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Figure 1. Maximum likelihood phylogenetic trees. (a) Unrooted phylogenetic tree of the coding 
region (positions 342 to 9336), nucleotide substitution model GTR + I + G (proportion of invariable 
sites: 0.301, gamma shape parameter: 0.841); (b) genotype 2 subtree of the Core region (positions 

342 to 914), nucleotide substitution model GTR + I + G (proportion of invariable sites: 0.436, 
gamma shape parameter: 0.671); (c) genotype 2 subtree of the E1 region (positions 927 to 1262), 
nucleotide substitution model GTR + I + G (proportion of invariable sites: 0.436, gamma shape 

parameter: 0.671); (d) genotype 2 subtree of the NS5B region (positions 8283 to 8591), nucleotide 
substitution model GTR + I + G (proportion of invariable sites: 0.279, gamma shape parameter: 
0.833). Positions are given according to the H77 reference sequence. Sequences are identified by 
genotype, subtype and GenBank accession number. Sequences that have not been assigned to any 

subtype are denoted as “2_”. Sequences newly described in this study are underlined. Nodes 

supported by a bootstrap support value >70% are indicated. The scale bar represents number of 
substitutions per nucleotide position.  
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ABSTRACT 

The hepatitis C virus (HCV) has been classified into 6 genotypes and more than 70 

subtypes with distinct geographical and epidemiological distributions. While 18 

genotype 2 subtypes have been proposed, only five have had their complete sequence 

determined. The aim of this study was to characterize HCV isolates from three patients 

from the Barcelona metropolitan area of Spain for whom commercial genotyping 

methods provided discordant results. Full-length genome sequencing was carried out for 

two of the three patients; for the third patient only partial NS5B sequences could be 

obtained. The generated sequences were subjected to phylogenetic, recombination and 

identity analyses. Sequences covering most of the HCV genome (9398 and 9566 nt in 

length) were obtained and showed a 90.3% identity to each other at the nucleotide level, 

while both sequences differed by 17.5-22.6% from the other fully sequenced genotype 2 

subtypes. No evidence of recombination was found. The NS5B phylogenetic tree 

showed that sequences from the three patients cluster together with the only 

representative sequence of the provisionally designed 2q subtype, which also 

corresponds to a patient from Barcelona. Phylogenetic analysis of the full coding 

sequence showed that subtype 2q was more closely related to subtype 2k. The results 

obtained in this study suggest that subtype 2q now meets the requirements for 

confirmed designation status according to consensus criteria for HCV classification and 

nomenclature, and its epidemiological value is ensured as it has spread among several 

patients in the Barcelona metropolitan area. 

 

KEY WORDS: HCV, genotype 2, subtype 2q, complete genome 
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INTRODUCTION 

Hepatitis C virus (HCV) is estimated to infect 3% (170 million people) of the world’s 

population, and is the most important cause of chronic liver disease and liver 

transplantation [World Health Organization 2010]. HCV is an enveloped virus 

belonging to the Hepacivirus genus within the Flaviviridae family. Its genome is a 

positive-sense single-stranded RNA of approximately 9.6 Kb. The HCV genome is 

flanked by noncoding (NC) regions, and includes a single open reading-frame encoding 

for both structural and nonstructural (NS) proteins [Choo et al. 1991]. HCV is 

characterized by a high level of genetic variability, which has allowed to classify the 

virus into 6 major genotypes (differing from each other by 31-33% at the nucleotide 

level), and a number of subtypes within each genotype (differing from each other by 20-

25% at the nucleotide level) [Kuiken and Simmonds 2009]. On the basis of a single 

genomic sequence from a Canadian emigrant from the Democratic Republic of Congo, 

genotype 7a has been assigned provisionally [Murphy 2007]. Different genotypes show 

specific geographical locations, whilst certain subtypes (1a, 1b, 2a and 3a) have become 

widely distributed as a result of transmission through intravenous drug use, blood 

products, and health-care-related procedures [Kuiken and Simmonds 2009]. 

