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Table 1. HCV RNA testing by Roche COBAS AmpliPrep/COBAS TaqMan HCV assay
(CAP/CTM) and Abbott RealTime HCV (ART) in 243 sera undetectable HCV RNA
using Roche COBAS Amplicor HCV Monitor test, v.2.0.

CAP/CTM
undetectable

ART
190
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Table 2. PPV and NPV for SVR, using undetectable HCV RNA at weeks 4, 8, 12, 16, 20,
24 by Roche COBAS Amplicor HCV Monitor test, v.2.0 (CAM), Abbott RealTime
HCV (ART) and Roche COBAS AmpliPrep/COBAS TagMan HCV assay
(CAP/CTM) .

CAM ART

week PPV NPV PPV NPV _

4 5/6000%  34/55618%)  44100%)  34/5608007% 3100%) o 3457 (59.6%
8 1617(94.1%) 3343 (76.7%)  13/13 (100% BUI0%)  34/47 (72.3%9)

"'-

26/37 (70.3%)  23/23 (100%¥ #29(78. : l (93.5%)  23/28(82.1%)  29/32 (90.6%)

26/42 (61.9%)  1SABLI00% haaBiD (78.1%) §,27/28 (96.4%)  24/33(127%)  25/27 (92.6%)

W0%) 2020 (100%)  26/36 (72.2%)  24/24 (1
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Legends to the Figures

Fig. 1  Proportion of HCV RNA negative by Roche COBAS Amplicor HCV Monitor

test, v.2.0 (CAM), Abbott RealTime HCV (ART) and Roche COBASH

AmpliPrep/COBAS TaqMan HCV assay (CAP/CTM) at each period after

of treatment..

patients very low levels of HCV RNA
quantification) were detectable by Abbott RealTime

CV Monitor test, v.2.0 (CAM) represents positive (+) or negative (-). Positive results
of HCV RNA below the limit of quantification represent <1.08 log IU/mL by ART and
<1.2 log IU/mL by CAP/CTM. In Case 1, HCV RNA was detectable at the end of
therapy by CAP/CTM and at week 12 after the end of therapy by ART, but undetectable
afterward. In Case 2, HCV RNA was detectable at the end of therapy by CAP/CTM,
and in Case 3, was detectable by ART, but undetectable afterward.
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Detection of hepatitis C virus natural recombinant
RF1_2k/1b strain among intravenous drug users

in Uzbekistan
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Aim: A series of recent studles have indicated the presence
of natural | recombinant hepatitis C virus (HCV)
strains In distinct parts of the world. The majority of the
current genotyping methods are based on analysis of either
5'UTR, structural (Core/E1/E2) or nonstructural (NS5B)
genomic regions of the virus.

Methods: In the present study, based on both structural and
non-structural regions, we determined the genotype ol 55
anti-HCV-positive intravenous drug users (IDUs) in Uzbekistan.
Results: HCV-3a (67.3%) was the most prevalent genotype in
this cohort, followed by HCV-1b (27.3%). A discrepancy in
resulis was observed between structural and non-structural
regions in one case (1.8%), Phylogenetically this strain was
related to the previously reported RF1_2k/1bvariant. Based on
accumulated sequences, specific primers were designed for

polymerase chain reaction (PCR) spanning the tentative inter-
genotypic crossover point of RF1_2k/1b. The sensitivity and
specificity of the method were assessed using generated tem-
plate clones of HCV-1b, 2a, 2k and RF1_2k/1b. The method was
applied to 55 cases in the present study and only one case
showed a positive result, indicating that in these individuals,
the variant is not present as a minor quasispecies clone.
Conclusion: In conclusion, the finding of RF1_2K/1b in
Central Asia indicates that the variant has wide geographic
distribution. The PCR-based screening method developed in
this study should be useful in further epidemiological and
clinical studies on the recombination ph in HCV

Key words: 2k/ 1b, HCV genotyping, HCV, natural
recombination

INTRODUCTION

ASED ON NUCLEOTIDE sequence heterogeneity in
the genome and phylogenetic relationship, hepati-
tis C virus (HCV) has been classified into six genotypes
(1 10 6) and numerous subtypes (1a, 1b, ctc)."? The
genotypes are strongly associated with responses to anti-
viral therapy, thus making genotyping important in the
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determination of dose and duration of the therapy
(reviewed in'). Characterization of genotypes and
subtypes is also imporiant for vaccine development
and epidemiological investigations.! A series of recent
studies in distinct parts of the world have indicated the
presence of natural intergenotypic hybrid strains, having
genotype 2 sequence in the structural, and genotype 1,**
5,7 or 6 in the non-structural half of the genome. Since
the majority of the genotyping studies performed 1o
date have been based on analysis of either the structural
or the non-structural parts of the HCV genome, there is
a substantial possibility that the prevalence of natural
recombinant HCV variants is underestimated. More-
over, a recent study on chimpanzees with different
genotypes/subtypes of HCV indicated thai the intersub-
typic recombinant clones were present in two animals as
a minor clone of quasispecies population.” which may
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also result in underestimation of the natural recombi-
nant strains if they present as a minor clone population
in infected carriers.

