan o af, 1992, Norder o8 o, 1908} To avost
false posmive resuts, the recomanendanions of Kwok & Higod
[ 1989) were stuctty adhered to Aanplons were pupificd wsmg the
Ol Agquach PCR pusufoaten kit (Chagenl, seeacditg to the maalae.
tanen’s Mstuct

Sequancing. 1he pomers wsed bor amphfication were wsed for
sequencing the PCR fiapments Fhe soquencing reactinn wis carred
ol usnig the B Lrve DNA sequetwing ko {Perkm-Elmer) on a
YTE DA scquencs, sppaiaius | Pekm-Eluee] or by manwal soquen-
cing usimg 1he Therio beguenase radialabelled teimmator cvele
kit LA shann )

Sequence amalysis. The soguerees o e 5"UTR plus core and
MEEDR vegonts were ahigned vsng the cresial woprogiam (Thompson
et al, 1994) rang the IR0 poogram (Bumar et af 199043, phylo-
genelic biees wele created by the neghbowrpommg metlod spphed Lo
the distange yatre oblamicd undey the Kimura gwo-parameter modsd
t Felsenstein, 1993 As 2 medsure of the cobusingss of each node, we
unlized ihe bootstrapr method [0 pseudo-replivas

Recombination analysis. Putaive roconbinant sequences wepe
wlentified with the SamPlak program [Lofe of al, 1998}, yang coma-
tevated (5'UTR plus core plus M358 sequences Thes program s
ased] e o sldeng window pecthosd 1o consututes o wey of graphe-
cally displaymag the coberance of the sequence 1elationshups over the
gnlire kength of a wef o! ahgned homologeus sequences ‘The window
vl Ul el Wb stepr wee were so0 o 206 b and 10 Dy, respectively.
Chige the recomlupant astran and strains (guesenting  posable
parents were identificd, the hkely cecombmanen beakpomt was
determuned by aee { Robones e of , 19990 Brefly. for cre1y possible
[rreakprint, the sequence alignmont was divvded mto iwo indepen-
dett regremy foe which the branch kengths of 3 tree of the putative
ecoiibmant amd LS (w0 parein sequences were optitnzed The wo
mesudes (hkehhomdst obtaned by wang the separite regwons were
ther combined to gove a hkelihood score for thot breakpomt posi-
tion, and the Treakpont position a6 peblod the bphest ikelihood
was then compared, womg a bbehibrod ratw test, to the hkehhood
abrained from the sane data wpder a model that permniied no
recombiialion To avsess whether the recombumation model gave &
sigufuantly bewter fit to the data than the null hypaothesis of no
repoandnnation, the [kehhood rabos obomed using the real dana
wele ovgfialed for sigmificance against a null diserilrution of likel-
hood catios produced by wsmg the Mone Cade sonulanon of
seguienices geoerated without recomlinatmn Sequences were somu-
lated 1IN tooves waang e mazwum Lkehhood model parameters
and sequence Tengehs from the real dats using Seq-Cen {Ranbane &
Grashy, %971
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RESULTS

Phylogenetic analysis of HCV stralns

o order to study the congruence of HCV genotype deler-
minations among the different regions of the genome,
5'UTR, cote and NSSB sequences from four HOY steaing
izolated in Peru were obtained. The S'UTR and core
sequences were aligned with those frem 12 other straing
representative of all six HCV types isolated elsewhere for
which total sequences have been ohtained. The arigin of
the sequences and the strains used are listed in Table 1.
Once aligned, phylogenetic trees were created. As can be
seen in Fip, L{A), all HCV strains included in these studies
clustered according to their genolype. Strains belonginyg
to genotype | clustered together with the Peruvian isolates.
Inside the main cluster of type 1 straing, two different line-
ages cotild be seen, supported by very high bootstrap values,
Qne main line represented subtype 1a {Fig. LA, upper parl,
and Table 1), while the other represented subrype (D
(Fig. 1A, middle).