HCV genotype is a major predictor of a sustained virological response to 

antiviral therapy (pegylated alpha-interferon plus ribavirin); HCV genotyping is 

required to tailor dose and duration of treatment [Ghany et al. 2009]. The target of 

choice for commercialized molecular diagnostics and most genotyping assays is the 

5’NC region, which is highly conserved. However, subtype identification based on this 

region is not always reliable. Although subtyping is not clinically relevant in the context 

of the current therapy, accurate subtype identification is useful for understanding the 

epidemiology and virological features of HCV. Besides, it might be clinically important 
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in the coming era of specifically targeted antiviral therapy for HCV, since subtype-

specific resistance profiles have been described for subtypes 1a and 1b both in infected 

patients [Kieffer et al. 2007, Sarrazin et al. 2007] and in vitro [McCown et al. 2009]. 

Consensus criteria have been established for HCV classification and nomenclature, and 

confirmed designation status of new subtypes with epidemiological value requires 

rigorous phylogenetic analysis of one or more complete genome sequences of the 

candidate subtype with no epidemiological connection [Kuiken and Simmonds 2009]. 

Eighteen subtypes within genotype 2 have been assigned so far (2a to 2r), but only four 

have been confirmed (2a, 2b, 2c, and 2k) and a fifth one proposed (2i) on the basis of 

their complete genome sequences.  

In a previous study comparing three commercial kits for HCV-genotyping based 

on the 5’NC region [Martró et al. 2008], three specimens that showed discordant results 

were subjected to NS5B sequencing. Upon phylogenetic analysis, they did not cluster 

with any of the previously confirmed genotype 2 subtypes, but formed a monophyletic 

group with the only representative sequence of the provisionally assigned 2q subtype 

[Tokita et al. 1998]. This study reports the HCV genomic sequence for two of those 

isolates and a partial NS5B sequence for the third one, and suggests changing the status 

of subtype 2q from proposed to confirmed designation.  

 

METHODS 

Patients and specimens. Three patients with a discordant genotyping result based on the 

5’NC region were selected retrospectively from a previous study [Martró et al. 2008]. 

Isolates from patients 963 and 852 were genotyped as 2a/2c by reverse hybridization 

(Inno-LiPA HCV II Assay, Innogenetics, Gent, Belgium) and were indeterminate by 

real-time PCR (HCV genotyping analyte specific reagent [ASR] assay; Abbott 
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Molecular Inc., Des Plaines, IL), while isolate 985 was genotyped as 2a/2c by reverse 

hybridization, 2c by sequencing (TruGene HCV 5’NC genotyping kit, Bayer 

HealthCare, Berkeley, CA), and 2a by the real-time PCR assay. Only by means of 

NS5B sequencing and phylogenetic analysis evidence could be obtained showing that 

the three isolates belonged probably to the previously proposed subtype 2q. 

The clinical and epidemiological characteristics of the three patients are summarized in 

Table I. Sera obtained at the date of HCV diagnosis had been conserved at -80ºC. 

Patient 985 had insufficient serum volume and only HCV isolates from patients 963 and 

852 could be subjected to full-length genome sequencing. 

This study was approved by the Clinical Research Ethics Committee (“Comité Ético de 

Investigación Clínica”, CEIC) at Hospital Universitari Germans Trias i Pujol 

(HUGTIP). 

RNA extraction, RT-PCR and sequencing. HCV RNA was extracted from 200 µl of 

serum using the High Pure Viral RNA Kit (Roche) or QIAamp® viral RNA Mini kit 

(QIAGEN®) following the manufacturer’s protocol. Reverse transcription (RT) was 

performed with 10 µl of extracted RNA in a total reaction volume of 20 µl containing 4 

µl of 5× First-Strand buffer, 5 mM DTT, 200 U of SuperScript® III Reverse 

Transcriptase (Invitrogen), 40 U of rRNasin® Ribonuclease Inhibitor (Promega), 0.5 

mM of each dNTP, and either 0.75 µg of random hexadeoxynucleotides (Amersham-

Pharmacia Biotech) or 0.5 µM of antigenomic primer. The mix containing dNTP, 

random hexadeoxynucleotides or primer, and the RNA was incubated at 65ºC for 5 min. 

