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Oligonucleotides used for RT-PCR amplification of HCV genomic sequences Designation Sequence (5'→3') Location in the H77 genome (AF011753) UTR_f UTRi_r UTRo_r CEo_f CEi_f
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4 samples with detectable HCV RNA were seronegative for HCV *samples with discordant subtyping results (n=1) or with subtype available only for the NS5B region (n=2) were considered indeterminate (ind)

Table III. Average intra-subtype genetic distances (%) of Portuguese HCV strains grouped per coding sequence, and sampling time period (only for subtypes with n>5). 2008-09). Partial coding sequences for E1 and/or NS5B were obtained from 124 9 individuals with HCV viremia, both mono-infected and co-infected with HIV. 10 Phylogenetic analysis showed that, for both time periods, the most prevalent subtypes 11 were 1a and 3a, found, altogether, in 64.9 and 71.6% of the individuals, respectively for 12 the first and the second sampling periods. However, genotype 4 viruses (subtypes 4a 13 and 4d), introduced later, as inferred by comparison of intra-subtype genetic distances, 14 were also relatively frequent even one decade ago (24.6%). This HCV subtype profile 15 for Portuguese intravenous drug users is in agreement with those described for other 16 southern European countries when in association with drug consumption. With the 17 exception of subtype 1b, phylogenetic trees did not show clustering of the Portuguese 18 sequences, but rather phylogenetic mixing of HCV sequences from different geographic 19 origins, as described previously in other Western countries and suggestive of a large 20 international transmission network. Consistent with the low recombination rates 21 reported for HCV, only one sample revealed discordant subtypes for the two regions 22 analyzed (4d in E1 and 4a in NS5B), representing a potential new recombinant that 23 deserves further analysis. 24 INTRODUCTION 1 2 Hepatitis C virus (HCV) infection affects an estimated number of 130-170 million 3 people worldwide [START_REF] Lavanchy | The global burden of hepatitis C[END_REF]. It is a leading cause of chronic liver disease, 4 cirrhosis, and hepatocellular carcinoma, and the main indication for liver transplantation 5 in the industrialized world [START_REF] Mühlberger | 2 HCV-related burden of disease in Europe: a systematic assessment of incidence, 3 prevalence, morbidity, and mortality[END_REF]. HCV is transmitted mainly 6 through exposure to contaminated blood and blood products. With the advent of routine 7 blood screening programs, consumption of intravenous illicit drugs remains the most 8 common risk factor for HCV acquisition in developed countries. Furthermore, due to 9 common transmission routes with HIV, intravenous drug users show high rates of HIV 10 and HCV coinfection, which may affect adversely hepatitis C natural history and 11 treatment [START_REF] Sulkowski | Viral hepatitis and HIV coinfection[END_REF]. [START_REF] Antaki | The neglected 4 hepatitis C virus genotypes 4, 5 and 6: an international consensus report[END_REF] HCV is a single stranded RNA virus, classified in the genus Hepacivirus of the 13 Flaviviridae family, characterized by a high degree of genetic heterogeneity that 14 represents a major challenge for the development of both vaccines and specific targeted genotypes is still controversial, except for the sustained virological response to current 20 pegylated interferon/ribavirin therapy, with genotypes 1 and 4 presenting the lower 21 response rates [START_REF] Simmonds | Genetic diversity and evolution of hepatitis C virus-15 years on[END_REF][START_REF] Legrand-Abravanel | Influence of the HCV subtype on the 25 Page 25 of 30 John Wiley & Sons Journal of Medical Virology virological response to pegylated interferon and ribavirin therapy[END_REF]. [START_REF] Cochrane | A genetic analysis of hepatitis C 2 virus transmission between injection drug users[END_REF] HCV genotypes/subtypes present distinct distribution patterns, related mainly with 23 specific geographic