Frequent HCV superinfection has been previously
reported in intravenous drug users (IDUs), both intra-
and inter-genotype.'*'" which increases the possibility
of the detection of recombinant strains in this category
of the population.

In the present study we aimed to investigate the pos-
sibility of circulation of the intergenotypic recombinant
strains among IDUs in Uzbekistan. Furthermore, we
developed and evaluated an easy, sensitive and specific
method allowing the detection of the recombinam
RF1_2k/1b strain even when it is present in a minority
among populations of quasispecies in a specimen.

METHODS

Studied population

HE ANTI-HCV-POSITIVE SERUM samples were col-

lected in 2006, in the State Reference Laboratory of
the Ministry of Public Health, Tashkeni City, Uizbekistan.
The sera were obtained from IDUs who were undergoing
hosplialization at the National Narcological Clinic of
Public Health, Tashkent City, Uzbekistan, during 2005
and 2006. The material collection was approved by
the Institutional Ethics Commiuee and was conducted
according to the Declaration of Helsinlkd. Risk factors for
HCV infection were assessed during interview with each
participant Serum specimens were obtained only from
patients who had no history of antiviral reatment.
Finally, a total of 55 HCV-RNA-positive 1DUs were
enrolled in this study. The mean age in this cohort was
31.8 years (standard deviation * 6.7, range 18-49); 48
subjects were male; the male/female ratio was 6.9.

Serological and molecular confirmation of
the HCV infection

The presence of anti-HCV was determined on LUMI-
PULSE automated Chemiluminescence Enzyme Immu-
noassay system (Fujirebio, Tokyo, Japan) using the kit
produced by Ortho Clinical Diagnostics, Tokyo, lapan.
Total RNA was extracted from 200 pl of anti-HCV-
positive sera using the SepaGene RV-R kit (Sanko
Junyaku, Tokyo, Japan) and reversely transcribed into
complementary DNA (cDNA) using SuperScript |1
RNase H- transcriptase (Invitrogen, Carlsbad, CA, USA)
and random hexamer primer (Takara Shuzo, Shiga.
Japan) in total reaction volume of 20 uL. Two microli-
ters of the obtained cDNA were used as a template in

© 2007 The Japan Society of Hepatology
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50 pul. reaction volume for polymerase chain reaction
(PCR)-amplification of the HCV 5'UTR by previously
described primers KK30 (nucleotides |nt.| 58-77) and
KM3 (nt. 313-294)." The threshold of the method was
as low as 100 copies per milliliter; therefore the primers
were used to define HCV-RNA-positive cases.

HCV genotyping

The HCV genotype in each case was determined in both
structural (Core/E1) and non-structural (NS5B) viral
genes using the comesponding genotyping PCR, as
described previously.™'* Cases showing an unexpecaed
size of PCR bands were further subjecied 10 PCR and
direct sequencing using the genotype-universal primers
targeting Core/E1 and NS5B regions.*

Phylogenetic analyses

The PCR products were directly sequenced using Prism
Big Dye ready reaction kit (Applied Biosystems, Foster
City, CA, USA) on the ABI 3100 DNA automated
sequencer.

The phylogenetic relationship of the strains
sequenced in this study, as well as those reported pre-
viously, were investigated by the neighbor-joining
method using tools available online from HCV data-
bases (hup://s2as02.genes.nigac.jp/).'* Genetic dis-
tances were corrected by the Tamura-Nei method, and
the bootstrap test was performed on 1000 resamplings.