Once the rest of components were added, the reaction was incubated at 50ºC for 60 min 

(for random hexadeoxynucleotides) or 55ºC for 60 min (for primer), followed by 15 min 

at 70ºC. 
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Table I in supplementary material lists the primers used to obtain overlapping RT-PCR 

products covering most of the viral genome. Primer design was initially based on 

primers used in the sequencing of the 2i/6p recombinant (GenBank accession number 

DQ155560) [Noppornpanth et al. 2006]. First round and hemi-nested PCR 

amplifications were carried out in a final reaction volume of 50 µl containing either 5 µl 

of the RT product (in the case of first round PCR) or 1 µl of the first round PCR product 

(in the case of hemi-nested PCR), 5 µl of 10× PCR buffer with 15 mM MgCl2), 200 µM 

of each dNTP, 400 nM each of both genomic sense and antigenomic sense primers, and 

1 U of TaKaRa Taq™ (Takara Bio Europe SAS). Amplification was performed on 2700 

or 9700 GeneAmp® PCR systems (Applied Biosystems) under the following conditions: 

94°C for 2 min; 5 cycles, 94°C for 30 s, 50–65°C (depending on the primers used) for 

30 s, 72°C for 3 min; 35 cycles, 94°C for 30 s, 52°C for 30 s and 72°C for 3 min; 72°C 

for 10 min. For the 3’NC region, the following conditions were used: 94°C for 2 min; 5 

cycles, 94°C for 30 s, 55°C for 1 min, 72°C for 2 min; 35 cycles, 94°C for 30 s, 52°C 

for 1 min, 72°C for 2 min; 72°C for 10 min. Amplified products were checked by 

electrophoresis on 1.8% agarose gels stained with ethidium bromide, and purified with 

either High Pure PCR Products Purification Kit (Roche) or QIAquick PCR purification 

kit (QIAGEN®).  

Direct sequencing of PCR products was performed for both strands using the 

BigDyeTM Terminator v3.1 Ready Reaction Cycle Sequencing Kit on ABI Prism 3730 

or 3100-Avant Genetic Analyzers (Applied Biosystems) and the primers listed in Table 

II in supplementary material. The obtained chromatogram files were assembled, 

verified, and edited using the Staden Package [Staden et al. 2000].  

Page 7 of 22

John Wiley & Sons

Journal of Medical Virology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

The obtained sequences were deposited in the EMBL Nucleotide Sequence Database 

with accession numbers FN666428 (patient 963), FN666429 (patient 852), and 

FN666430 (patient 985). 

Phylogenetic reconstructions and identity analysis. The nucleotide sequences 

corresponding to the complete polyprotein from patients 963 and 852 were aligned with 

27 homologous sequences representative of the main HCV genotypes and subtypes (see 

GenBank accession numbers, genotypes and subtypes in Figure 1) with ClustalW 

[Thompson et al. 1994] implemented in MEGA v4.0 [Tamura et al. 2007]. Alignments 

corresponding to partial genomic regions (Core, E1 and NS5B) were also obtained. The 

alignments included the most similar sequences found in a BLAST search against HCV 

sequences, including all 2k deposited sequences and sequences for all genotype 2 

subtypes available, as well as reference sequences for the other genotypes. The 

sequence from patient 985 was also considered for the analysis of the NS5B region.  

Maximum likelihood phylogenetic trees were constructed from the corresponding 

alignments with the evolutionary model implemented in PHYML that best fitted the 

data according to jModeltest [Posada 2008]. The robustness of the tree topologies was 

assessed by bootstrap analysis implemented in PHYML [Guindon and Gascuel 2003] 

with 1000 pseudorandom resamplings of the sequences. GenBank accession numbers of 

the reference sequences used in each phylogenetic reconstruction are shown in Figure 1. 

Pairwise nucleotide identities between genotype 2 subtypes including the newly 

described 2q sequences were calculated using MEGA v4.0, using an alignment 

encompassing nucleotide positions 31 (5’NC region) to 9336 (end of the 2i sequence 

DQ155561) of the H77 reference sequence (GenBank accession number AF009606). 

Reference sequences for the following HCV subtypes were used in this analysis: 
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Subtype 2a (GenBank accession number D00944), 2b (D10988), 2c (D50409), 2k 

(AB031663) and 2i (DQ155561).  

Recombination analysis. Recombination analysis was performed using the 

recombination detection program RDP v3.44 [Martin and Rybicki 2000] with an 

alignment that included the two genomic sequences generated in this study along with 

the 27 representative complete sequences used in the phylogenetic analyses [Heath et al. 