areas and/or route of transmission [START_REF] Simmonds | Genetic diversity and evolution of hepatitis C virus-15 years on[END_REF]. HCV 24 genotypes 1 and 3 are widespread in Central Africa and Asia, respectively. The led to the hypothesis that subtypes 1a and 3a, globally expanded in the intravenous drug 2 user populations of industrialized countries during the 20 th century, were introduced 3 from African and Asian populations, respectively [START_REF] Pybus | The hepatitis C virus epidemic 10 among injecting drug users[END_REF]. HCV genotype 4 4 has been reported as the most prevalent in Central Africa, the Middle East and Egypt 5 [START_REF] Kamal | Hepatitis C genotype 4: What we know and what we don't 2 yet know[END_REF][START_REF] Antaki | The neglected 4 hepatitis C virus genotypes 4, 5 and 6: an international consensus report[END_REF]. This viral genotype, found at low 6 frequencies in the early 1990s in Southern Europe, has been spreading (mainly subtypes 7 4a and 4d) in the region, where the higher rates are currently found, and seems to be 8 expanding northwards, mostly associated with injection drug use and immigration 9 [START_REF] Chlabicz | High prevalence of genotype 4 among hepatitis C 21 virus-infected intravenous drug users in north-eastern Poland[END_REF] International databases. Given the economic and health burden of HCV infection, the 20 ongoing transmission among intravenous drug users, and the risk of spill over to the 21 general population, the aims of this study were (i) to determine the HCV seroprevalence 22 and active infection rate, (ii) to analyze the diversity of viral subtypes, and (iii) to screen 23 potential recombinant viruses, both in mono-infected and HIV-coinfected intravenous 24 drug users residing in the Lisbon metropolitan area. 25 Taipas) in Lisbon. Sixty six individuals, with a mean age of 31.2±6.39 years, of which 11 66.7% were male and 81.8% of Portuguese nationality, integrated Group A. Group B 12 totalized 135 individuals with a mean age of 37.6±8.5 years, of which the majority were 13 male (72.6%) and Portuguese (87.4%), 17% of whom were infected with HIV. In both 14 groups, the majority of the non-Portuguese individuals (23/29) were from Angola, Cape 15 Viral RNA was extracted from 150 µl of plasma using the INSTANT Virus RNA kit 1 (Analytik Jena, Germany) according to the manufacturer's protocol. RNA was eluted in 2 30 µl of RNase-free water and reverse transcription reactions (RevertAid™ H Minus 3 First Strand Synthesis kit, Fermentas, Canada) were performed on 5 µl of viral RNA 4 with random hexadeoxynucleotides. Subsequently, to detect the presence of HCV RNA, 5 PCR of the 5' untranslated region (5'UTR) was carried out. For subtyping, sections of 6 the envelope (E1), and the polymerase (NS5B) coding regions were further amplified 7 from HCV-RNA positive samples. The primer sets employed and reaction conditions 8 were essentially those described by [START_REF] Ray | Genetic epidemiology of 18 hepatitis C virus throughout Egypt[END_REF], modified for E1 and NS5B to 9 accommodate highly polymorphic nucleotide positions, and also included one internal 10 primer for heminested amplification of the NS5B region (Table I). Amplified DNA 11 products for the E1 and NS5B regions were purified with the QIAquick® PCR 12 Purification kit (QIAGEN, Germany) and sequenced directly with corresponding 13 internal PCR primers. 14 Reference sequences used in the E1 tree (Figure 1A): 1a (AF511950, EU256105, 1 EU362878, EU595699), 1b (AB154200, AJ000009, AJ132996, AY045702, AY587016, 2 D13558), 1c (AY651061), 1g (AM910652), 2a (AB047639, AB047642, AF169002, 3 AF177036, D00944), 2b (AB030907, DQ430817), 2c (D50409), 2i (DQ155561), 2k 4 (AB031663), 3a (AY956467, D17763, D28217, DQ430819, X76918), 3b (D49374), 3k 5 (D63821), 4a (DQ418782, DQ418788, DQ988074, DQ988079, Y11604), 4b 6 (FJ025856), 4d (DQ418786, DQ516083, EU392172, FJ462437), 4f (EU392169), 4k 7 (EU392171), 4l (FJ839870), 4p (FJ462431), 5a (AF064490), 6a (AY859526), 6b 8 (NC_009827), 6c (EF424629), 6k (D84264), 6n (AY878652), 7a (EF108306). 9

