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Abstract

Background: Hepatitis C virus (HCV) resistance-associated vasia(RAVS) have been
shown to adversely affect treatment response efctacting antivirals (DAAS). Identifying
pre-existing RAVs and transmission networks among/HCV genotype 1 (G1) infected

patients from Poland will assist in shaping sutaaite strategies for HCV.

Methods: NS3 and NS5A sequences were obtained famples of 112 DAA-naive G1

patients (45 Gla, 67 G1b), of which 74 were chraliydnfected and 38 were diagnosed with
acute hepatitis € (AHC). RAVs were identified usiggno2pheno, and 98 concatenated
NS3/NS5A alignments were constructed to identigngmission clusters using a maximum

likelihood approach.

Results:Gla was notably more prevalent compared to G1b gmmn-having-sex-with-men
(MSM) (60.0% vs. 31.3%, p=0.004), AHC cases (46.7% vs495 p=0.019) and patients
diagnosed with syphilis (52.2% vs. 24.5%, p=0.008he overall NS3/NS5A RAVs
frequency was 14.3% with variants occurring moterofn Gla compared to G1b (27.5% vs.
5.2%, p=0.005), mostly for NS3 due to the high ptemce of polymorphism Q80K. NS5A
RAVs were only found in 2.9% of sequences. Sigaiiicclustering was observed for 73.5%
of the Polish sequences, however more common inNE3ll compared to G1b (50.0% vs.
25.9%, p=0.02). The identified clusters containegu&nces originating from up to five Polish
cities, located within a mean distance of 370 km.
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Conclusions: Close clustering of Polish strainsgests the presence of compartmentalized
epidemics of MSM that fuel the spread of Gla vasararticularly AHC patients form a
national transmission network, including clustersirighed with the NS3 Q80K

polymorphism.

Key words: Phylogenetic analysis, acute hepatitis C, HIV/HCdn&ection, transmission

networks, natural resistance.

Introduction

Hepatitis C virus (HCV) infection remains a key VWdwide epidemiological issue with recent
estimates indicating ~80 million viraemic infectionn a global levél So far, seven HCV
genotypes and more than 80 subtypes have beenfigtgntith subtypes la (Gla) and 1b
(G1b) being the most common, irrespective of theVHGono- or HIV/HCV co-infection
status’. The HCV G1 distribution varies significantly acdimg to geographical region, with
the highest prevalence of G1a reported in North Acaeand Oceania, while G1b is the major

subtype in Europe, however particularly predominarast European countries

Recent advances in HCV treatment achieve virusimdition in ~95-100% of cases with the
use of direct acting antiviral (DAA) combinatidngreatment outcomes are affected not only
by the HCV genotype a patient is infected with, bigo by the presence of pre-existing
resistance-associated variants (RAVs)ower treatment response rates were observed,
especially in the setting of the NS3 Q80K polymaspii, and for high-level resistance
conferring NS5A variants located at codon positid8s30, 31, 58 and &3

Many RAVs are not natural variants but selectedeundAA selective pressure, which
continue to evolve after treatment failure, oftemarting back to the wild-type variant after a
few months or only after years in case of N8&AThis delay in reversion may result in
transmission of drug resistant strains, howeveffasoinfrequently reporteéd*: This may
become especially important in the light of ther@asing frequency of diagnoses of recent
HCV infection among men-who-have-sex-with-men (MSMbh and without HIV infection,
with the latter reported in candidates for HIV gogaosure prophylaxis*?
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In Europe, Australia and North America, acute higgaf (AHC) transmission networks have
been documented, associated with sex-related HQ@Misitions**. Additionally, among
HIV-positive MSM, alarmingly high incidence rateSHICV reinfection after viral cure have
been reported, ranging from 7.3-7.4 to 15.2/10@qeyyears. This raises concerns for the
possible introduction of RAVs within a risk popudat that is actively fueling HCV
transmission, potentially resulting in reducedtflise DAA therapy efficacy and/or limited
treatment options after DAA failure.