The same analysis was performed using NS5B sequences.
The results of these studies are shown in Fig. 1(B). Ascan be
seen in the Aygure, all HCV sirains included in these siudies
again clustered according to their genotype, and inside the
main type | cluster, two different lincages, again supported
by very high bootstrap values, were observed (Fig. 1B, 1op).
However, strain PE22, assigned to genotype 1k in the 5'UTR
plus core phylogenetic ree, was now assigned to genotype 1a

Table 1. Unging of hepatdiz & virus strama

Geagraphic

Getotype Numg location Accession ho.

la HTr LISA ARG

| I [apan D10749

[T IK] |apan AL

| HDI sermany LIEET Y

1lx KIRZ [ETEET D5 re

2 I& lndonesia D4

2 18 Lo nesia ess

la MZLI Japan TH?76Y

Ja Kz lapan Dxaen?

3 V.D Gemimany X918

4a Eia3 Egypt Y160

S ELH 114 Yii184

fiz bk Hong Keng Y2083

1 FEE Peru AJSE2 126, AJSHII IS,
Al532131

I FESG Feru Af3IAGEE, AJ582129,
AlS3LI

1 PEIME Poru AT4IBRGEIR, A]ZHZ1 M
AJSAIIAS

1 PE22 Peru AJSB2127, A]SA2131,
AlISEIIM

in the NS3B phylogenetic analysis (Fig 1B, top). This
disceepancy hetween the results found with the 5'UTR
plus core sequences and the NS5D sequences, supported
by very high bomsirap values in bath trees (Fig. 1A and B),
colld be explamed if a recambination event had raken place
between pukative parental strains comparable with H77
(subtype 140 and [K1 (sultype 11,

Racombination analysis

To gain skt a1t a poszible 1ecombination event, a phyla-
geretic profile analvas was catricd out for the Peruvian
strait PE22 and the putative parenlal-like strains H?7
{subtype la; and JE1 (subrrpe Ib1. The results of these
studies we <bown in Fg. 20 As can be seen in the hgure,
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Fig. 1. Phylogenahe: analyss of HCY alrems solated in e,
Sirans o the trees ara shown by ther names and thaw bypses
are mndicated i parentheses for gtmans previgusly descnbed
(zee Tabbe 1 for geographcal ocabon, fpes and acceszon
numberz). Mumbers al 2ach node of the trees show booistap
perentages gbtuned afler 1000 rephcates. Scale e {number
of substilubons per sle) are shown al tha botlom ol (ha
rees. (A} 5'UTR plus core region phylogeny. (B) NSEEB
reqian phylopeny.
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Flg. 2. Phylogenetic peofiles of HCY =sequences. The y-axis gives Ihe percemage identily within a sliding window 200 bp
widha centred on the posilion plotted, wilh & step size between plols of 10 by, long the concatenaled (5'UTR plus sore plus
NS50) sequences. Companaon of PEZE wih HF? {subtype ta) and JK1 (sublype 1hY i shown. The vertical ina shows the

recembinalion point {nt 877),

profile analysis of the putative paremal-like (H77, JK1) and
recambinant {PE22) strains showed a cleary visible poinr of
recombination at position 677 of the analysed sequences,
which corresponds to position 58 of the N33B sequences
included in this study {(see Fig. 3}. This position corresponds
o position 8321 in the HCV genome of 1he putative parental
strain H77,

To confirm these results, we employed the LARD method
(Holmes er al, 1999). Simulations of sequence evolution
under the null hypothesis (i, no recombination} eave

strong stanistical support for the alternative hypoihesis of
recombination (Fig 4; P<0-001).