Reference sequences used in the NS5B tree (Figure 1B): 1a (AF511950, AY956469, 10 EU256105, EU362878, EU595699, EU862836), 1b (AJ000009, AJ132996, AY045702, 11 AY587016, D13558), 1c (AY051292, AY651061), 1g (AM910652), 2a (AB047639, 12 AB047642, AF169002, AF169003, AF177036, D00944), 2b (AB030907, DQ430817), 13 2c (D50409), 2i (DQ155561), 2k (AB031663), 3a (AY956467, D17763, D28217, 14 DQ430819, X76918), 3b (D49374), 3k (D63821), 4a (DQ418782, DQ418788, 15 DQ988074, DQ988079, NC_009825, Y11604), 4b (FJ025856), 4d (AJ291291, 16 DQ418786, DQ516083, EU392172, FJ462437), 4e (L29590), 4f (EU392169), 4h 17 (FJ807060), 4k (EU392171, EU392173), 4l (FJ839870), 4p (FJ462431), 5a 18 (AF064490), 6a (AY859526), 6b (NC_009827), 6c (EF424629), 6k (D84264), 6n 19 (AY878652), 7a (EF108306). 

HCV seroprevalence and active infection 3

The prevalence of anti-HCV antibodies was 86.4% (57/66) for Group A and 60.7% 4 (82/135) for Group B, the former comprising only individuals infected with HIV (Table 5 II). Overall, 83.1% of the individuals infected with HIV were seropositive for HCV 6 while among the HIV-seronegative subjects only 58% presented anti-HCV antibodies, 7 indicating a strong association (p=0.000) between HIV and HCV infection amongst 8 intravenous drug users. However, this association was not maintained when the analysis 9 was restricted to Group B individuals, probably due to the low number of HIV 10 infections in this group. 11 HCV active infection, as determined by RT-PCR amplification of the 5'UTR, was 12 found in 93% and 81.7% of the HCV seropositive samples in Groups A and B, 13 respectively (Table II). Upon grouping all the HIV infected subjects, a statistically 14 significant association (p=0.000) between infection with HIV and active infection with 15 HCV was observed. In intravenous drug users infected with HIV from Group B the 16 active infection rate (88.2%) was higher than for HIV-seronegative intravenous drug 17 users (80%) (Table II), and closer to the value found in Group A (93%). However, as 18 observed for seroprevalence, HCV active infection and HIV infection were not 19 significantly related in Group B. On the whole, 91.9% of the intravenous drug users 20 infected with HIV and seropositive for HCV exhibit active infection by HCV. 21 Curiously, four samples derived from individuals infected with HIV and with a negative 22 serostatus for HCV, in Group A, revealed the presence of HCV RNA. were classified as subtype 1a (46.8%, n=58), followed by subtypes 3a (21.8%, n=27), 16 4d (12.1%, n=15), 4a (11.3%, n=14), 1b (4.8% n=6), and 2a (0.8%, n=1). Viral strains 17 belonging to HCV genotypes 5 and 6 were not detected. All, but one, of the samples 18 revealing amplicons for both regions of the HCV genome showed subtype concordance. 19

The discordant sample (R49C and R49N, in Figure 1A andB, respectively) represents a 20 potential intragenotypic recombinant strain (subtype 4d in E1 and 4a in NS5B), result 21 that awaits confirmation. Therefore, this viral strain was categorized as "indeterminate 22

subtype" together with two others (indicated by an arrow in Figure 1B) with sequences Table II shows the subtype distribution of HCV strains circulating in intravenous drug 1 users from Groups A and B, and according to the HIV status. Although separated by 2 approximately 10 years, both groups disclose similar patterns of HCV subtype 3 distribution, except for an increase in the prevalence of subtypes 1a and 4a strains and a 4 decrease in subtype 4d in the most recently collected samples. Interestingly, a major 5 contribute to the rise of subtype 4a viruses in Group B came from the subgroup of 6 individuals coinfected with HIV, in which this subtype was found in 40% of the HCV 7 strains identified (6/15). In fact, the presence of this subtype appeared statistically 8 associated (p=0.013) with HIV infection in intravenous drug users, but this association 9 should be taken cautiously due to the low number of individuals infected with HIV 10 (n=15). 11