In Poland, around 160 thousand cases are consitHEaHRNA positive®, with ~30% of
people living with HIV being co-infected with HCVh the last decade, the HIV predominant
transmission route shifted from injecting drug (8@% decrease) to MSM (345% increase),
with approximately 65% of new infections with knowansmission route linked to the group
of MSM. A stable increase in the number of new Hlielgnoses per year is observed across
the country, with >22.000 cases diagnosed as oéber 201%. In the group of HIV/HCV
co-infected patients, a decrease of 17.3 yeardgerexpectancy is reported as well as a low
likelihood of survival beyond the age of 65, asated with an increased risk of
cardiovascular diseases, diabetes, neurocogniévermance and kidney disease, compared
to those that are HCV mono-infect@dAlthough availability of DAA therapies has redgnt
increased, access to treatment is not universabndtis still prioritized for patients with
advanced liver fibrosis, at least in Poland. Moerodata on pre-existing variants conferring
resistance to the most used anti-HCV drug classiésesnain sparse, with only one Polish
study investigating variants located in the NS3iaegublished so fat, while no data is

available for Polish patients carrying NS5A RAVS.

In this study, we aimed to map the genetic varigbhdf viral proteins NS3 and NS5A in a
cohort of HCV G1 patients co-infected with HIV, Iading patients diagnosed with acute
hepatitis C. Moreover, phylogenetic inference waspliad to identify clustering patterns
within the Polish epidemic, and to investigate plessibility of natural RAVs circulating in

the identified networks.
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Material and methods
Study group

Samples from 112 patients, all of Caucasian oragid co-infected with HIV-1 and HCV
genotype 1 (Gla or G1b), the most prevalent geroiydoland, were analyzed. Also, this
genotype was the most prevalent among patientsaeitte hepatitis C, with other genotypes
accounting for 30.1%. The samples were linked to care in five PolisK liteatment centres
(Warsaw, Wroctaw, Cracow, Szczecin, Zielona Gomjl sequenced at the Pomeranian
Medical University in Szczecin, Poland. The studgtpcol was approved by the Bioethical
committee of the Pomeranian Medical University, rappl number KB-0012/26/17. All
samples were gathered from patients with chronjgatiis C detected at HIV diagnosis
(78/112, 66.07%) or from patients with AHC obseradigr HIV diagnosis (38/112, 33.92%).
AHC patients diagnosed with genotype 1 were corisety enrolled at the clinics
participating in the study, while individuals witthronic hepatitis C were selected based on
availability of stored left-over samples. AHC wasfided as hepatitis C antibody
seroconversion from negative to positive with canttant increase of aminotransferases and
detection of HCV-RNA during follow up. The majori¢6/38, 94.74%) of the included AHC
patients were on stable antiretroviral therapymagis suppressing their HIV viral load to <50
copies/ml. None of the patients were treated befatle pegylated-interferon and ribavirin,

nor with any DAA at the time of sample collection.

The clinical data collected for all patients inaadthe following parameters: age, gender,
HCV transmission route, lymphocyte CD4 count an¥4RINA viral load at HIV diagnosis,
year of HCV infection for the AHC cases, HBV coidfien status (defined as HBs antigen
positive), alanine aminotransferase activity andVHRNA level (last available measurement
prior to or at the date of sampling, with a mediame range between the date of sampling and
the HCV RNA level measurement being 3.7 monthsktdtly of syphilis was assumed
positive if any serological test (VDRL, FTA-ABS, HA) was ever recorded reactive.
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Sequencing methodology

NS3 and NS5A genetic sequencing was performed ufiegSanger methodology as
previously published. Amplicons obtained by nested PCR were used fuesgcing with the
BigDye technology on an ABI 3500 platform (Appli@®losystems, Foster City, CA). NS3
and NS5A sequence assembly was performed with &ralRonline tool, and variants were
scored above a threshold of 15%. The final daiaskided 112 patients and consisted of 108
NS3 (108/112 = 96.4%) and 102 NS5A sequences (1024 91.07%), as seguencing
experiments, either targeting NS3 or NS5A, repatiyi failed for the remaining samples. Of
the successfully amplified sequences, 98 caseS%®@Avere characterized by the presence of
paired NS3/NS5A sequences. All sequences geneflaed been submitted to GenBank

(pending sequence IDs).

Genotypic drug resistance and phylogenetic analyses

The G1 subtype (a or b), clade | or Il (in caseGdfa), and NS3 and NS5A RAVs were
identified using the rules-based algorithm geno2phdCV v.0.92. For interpretation of drug
resistance, any variant scored as "reduced subtyti or "resistant” to known NS3 or
NS5A inhibitors, was included in the analysis. HGehotype and subtype were confirmed
using the Oxford HCV Automated Subtyping Tool , dind COMET subtyping tool .