Primers for HCV type RF1_2k/1b-specific
detection

New primers were designed to amplify a part of the HCV
genome between nt. 2986 and 3270, spanning the ten-
tative intergenotypic crossover point in the RF1_2k/1b
strains.* The selection of appropriate primer sites was
accomplished manually using alignments of the
sequences previously published in the DDBJ/GenBank,
including five strains of the recombinant RF1_2k/lb
type (accession numbers AY070170-AY070172,
AY070214 and AY070215),*"" and selected reference
sequences of other HCV genotypes.**

The sequences of the primers used in this study are
shown in Table 1. Amplification using the primers was
optimal for our samples under the following PCR con-
ditions: to1al reaction volume 25 pL, including 2.5 pL of
10 % PCR buffer (Roche, Indianapolis, IN, USA) con-
taining 15 mM MgCl;, 2.0 puL of dNTPs (2 mM each),
1.0 pl. of forward and 1.0 pl. of reverse primer, 2 units
of Taq polymerase (Ampli-Taq Gold; Roche) and 1.0 pL.
of cDNA. Thermal cycle conditions were as follows: hot
start at 96°C with 7 min hold followed by 40 2-siep
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Table 1 Oligo-nucleotide primers for PCR

Screening for RF1_2k/1b 459

Primer 1D Direction 5°-3' sequence and nucleotide positiont Target genotype
NS2_uni_2415f Forward 2415 CIC CAC CAA AAC ATC GTG GA 2434 1&2
NS2_2ak_2948f% Forward 2948 CCG YGA YGG CAT CAT ATC GG 2968 2(2a & 2k)
NS2_2ak_2994f% Forward 2994 GIG TIT GAC ATA ACC AAG TGG 3014 2 (2a & 2k)
NS2_1b_3100f Forward 3100 CTG CAT GCA TGT TGG TCGC GGA 3120 1 (1b)
NS2_1b_3295r% Reverse 3295 G1G AIG ATC TTG GIC TCC ATG TCR GA 3270 1 (1b)
NS2_1b_3377r Reverse 3377 CAC AAG TAT CTC CCT CCC CCT 3357 1(1b)
NS§2_2ak 3417r Reverse 3417 AGT TTC CAC COC TTG GAA GT 3398 2 (22 & 2k)

1 Relative 1o the reference strain H77 (NC_004102),

+The primers used in hemi-nested screening polymerase chain reaction (PCR) are emboldened.

cvcles at 95°C for 1 min and 60°C for 1 min, with
ramp speed at approximately 1°C per sec. The second
PCR products were visualized by electrophoresis in 3%
agarose gel with ethidium bromide staining. The
approximate size of the target product is 347 bp afier
the first PCR round (with outer sense primer) and
300 bp after the second “hemi-nested” (with inner sense
primer) (Fig. 3a).

Preparation of the “competitive” PCR
templates

To evaluate the specificity and sensitivity of the saeen-
ing primers, the following three clones were generated
from the stored environmental serum samples collected
at the Department of Molecular Informative Medicine of
Nagoya City Univensity: Cln_1b (Japan), Cln_2a
(Japan), Cin_2k (Alwi, Russia). Obtained cDNA was
amplified using the relevant set of primers:
NS2_uni_2415s along with NS2_1b_3377as or
NS2_2ak_3417as (Table 1), then direatly inserted into a
plasmid vector (pCR2.1-TOPO; Invitrogen) and cloned
in E. coli (DH 5 alpha; Toyobo, Osaka, Japan). The
resulting colonies were further transferred from 1B agar
type medium into LB medium and cultivated for 16 h.
‘The obtained clones were purified using QIAprep kits
(Qiagen, Valencia, CA, L1SA) and quantified by measur-
ing optical density and molecular purity on Beckman
spectrophotometer (Beckman Instruments, Fullerton,
CA, USA). Based on the obtained values, aliquots were
prepared using serial dilution.

Statistical analyses

Statistical differences were evaluated by Fisher's exact
probability test and x*-test with Yates’ correction, where
appropriate, using the STATA sofiware vemsion 8.0

(StataCorp LP, College Station, TX, LISA). Differences
were considered significant for P-values less than 0.05.

RESULTS
HCV genotypes

HE PREVALENCE OF HCV genotypes in the studied

cohort was determined in both Core and NS5B
regions. The results are summarized in Table 2. The
most prevalent genotype was HCV-3a, determined in
37/55 (67.3%) cases. All of these had concurring
genotyping result in both Core and NS5B regions. The
second most common genotype was HCV-1b, deter-
mined in 15/55 (27.3%) cases in the Core and 16/55
(29.1%) cases in the NS5B, revealing a 1/55 (1.8%)
untypable case by Core-genotyping-PCR. The third
genotype found in this cohort was HCV-2a, detected in
2/55 (3.6%) cases showing mutual agreement of results
between the Core and NS5B PCR. One case (identified
in this study as “UZ-ID1I19") showing an undetermined
result with Core-PCR was subjected for El region
sequencing. Additionally, 38 cases were also subjected

Table 2 HCV genotypes determined in Core/E1 and NS5B
coding region

Core" NSSB™ Total

b 2a 3a
1b 15 15 (27.3)
2a 2 2 (3.6)
3a 37 37 (67.3)
ND 1 1(1.8)
Total  16(291) 2(36) 37(67.3) 55 (100)

HGV, hepatitis C virus; ND, not determined.