2006]. This program implements several methods for the identification of recombinant 

sequences and recombination breakpoints. Recombination analysis was performed using 

six of them: two phylogenetic methods that detect recombination when different regions 

of the genome lead to discordant topologies (RDP, and Bootscan/Recscan [Martin et al. 

2005]), and four nucleotide substitution methods that search either for a significant 

clustering of substitutions or for a fit to an expected statistical distribution (GeneConv 

[Padidam et al. 1999], Chimaera [Posada and Crandall 2001], MaxChi [Maynard Smith 

1992], and SiScan [Gibbs et al. 2000]). Default RDP v3.44 settings were used 

throughout, except that sequences were considered to be linear. Only putative 

recombination events inferred by more than two methods were taken into account, as 

performance evaluation of these recombination detection methods indicated that the 

results of a single method are not completely reliable [Posada 2002]. 

 

RESULTS 

The HCV genomic sequences obtained were 9398 and 9566 nt in length for 

patients 852 and 963, respectively. Both sequences were partial at the 5’ end of the 

5’NC region; the first one ended 18 nt before the end of the polyprotein coding region 

(the NS5B region is partial at the 3’ end), and the later included part of the 3’NC region. 
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Figure 1a shows the unrooted ML phylogenetic tree corresponding to the 

polyprotein-encoding nucleotide sequence. For genotype 2, only the five fully 

sequenced subtypes could be included in the analysis (2a, 2b, 2c, 2i and 2k), since 

complete genome sequences are still lacking for the other 13 assigned subtypes. This 

tree shows a highly supported grouping of sequences from patients 852 and 963, which 

would constitute a highly supported clade along with subtype 2k. Similar results were 

obtained in the phylogenetic analysis of the full Core region (573 nt) in which a few 

additional subtype 2 sequences were included (Figure 1b).  

Phylogenetic analysis of partial E1 and NS5B regions provided additional 

information. The phylogenetic tree of a NS5B subregion (309 nt) included the three 

patients considered in this study (852, 963 and 985, for which only this partial NS5B 

sequence could be obtained). As shown in Figure 1d, these three sequences cluster 

together with the only representative sequence of the provisionally assigned 2q subtype 

(GenBank accession number D86529) with a high bootstrap support. Interestingly, the 

latter corresponds to isolate BA045, which was obtained in the 90’s from a patient 

residing in Barcelona, Spain, who had not travelled abroad, and had acquired HCV 

infection through transfusion (M. A. Barrera, personal communication). Sequence 

AF037240 from a patient from Burkina Faso (West Africa) and described as a putative 

new genotype 2 subtype [Jeannel et al. 1998], was the sequence related most closely to 

the 2q cluster. Similarly, the phylogenetic tree of the E1 region (336 nt) shows that the 

two 2q sequences clustered with maximum bootstrap support (Figure 1c), and non-

typable sequences EF115812 and EF115840 from patients in Quebec, Canada [Murphy 

et al. 2007], were the most closely related sequences. 

 Recombination signals were investigated by means of phylogenetic and nucleotide 

substitution methods. These analyses based on the complete genome alignment showed 
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no evidence that the two newly described 2q genomes had been involved in 

recombination events involving other genotypes or genotype 2 subtypes.  

Finally, when considering the coding region, the two subtype 2q genomes 

sequenced showed a 90% identity to each other at the nucleotide level, while both 

sequences differed by 17.5 to 22.6% from the other confirmed genotype 2 subtypes 

(Table II). The highest identity was observed between subtypes 2q and 2c (82.23%) 

while the identity between 2q and 2k was slightly lower (80.54%). However, genetic 

distances estimated by maximum likelihood (which attempt to estimate the true amount 

of change occurred between two subtypes) were 0.40 and 0.28 respectively, which 

reveals the closest relationship between 2q and 2k subtypes. When the length of the full 

coding region as well as the ten protein regions were compared between genotype 2 

subtypes, all subtype 2q protein regions were identical in length to those of subtypes 2a, 

2b and 2k (Table III). 

 

DISCUSSION  

Genetic diversity is greatest within HCV genotypes 6, 3 and 2, which contains 

more divergent sequences than other genotypes [Kuiken and Simmonds 2009]. 