The topology of phylogenetic trees in Figure 1 demonstrated that sequences from 12 Groups A and B, though distantly (time-span) sampled, appeared in interspersed 13 branches all along the different subtype clusters. Besides, the majority of the Portuguese 14 sequences did not segregate into well supported groups, but rather showed considerable 15 phylogenetic mixing with sequences retrieved from databases, representing viral strains 16 from diverse geographic origins. Due to graphical constraints, this branching pattern is 17 illustrated poorly in Figure 1, where the number of subtype reference sequences was 18 kept to a minimum. Additional trees for both E1 and NS5B genomic regions, expanded 19 for individual genotypes trough the introduction of larger numbers of reference 20 sequences, are provided as supplementary data. The latter demonstrate a high extent of 21 HCV transmission within international networks. Contrasting with this, a distinct, and 22 bootstrap-supported, subgroup of sequences within subtype 1b (circled in Figure 1A This study, conducted on two groups of plasma samples collected about ten years apart 3 from Portuguese injecting drug users, revealed prevalences of anti-HCV antibodies 4 between 58% and 86.4%. These are well within the ranges reported for this risk group 5 by Portuguese and most European seroprevalence studies [EMCDDA, 2009]. The 6 higher rates were observed in subgroups including HIV-positive individuals, as 7 described in similar settings. These can be explained by the common route of 8 transmission for both viruses, and the more efficient transmission of HCV (when 9 compared to HIV) through needle-sharing [START_REF] Weinstock | Hepatitis C in an 21 urban population infected with the human immunodeficiency virus[END_REF]Sulkowski and 10 Thomas, 2003;Weissenbacher et al., 2003]. In the same way, compared with HCV 11 mono-infected subjects, patients infected with HIV exhibited superior rates of HCV 12 active infection, suggesting increased difficulties in HCV clearance upon coinfection 13 with HIV [START_REF] Luetkemeyer | Clinical presentation and course of acute hepatitis virus in HIV-infected 5 patients[END_REF][START_REF] Danta | Impact of HIV on host-virus interactions during 6 early hepatitis C virus infection[END_REF]. 14

The global pattern of HCV subtypes circulating in the Portuguese intravenous drug user 15 population analyzed, with predominance of subtype 1a, followed by 3a, 4d and 4a 16 (genotype 4 totalizing >23%), is similar to those disclosed from other intravenous drug 17 user cohorts in Southern Europe, where subtype 1a predominates over 3a, and genotype 18 4 rates are high [van Asten et al., 2004; [START_REF] Esteban | The changing epidemiology of hepatitis C virus 19 infection in Europe[END_REF]. This HCV genotype 19 profile contrasts with other studies targeting different Portuguese population groups, in 20 which high rates of subtype 1b (from 30 to >50%) and low rates of genotype 4 viruses 21 (0 to 8%) were reported [START_REF] Carvalho | HCV 16 genotypes: Liver histopathology and immunologic profile in four groups of patients[END_REF][START_REF] Ramalho | Correlation of genotypes and route of transmission with histologic 15 activity and disease stage in chronic hepatitis C[END_REF]Araújo et al., 22 2005]. However, in a national survey of HCV infected patients, enrolling 80% of 23 intravenous drug users, two thirds of whom were infected with HIV, the distribution of 24 genotypes 1 and 3 matched, though without subtype discrimination, the one described in through the inclusion of numerous sequences from diverse geographic origins 9 (supplementary trees), also demonstrated phylogenetic mixing, not only for subtypes 1a 10 and 3a, but also for subtypes 4a and 4d. However, a well supported specific cluster of 11 subtype 1b sequences was identified. Given the fact that, traditionally, HCV-1b has 12 been associated with viral infection via transfusion and unsafe therapeutic injections 13 [START_REF] Magiorkinis | The global spread of hepatitis C virus 1a and 1b: a phylodynamic and 9 phylogeographic analysis[END_REF], this cluster might represent a spill over event of HCV-1b to 14 the intravenous drug users, followed by local transmission within this population group. [START_REF] Lee | Molecular epidemiology of HCV genotypes among injection drug users in 17 Taiwan: Full-length sequences of two new subtype 6w strains and a recombinant 18 form_2b6w[END_REF] Prior studies, including descriptions of viral genotype distribution in the general 16 population and clinical cohorts, suggested that HCV subtype entrance and dissemination 17 in Portugal followed the general pattern found in other Western countries [Carvalho et 18 al., genetic distances for subtypes 1a, 3a, 4a, and 4d strongly indicates that introduction of 1 the former two subtypes preceded that of genotype 4 strains, paralleling what has 2 occurred elsewhere in Europe [ [START_REF] Van Asten | Spread of hepatitis C virus among European injection drug users infected with 13 HIV: a phylogenetic analysis[END_REF]]. However, it should be pointed out that 3 ten years ago genotype 4 strains were abundant (24.6%), and that both subtypes 4a and 4 4d were already present. Intra-subtype genetic distances being quite analogous, do not 5 support speculations on the relative order of entrance of these HCV subtypes in the 6