For phylogenetic analysis, only the dataset of 8Bepl NS3/NS5A sequences was used, as
short fragments are often associated with poorqgepetic signal. Firstly, joint NS3/NS5A
sequences were aligned with the software Clustal0<10, separately for Gla (n=40) and
G1lb (n=58), using two reference sequences (Gla BEZY& to root G1lb tree and Glb
D90208 to root Gla tree) as outgroup. Alignmenteeveglited in MEGA 7.0 to improve their
guality, while sequences containing stop codongewemoved. The alignments covered NS3
codons 1-181 for both G1la and G1b, and NS5A co@el33 for Gla and 1-103 for G1b.

To investigate clustering patterns, datasets wapplemented with a selection of highly
similar sequences obtained from the public datakss=®Bank (see Supplementary Material,
http://links.lww.com/QAI/B110 for the Genbank IDsising the software tool BLAST. More

in detail, for each sequence from the initial detas0 sequences with the highest similarity
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score and with 100% NS3 and NS5A sequence coverage selected. After removal of
duplicates, the final datasets consisted of 136 &idh 151 G1lb sequences. To construct
phylogenetic trees, a maximum likelihood (ML) apgeb with an approximate likelihood
ratio test (aLRT) (online version PHYMLv.3.0) anbetuse of smart model selection,
indicating the general time reversible (GTR) nutii® substitution model with four gamma
categories as the optimal model for both datagetwighbor joining tree, supported by 1000
bootstrap replicates, was constructed in Clustasults not shown), showing a similar
topology as the ML tree. For the identification adfisters ¥3 sequences) and transmission
pairs, the software Cluster Picker was used. Theman genetic distance for both datasets
was set at 0.08, combined with a clade support.BfTa>0.85, to call a group of sequences a
cluster, similar to a previous analydisThe selection of these parameters was in agréemen
with the clinical information related to exposurskr(disclosed epidemiological information
in physician provided clinical notes on the shasestual partners/parties). All trees were

visualized in Figtree v.1.4.3.

Statistics

Statistical comparisons were performed using Fishekact and CRitests for nominal
variables, while for continuous variables the MaWhitney U-test for nonparametric
statistics was used, with P valug®.05 considered statistically significant. Confiden
intervals (Cl) and interquartile ranges (IQR) weralicated where appropriate. The
commercial software Statistica (13PL, Statasoftskal Warsaw, Poland) was used for all

statistical calculations.

Results
Clinical group characteristics and HCV genotype distribution

Initially, by the geno2pheno algorithm, 47 sequenaere assigned as Gla and 65 as Glb.
However, in two cases, the subtype needed to beeated, according to the concordant
results from the two well-known subtyping tools disso as a final result, infection with Gla
was found in 45 patients (40.18%), of whom 37 wefected with clade | (82.2%) and 8 with
clade 1l (17.8%), while G1b infection was obserue@7 individuals (59.82%).
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All genotype related differences in group charastes are outlined in Table 1. Notably, Gla
infection was more common among men (41/45, 91.1d8&)pared to G1b (51/67, 76.12%,
p=0.042), with a significantly higher frequency &la among MSM(27/45, 60.0%)
compared to injection drug users (IDUs) and thespective partners (18/45, 40%, p=0.003).
Additionally, Gla was enriched among AHC cases42146.67% vs. 17/67, 25.37% for
G1b) and individuals with a history of syphilis (48, 52.24% for Gla vs. 14/67, 24.45% for
G1b, p=0.009), while the opposite was true forgurasi diagnosed with chronic HCV (24/45,
32.43% for Gla vs. 50/67, 67.57% for G1b, p=0.02A@ute HCV infection was exclusively
observed among MSM and associated with a historgyphilis (27/35, 84.38% with a
positive syphilis diagnosis vs. 8/35, 14.04% withegative syphilis serology, p<0.001).

Prevalence of resistance-associated variants (RAVs)

Overall frequencies of HCV RAVs were calculatednjbi for the paired NS3/NS5A
sequences (n=98, 40 Gla and 58 G1b) and sepafatdlye available NS3 (Gla, n=42 vs
Glb, n=66) and NS5A (Gla, n=43 G1b, n=59) sequendes overall NS3/NS5A RAVs
frequency was 14.3% (14/98 strains), and this ®agqy was significantly higher among Gla
infected cases (n=11/40, 27.0%) compared to G18/5855.2%, p=0.005) (Figure 1a).