Genotype 2 is highly prevalent and genetically diverse in sub-Saharan Africa and in 

Martinique [Candotti et al. 2003, Jeannel et al. 1998, Martial et al. 2004, Ruggieri et al. 

1996]. In Europe, previous studies found a prevalence of 11% in France, with a 

considerable diversity [Thomas et al. 2007], and a 3% in Spain [Echevarria et al. 2006]. 

Genotype 2 represents 4.3% of the patients treated in the Hospital Universitari Germans 

Trias i Pujol (period 2003-2009, N=493), where a variety of subtypes have been 

identified, including 2a, 2b, 2c, 2i, 2j and 2q [Martró et al. 2008].  
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New genotype 2 subtypes with limited distribution have been proposed on the 

basis of a few partial genome sequences in certain geographical regions not only in 

Africa [Jeannel et al. 1998, Ruggieri et al. 1996], but also in Europe [Thomas et al. 

2007, van Doorn et al. 1995]. Among HCV-2 subtypes, 2a, 2b, 2c and 2k are worldwide 

distributed while subtypes 2d to 2p, 2r and five other tentative subtypes [Cantaloube et 

al. 2008] have been detected in only one or a few countries. HCV 2q, which had been 

proposed previously on the basis of a single partial NS5B sequence from a patient from 

Barcelona [Tokita et al. 1998] is another example of a geographically restricted subtype. 

In this study, another three patients in the Barcelona metropolitan area were identified 

as bearing this subtype, and most of its genome has been sequenced in two of the three 

cases. Patients’ ages and clinical records agree with the hypothesis that HCV-2q could 

have been emerged in Spain as a result of blood transfusion, probably before HCV 

screening was implemented in blood banks in 1990. In fact, the most common 

transmission route among patients infected by minority genotype 2 subtypes in the close 

area of Midi-Pyrenées in France was through blood transfusion, while subtype 2a was 

transmitted via intravenous drug use [Thomas et al. 2007]. 

Three commercial genotyping assays based on the 5’NC region either failed to 

assign a genotype or to subtype correctly the three 2q isolates. Nucleotide sequencing 

and phylogenetic analysis of more variable genomic regions has been recommended for 

HCV genotyping in consensus proposals [Simmonds et al. 2005]. Accordingly, 

commercialized assays based on the Core (Versant HCV genotype 2.0 assay, Siemens 

Medical Solutions Diagnostics) or the NS5B regions (Abbott RealTime HCV Genotype 

II, Abbott Molecular Diagnostics) have been developed over the last years for a better 

discrimination of genotype 1 subtypes. However, subtype assignment for the other 

genotypes still relies on the 5’NC region and often leads to errors [Chen and Weck 
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2002, Martró et al. 2008, Tamalet et al. 2003, Zeuzem et al. 1995]. Furthermore, only 

sequencing and phylogenetic analysis of coding regions, such as NS5B or Core, 

provides the chance to identify variants not yet classified. 

A level of nucleotide differences of at least 15% is expected between subtypes 

within each genotype, including newly described variants [Kuiken and Simmonds 

2009]. Accordingly, subtype 2q shows a nucleotide difference of 17.5-22.6% from the 

other confirmed genotype 2 subtypes. Phylogenetic analysis of the coding region 

showed that, among confirmed genotype 2 subtypes, subtype 2q was most closely 

related to subtype 2k. Furthermore, in the phylogenetic analysis of the NS5B and E1 

regions, non-typable genotype 2 sequences in patients form Burkina Faso and Canada 

were identified as the most closely related sequences to subtype 2q. Several 

recombinants of different genotypes including genotype 2 have been described in 

several countries: 2k/1b [Kalinina et al. 2004], 2i/6p [Noppornpanth et al. 2006], and 

2b/1b [Kageyama et al. 2006], and 2k/5 [Legrand-Abravanel et al. 2007]. Nevertheless, 

the two newly described 2q sequences showed no evidence of recombination. 