Portuguese intravenous drug users. From 1998 to 2009, a slight increase in the 7 prevalence of subtype 1a strains was observed, but significant changes in the 8 proportions of genotypes 3 and 4 were not noticed. However, a shift was detected in the 9 relative proportions of subtypes 4a and 4d during this period. The data presented in this 10 report reveal a decrease in subtype 4d and a concomitant increase in 4a frequencies, the 11 later being significantly associated with HIV-coinfection. Nevertheless, these changes 12 should be regarded cautiously due to limitations of sampling, namely small sample size 13 and its anticipated limited representativeness relative to HCV epidemic among 14

Portuguese intravenous drug users. Furthermore, the unavailability of the most probable 15 date of infection for most individuals and the strong bias towards HIV-coinfection in 16

Group A limit possible hypothesis that may be put forward to account for the apparent 17 epidemics evolution. 18

Inter and intragenotypic, or even intra-subtype, recombinants of HCV have been 19

previously identified [reviewed in [START_REF] Lee | Molecular epidemiology of HCV genotypes among injection drug users in 17 Taiwan: Full-length sequences of two new subtype 6w strains and a recombinant 18 form_2b6w[END_REF]. However, considering the limited 20 number of reports on HCV recombination, either the exchange of genetic information 21 between HCV strains is uncommon in vivo or it has been underestimated due to the 22 generalized use of genotyping methods based on the analysis of a single genomic 23 region. Bearing this in mind, along with the fact that intravenous drug users are highly Phylogenetic trees specifically expanded to accommodate additional HCV E1 coding 17 sequences retrieved from databases for subtype 1a (1), 1b (2), 3a (3), 4a and 4d (4), and 18 additional HCV NS5B coding sequences from databases for subtype 1a (5), 1b (6), 3a 19 (7), and 4a and 4d (8). 20 21 22

  Table II. Subtype distribution of HCV strains sampled, about one decade apart, among intravenous drug users residing in the Lisbon metropolitan area, Portugal

  .8 (n=9)3.1±0.7 (n=6)The pairwise genetic distances were estimated by means of the Kimura 2-parameter method.

  (HCV) infects 2-3% of the world population and intravenous drug 4 consumption is the leading cause of transmission in industrialized countries. The 5 unavailability of data on the molecular epidemiology of HCV infection in Portugal 6 prompted the study of HCV subtypes circulating among intravenous drug users residing 7 in the Lisbon metropolitan area and sampled about ten years apart (1998-2000 and 8

  in these areas suggests long-standing endemic infection, and 1

  two groups of blood samples. One (A), dated from 1998-2000, 5 taken from individuals with a history of intravenous drug use, who at the time of blood 6 collection, were being treated for HIV infection at Hospital Prof. Doutor Fernando da 7 Fonseca (Amadora, Portugal), located in the Lisbon metropolitan area. The other (B) 8 comprised samples collected recently (2008-2009) from intravenous drug users, 9 recruited at a drug treatment centre (Centro de Acolhimento a Toxicodependentes das 10