® 2007 The Japan Society of Hepatology
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(a)
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for E1 amplification and direct sequencing with the aim
of confirming genotyping resulis. The phylogenetic rela-
tionship of the strains sequenced in this study and those
reporied previously is depicted in Figure 1a. Interest-
ingly, specimen UZ-IDU19 was clusiered phylogeneti-
cally together with the HCV-2k** and RF1_2k/1b strains
from Russia.' Of the remaining 38 strains, 25 were clus-
tered with HCV-3a references, 12 with HCV-1b and
one with HCV-2a, thus indicating agreement with the
results that had been obtained by Core and NS5B
PCR-genotyping (Table 2). Furthermore, 14 specimens
including the UZ-IDU19 and 13 other cases in which
genotypes 3a (n=9) or 1b (n=4) were detennined by
all Core-PCR, NS5B-PCR (Table 2) and E1 phylogenetic

© 2007 The Japan Society of Hepatology

Figure 1 Phylogenetic relation of the
hepatitis C virus strains. NJ tree con-
structed on the basis of 438 nudeic
acids sequence of the Core/El coding
region (nt. 861-1298) (a) and 286 nt.
of the NS5B coding region (nt 8283-
8568) (b). Distances were estimated on
the basis of synonymous substitutions
under a modified Nei-Gojobori model.
Bootstrap re-sampling indices exceed-
ing 70% are indicated near to the roots
of the comesponding cluster. Strains
isolated in this study are indicated in
bold italic font. Framed is the strain
(UZ-1DU19) which was untypable by
core genotyping.

analysis (Fig. 1a), were subjected to sequencing and
phylogenetic analysis in the NS5RB region. The resultant
tree (Fig. 1b) indicates clustering of the UZ-IDU19 strain
with 1b reference strains along with the four strains
obtained in 1his cohort. The remaining nine strains were
clustered with HCV-3a reference sequences, confirming
the results obumined by the genotyping methods out-
lined above.

The collective result of the genotyping revealed that
one case in this cohort (1/Z-IDU19) had phylogenetic
evidence of the intergenotypic recombination previously
reported as RF1_2k/1b. To confirm this, the UZ-IDU19
case was subjected to direct sequencing using primers
spanning the intergenotypic crossover point previously
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(b}
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Figure 1 Continued il
reported within the NS2 coding region (nl. ~3175). The
resulting nucleotide sequence was aligned with those of
RF1_2k/1b and references of HCV-2 k and HCV-1b pre-
viously reported, and the crossover point has been con-
firmed within the same nucleotide positions (Fig. 2).

Clinical and epidemiological characteristics
of the RF1_2k/1b-infected carrier

As was defined by retrospective epidemiological investi-
gation, the carrier of the recombinant HCV variant

strain (specimen # UZ-IDU19) was a 32-year-old male
Caucasian who had no cinical symptoms of active
hepatitis (total bilirubin, alanine aminotransferase and
aspartate aminotransferase were all within the normal
range). The carrier reported neither a history of blood
transfusion, nor travel 1o Russia or other countries
(except Kazakhstan), nor any contact with subjects from
foreign countries. The carrier has been registered at
Republic Narcological Center since 2001, and had a
reported history of intravenous drug use since 1994. No
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Figure 2 Alignment of 255 nucleic adds sequences of the NS2 coding region (m 3015-3269) of the hepatitis C virus (HCV)
strains. The RF1_2k/1b strain determined in this study is indicated in bold italic font. Previously published HCV reference
sequences identified by previously established genotype and accession number (in parentheses). The fentative crossover point is
indicated by an arrow and the comesponding codon is shaded in gray.

records prior to this are available for serological inves- in Table 1. To evaluate the specificity and sensitivity of

tigation of the subject. the method we used different concentrations of the

targer PCR templates. The established detection limit
Sensitivity and specificity of the RF1_2k/ of the method was 10 copies per assay. As shown in
1b-specific primers Figure 3b, specific amplification was successful even

To examine the hypothesis that the recombinant strain~ when the RF1_2k/1b clone was present in a tesied
may be present in HCV-infected subjects carrying non-  sample along with the HCV-1b clone in a concentra-
recombinant HCV genotypes (i.e. those with deter-  tion ratio 10-10" copies per assay, respectively.
mined HCV-1b, 2a and 3a genotypes in this study), we  This was confirmed with clones of genotypes 3a, 2a
designed a specific PCR amplification strategy, which is ~ and 2k used as a competitive control template (not
graphically depicted in Figure 3a and primers included shown).