In conclusion, phylogenetic, identity, and recombination analyses indicate that 

subtype 2q now meets the requirements for confirmed designation status according to 

consensus criteria for HCV classification and nomenclature [Kuiken and Simmonds 

2009, Simmonds et al. 2005]. Furthermore, subtype 2q is of epidemiological value, 

since it has spread among several patients in the Barcelona metropolitan area. 
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FIGURE LEGENDS 

 

Figure 1. Maximum likelihood phylogenetic trees. (a) Unrooted phylogenetic tree of 

the coding region (positions 342 to 9336), nucleotide substitution model GTR + I + G 

(proportion of invariable sites: 0.301, gamma shape parameter: 0.841); (b) genotype 2 

subtree of the Core region (positions 342 to 914), nucleotide substitution model GTR + 

I + G (proportion of invariable sites: 0.436, gamma shape parameter: 0.671); (c) 

genotype 2 subtree of the E1 region (positions 927 to 1262), nucleotide substitution 

model GTR + I + G (proportion of invariable sites: 0.436, gamma shape parameter: 

0.671); (d) genotype 2 subtree of the NS5B region (positions 8283 to 8591), nucleotide 

substitution model GTR + I + G (proportion of invariable sites: 0.279, gamma shape 

parameter: 0.833). Positions are given according to the H77 reference sequence. 

Sequences are identified by genotype, subtype and GenBank accession number. 

Sequences that have not been assigned to any subtype are denoted as “2_”. Sequences 

newly described in this study are underlined. Nodes supported by a bootstrap support 

value >70% are indicated. The scale bar represents number of substitutions per 

nucleotide position. 
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TABLES 

Table I. Characteristics of the four patients identified so far as being infected with 

HCV subtype 2q. 

 
 Patient ID 
Characteristic 852 963 985 BA045 
Gender Male Female Female Male 
HCV risk factor Surgery, several 

transfusions (1959) 
 

Multiparous, two 
abortions (<1990), 
curettage (1992) 

Cervical carcinoma 
surgery (1990), 
possible transfusion 

Transfusion 

Date of HCV 
diagnosis 

2001 2002 2001 - 

Age (years) 60 51 69 - 
HCV treatment No No Not eligible for 

treatment 
Yes 

Clinical outcome Persistently normal 
transaminase 
levels 
Discharged (2005) 

Cirrhosis, portal 
hypertension 
(esophagic varices) 

Pluripathology 
(advanced renal 
insufficiency) 
Exitus (2005) 

Sustained 
virological 
response 

City of residence 
(province) 

Santa Coloma 
(Barcelona) 

Badalona 
(Barcelona) 

Badalona 
(Barcelona) 

Barcelona 
(Barcelona) 

 

 

 

Table II. Identity (%) among genotype 2 subtypes that have been characterized by 

complete genome sequencing. GenBank accession numbers of reference sequences: 

D00944 (2a), D10988 (2b), D50409 (2c), AB031663 (2k) and DQ155561 (2i). 

Nucleotide identity was computed between nucleotide positions 31 to 9336 according to 

the H77 reference sequence. Patient ID is indicated in parenthesis. 

 

 

 2a 2b 2c 2i 2k 2q (852) 

2a -           
2b 76.75 -         
2c 79.44 76.09 -       
2i 79.93 77.33 80.29 -     
2k 80.16 76.64 80.09 81.10 -   
2q (852) 79.62 77.42 82.52 80.40 79.47 - 
2q (963) 80.04 77.58 82.23 80.54 80.10 90.34 
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Table III. Size composition of HCV protein regions among the genotype 2 subtypes 

that have been characterized by complete genome sequencing.
 aBased on curated 

alignments available at the HCV LANL Database 

(http://hcv.lanl.gov/content/sequence/HCV/ToolsOutline.html). bPartial sequence at its 

3’ end. cBased only on the 963 isolate. GenBank accession numbers of reference 

sequences: D00944 (2a), D10988 (2b), D50409 (2c), AB031663 (2k) and DQ155561 

(2i).  

 
 Region length (nt)

a
 

 Core E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B Polyprotein 

2a 573 576 1101 189 651 1893 162 783 1398 1776 9102 
2b 573 576 1101 189 651 1893 162 783 1398 1776 9102 
2c 573 576 1101 189 651 1893 162 783 1410 1776 9114 
2i 573 576 1101 189 651 1893 162 783 1395 1734b 9057b 
2k 573 576 1101 189 651 1893 162 783 1398 1776 9102 
2q 573 576 1101 189 651 1893 162 783 1398 1776c 9102c 
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