PISCUSSION

Congruent results from genorvping HCY with different
genomic regions have been repeatedly reported in the past
and it has commonly been helieved that recombination
events are selecied against or that they penerally do nol
geverale vialde strains (Prescotl e af., 1997 Simmonds

PE22 CCCGCTECTT TGAC TOCACGGTCACTGAGAATGATATCCGTG T TGAGGAGTCAATTTA
JEL{lb) == Tmr——mmm = A== ———— - Gmmmmmmmm e e e
H77{la}] = ==-m--- Tmmmmnmmmmn- D GC—-Cmm = ACG-- === ~ff=m ==
PEZ2 CCARTETTGTGACCTGEACCCCCARGCCCGLETHGOCATCARGTCCC TCAL THAGRGG
- B L G=3- A~ ACA~=T===A=G===G== == —G==———=
HTT(1a) ==mmem—me oo e e e e e

Fig. 3. Alignment of the nuclectide sequances withm the NSSE region. Mignment of 1he PE22 recombinant stran sequencas
with comesponding sequences of isolates JK1 and HP7, The szequences showm in the figure sorespond g ot B2GI-8376,
mlalive io strain H77 (AFQOUEOE, typs 12). Nuckeotide identity to PE2Z s ndicaled by a dash An amow thows the

recgmbEation pant,
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™ - PEIZ:LR=344; p=.0d01

o T T T T T T T r
& 5 i 4f M= 25 M 3 40 45 R 5 Bl EBS
LBk ka2

T T T

Flg. 4, Deetrbution of the Ikelbasd ralioe especled by chance
The dednbulin of lkelhnod raboe for the null bypothese e no
recombmation) is shawn. The y-ans shows the numbar ol ssmula-
tions, Lkehhood ratios are shown &t the bottom of the figure The
amow shows tha ihehhood mbe obtaned for tha real dalasal for
the putative recombanant Penssian ghran (PE2D)

e dl, 1994; Viarpy of al, 20000, However, an imEctious
HCV chimera comprising the complete open reading frame
of a subtype 1bstrain and the 5'- and 3*UTRs of a sulttype 1a
strain has been constructed and is infecrious m e (Yagani
el al, 199%). Recombiriation im other flaviviroses has now
been demonstrated on a number of occasions (Becher ¢f af.,
ZM1; Worcbey & Holmes, 2001; Warobey e al, 199%:
Twiddy & Holmes, 2003}, and recemly a natural inker-
genotypic recombinant {2k/1b) of HCV was identilied in St
Petersburg {Russia} { Kalinina er af, 2002}, Our phylogenctic
analyses based on two different genomic regions, 5 UTR-
core and M558, demonstrate the coxisience of natoral
intragenotypic HCV recombinant strains {1af1b) circulat-
ing it the Peruvian population. The recombination break-
point for non-segmented positive-strand RNA viruses, such
as polioviruses and other picornavirnses {Santti ¢ &, 1959;
Guillat & al., 2000; Kew ef al, 2002), 3z well a5 members
of the family Fleviviridne, are often located in the part of
the genome encoding the noea-structural protems but
sometimes in genes encoding structuraf proteins (Costa-
Mattioli ef af, 2003: Martin & af., 2002} Moreover, several
possible recombination breakpnints have been identified in
other RMA viruses, such as horan immunodeficiency virus
{BIV}, and many more are being reported (Caafuwa er al,
2003; Vidal et al, 2003; Strimmer et al, 2003; Najera et al.,
2002). The recombination poink in our recombinant strain
was situated in the H35B region (sec Figs 2 and 3h In the
current HCV classification system, HCV straing are divided
into genotypes, subtypes and quasispecies, but recombina-
tion has not yet been considered in this classificarion, By
analogy with the nomenclature for HIV, we suggest that
an HCV recombinant steain be desivnated a “recombinant
form’” {RF), as also suggested by Kalinina of o, {2002}, RF
strains with the same number are progeny resulting from the
same recombinahon event and Lhus share an identical
mosaic structars; for example, the intertypic racombinants

among subtypes 2k and 10 observed by Kalinina et ol
(20021 were desenibed as RFI_ZKbE Accordingly, we
suggest the designation RF2_1471b for the Peruvian strain
PE22 described heigin.
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