{a) Break point
na 3175
JUcTe1]eanst[ns2 | ns3 NS4 NS5 i

1

b
HCVtb 0 0 0 0 0 10° 10510% eopuwmay
HevakD 10 108105 © 0 10 10 0

Cde oo ey

Figure 3 An outline of the amplification strategy of the polymerase chain reaction (PCR)-based detection method for the hepatitis
C virus (HCV) type RF1_2k/1b strain (a), sensitivity and specificity of the method (b). (a) HCV genomic region corresponding to
nt. 2948-3295 is targeted by the designed primers. A part of the amplicon corresponding 1o HCV-2 k sequence (in RF1_2k/1b
strain) and 2k-specific primers (outer and inner sense) are depicted in gray; a part corresponding to the HCV-1b sequence and
Ib-specific antisense are depicted in black. (b) Agarose gel picture showing specific bands obtained after the amplification of
RF1_2k/1b iemplate alone, or mixed with non-recombinant strain in different concentrations.
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This amplification strategy was applied 1o 55 cases
in the present study and only one case (UZ-IDU19)
showed a positive result, indicating that the variant is
not present as a minor clone of quasispecies population
among these individuals.

DISCUSSION

HE RESULTS OF this study indicate the circulation

of the RF1_2k/1b natural recombinant strain among
1DUs in Uzbekistan (one of the former Soviet Union
countries located in Central Asia). This genetic variant of
HCV was previously reported only in European parts of
Russia® and in Russian immigrants to Ircland® and Esto-
nia."* The detection of the strain within the relatively
small cohort of Uzbek 1DUs in the present study may
indicate a substantial possibility that its actual preva-
lence is underestimated. Because linle is known about
the epidemiological and clinical impact of the natural
HCV recombinants, further studies are required on
RF1_2k/1b. The PCR-based strategy designed in this
study allows specific and sensitive detection of the
RF1_2k/1b strain and could be used in further large-
scale screenings of an HCV infected population.

To date, only three other reports on the complete or
nearly complete HCV genome analysis have described
natural intergenotypic recombinant strains.*** Interest-
ingly, all of these reports concur with the initial report*
in respect to the following observations: (i) the interge-
notypic breakpoint is located between the structural and
non-structural genomic pans of the HCV, within the
NS2 coding region near to the NS2/NS3 junction (nt
3175-3455); and (ii) all of the chimeric variants had
genotype 2 sequences (subtype 2b, 2i and 2K) in the
structural part of the genome.

The HCV genotype distribution in this swdy was
similar to previous reports, suggesting that genotype 3a
is frequent among IDUs in Uzbekistan™ and Russia,™
with genotype 1b being the second most common.
Interestingly, no evidence of recombination between
the prevalent HCV genotypes (ie. 3a and 1b) was
observed in this cohort. Furthermore, genotype 2 in this
sudy was found 10 be in the minority, and none of the
strains was phylogenetically related to HCV-2k. ‘These
observations may suggest that, unlike hepatitis B virus,
recombination in HCV may not be associated with the
cocirculation of genotypes in a population. This hypoth-
esis concurs with previous repons that have demon-
strated rare dual genotype coinfection among HCV
infected individuals,®= One of the possible explana-
tions could be the superinfection exclusion phenom-

Screening for RF1_2k/1b 463

enon, depriving the viral strain of its translational
and/or replication ability inside a cell that is primarily
infected by another homologous virus. This was recently
proven for HCV by delicate in vitro suudies using geno-
types 1a, 1b and 22 Collectively, these studies may
indicate the possibility that minor [HCV varianis such as
2b, 2k, 2e and 2i may possess the unique ability 10
overcome the superinfection exclusion. Further experi-
mental swdies are required to confirm this hypothesis.

In conclusion, this study demonstrated that the first of
the reported natural HCV recombinanis, RF1_2k/1b, is
widely scattered and not associated with cocirculation of
the predominant genotypes. The specific PCR-based
detection method developed in this study could prove
useful in further investigations of the epidemiological
and clinical impact of the recombination in HCV.
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