  Verde, and Mozambique. The study protocol was approved by the Scientific Boards of 16 Instituto da Droga e Toxicodependência and Hospital Prof. Doutor Fernando da Fonseca 17 and by the Ethics Committee of Instituto de Higiene e Medicina Tropical. Subjects 18 provided written consent to be included in the study. Plasma samples were tested for 19 anti-HCV antibodies with the ImmunoFlow HCV rapid test (Core Diagnostics,

  of HCV strains were inferred from the analysis of multiple nucleotide 18 sequences aligned with MAFFT [Katoh et al., 2009]. Neighbor-Joining (NJ) trees were 19 constructed with MEGA4.0.1 [Tamura et al., 2007] using genetic distance matrixes 20 corrected with the Kimura 2-parameter (K2P) formula. The reliability of the inferred 21 topologies was evaluated by bootstrap analysis of 1,000 pseudoreplicates of the original 22 sequence data. Average intra-subtype genetic distances were calculated with default 23 parameters as established in MEGA4.0.1.

20 21 22 Statistical

 2022 Statistics analysis included, when appropriate, calculation of p values of the χ2 test or

  regions, located at the 5' and 3' ends of the HCV genome, were studied. One 4 corresponded to a ~470 nt fragment encoding mostly the N-terminal moiety of E1, 5 while the other consisted of a ~390 nt fragment covering the middle section of the 6 NS5B gene. Primer sets described in Table I allowed the efficient amplification of both 7 viral genomic regions (100% for NS5B, n=124; 98.4% for E1, n=122) in the samples 8 with detectable HCV RNA, i.e. showing a positive 5'UTR PCR amplification result. 9 Phylogenetic analysis performed with HCV sequences amplified from Portuguese 10 intravenous drug users and corresponding reference sequences available in databases 11 allowed the unequivocal genetic subtyping of all viruses. Figure1 (A and B) shows 12 typical Neighbor-Joining trees obtained from the analysis of E1 and NS5B genomic 13 regions, respectively, with groups of sequences corresponding to viral subtypes being 14 supported by high (>70%) bootstrap values. The majority of the Portuguese sequences 15

and 23 B

 23 ), including none of the reference sequences used, might represent a geographic 24 cluster. Additionally, several small groups of two sequences supported by high and with genetic distances <0.05 were also evident. These should 1 result from the local transmission of viruses between individuals related socially. Intra-2 subtype genetic distances estimated for both regions and presented in TableIIIreveal 3 lower values for NS5B, older sequences (specially for E1), and genotype 4 sequences. 4Assuming a constant evolution rate for all HCV subtypes, the genetic distance results 5 obtained for both genomic regions in Groups A and B are suggestive of an earlier 6 introduction of subtypes 1a and 3a in Lisbon intravenous drug users, while a more 7 recent seeding is expected for genotype 4 viruses.

  and a high proportion of HCV genotype 4 (18%) was already found 1[START_REF] Badura | HCV and HCV/HIV in Portugal-a multicentric cohort 13 study. 4 th International Workshop in HCV/HIV co-infection[END_REF]. 2 Typically, phylogenetic analysis of HCV-1a and 3a sequences amplified from IDU 3 communities in different countries does not show geographic clustering, as one could 4 expect from viral transmission through sharing of injection paraphernalia, and 5 suggesting the occurrence of large-scale exchanges of HCV between intravenous drug 6 users due to their high mobility[START_REF] Cochrane | A genetic analysis of hepatitis C 2 virus transmission between injection drug users[END_REF] van de Laar et al., 2005; Morice 7 et al., 2006]. The general phylogenetic profile for Portuguese HCV sequences, obtained 8

  2000; Ramalho et al., 2000; Araújo et al., 2005]. Accordingly, HCV-1b might have 19 been circulating in Portugal for a period of time long enough to give rise to geographic 20 specific clusters. However, since Portuguese HCV sequences are not generally available 21 in the databases, this assumption cannot yet be confirmed. 22 Dynamic change in the prevalence of different subtypes over time characterizes the 23 HCV epidemics in intravenous drug users [van Asten et al., 2004; Pybus et al., 2005].
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 1 Figure 1 Phylogenetic relationships between HCV strains from Portuguese intravenous 1

available only for the NS5B region.

Regarding the Portuguese intravenous drug user population analyzed, comparison of
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