In total, NS3 RAVs were found in 15.7% of the patgee(17/108), while for NS5A only in
2.9%. The most common variant in the dataset weetdd in protein NS3, more particularly
Q80K, found in 11.1% (12/108) of the analyzed N8guences. One patient infected with
Gla had RAVs both in the NS3 and NS5A region. Aahlyt higher frequency of NS3 RAVsS
among Gla infected individuals (n=13/42, 31.0%) parad to G1b (n=4/66, 6.1% p=0.0005)
was demonstrated. The most predominant NS3 was Q8Rkusive to Gla, observed in
12/42 (28.6%) Gla patients, and especially moregbeat among MSM (n=9, 19.57%)
compared to patients with a history of IDU and thgartners (n=3, 4.84%, p=0.016) (Figure
1b). Other observed NS3 RAVs were 54S, 55A, 117hkt] 468E. Overall, NS3 RAV
frequencies (n=7/37, 18.92%), including Q80K polypiosm (n=6/37, 16.22%), were
similar among HIV cases with AHC compared to HCVrarfically infected patients
(n=10/71, 14.08% and n=6/71, (

8.45%, respectively).
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NS5A RAVs were only observed in three sequence8%R.across the entire dataset,
including two Gla (4.7%) and one G1b strain (1.7849re particularly NS5A variants 28T/V
and 31M (Figure 1c). All three patients were idiedi to be chronically infected with HCV.
No further significant differences in the distrilmut of NS3 and/or NS5A RAVs were noted
for gender, transmission route, history of syphdisgnosis of AHC, when analyzing both the
paired NS3/NS5A sequences or separately for NSN&hRA, neither for Gla or G1b.

Phylogenetic inference

In total, 72 out of 98 NS3/NS5A paired sequences4(®bo) formed 10 clusters and three
pairs of sequences. For Gla, 32 out of 40 Polistnst (80.0%) formed four clusters and two
pairs, including three clusters consisting excleliwf sequences derived from MSM and one
cluster consisting of 10 sequences which weresalbeiated with IDU transmission (Figure
2a). For G1b, six clusters and one pair includifgséquences (69.0%) were counted, of
which both the pair and four clusters consistecseduences obtained from IDU-infected
individuals and their heterosexual partners, wailarge cluster of 14 sequences was found to

be associated with MSM transmission (Figure 2b).

In Gla, the occurrence of both pairing and clusgeamong sequences derived from MSM
patients was notably more common compared to GH20MO0, 50.0% for Gla infected
MSM vs. n=15/58, 25.86% for G1b MSM, p=0.02). Seqsences harboring the NS3 Q80K
polymorphism (50% of all sequences with Q80K in ¢ihedy) clustered within a Gla-MSM
cluster, all were derived from patients with docaited AHC infection during HIV follow-up
and were diagnosed in Warsaw and Wroctaw (Tabld-i2e transmission clusters included
cases diagnosed at a variety of clinical centeth &wimean intercity distance of 370 km.
Patients characterized by NS5A RAVs were not shtmacluster closely together in the trees,
nor for Gla or G1b.
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Discussion

In the current study, we analyzed HCV Gla and GBSB Mnd NS5A genetic sequences
obtained from individuals co-infected with HIV, tovestigate resistance patterns associated
to DAA treatment failure. Transmission networks geronstructed to reflect clustering
patterns as well as transmissibility of natural RAM association with specific clinical
characteristics. A high frequency of infectionsthwitla was observed among MSM with
documented AHC after diagnosis of HIV and afternigevirologically suppressed with
antiretroviral treatment. In this group of patiergsquences characterized by the NS3 Q80K
polymorphism clustered together. On the other ha¥w8HA RAVS were absent among
patients with AHC and also rarely observed (<5%jhi@ overall study group, supporting to
start treatment with NS5A inhibitors at an earlgg&l. Phylogenetic inference revealed that
the HIV/HCV co-infected population in Poland is ifag two separate epidemics, dependent
on the HCV genotype 1 subtype. While the more tedl&1b epidemic is probably related to
the spread of autochthonous Polish strains, the HObtype la epidemic in the MSM
population may be fueled due to mixing with straiinem other European epidemics,
transmitted through sexual contact between MSM.

In our dataset, RAVs in the NS3 region were foum®81% and 6.1% of all Gla and G1b
sequences, respectively. The high frequency in gati@nts can be explained by the presence
of NS3 polymorphism Q80K, which is known to be watlly absent in GI%8. This finding
was consistent with previously published cohortactWireported prevalence rates ranging
from <10% to ~50%, depending on the geographiagibré®. The Q80K polymorphism is
specifically associated to Gla clade | and is ailikey importance for patients treated with
second-wave protease inhibitor (PI) simeprevir, gusignificant reduction of response rates
in combinations containing this agent and pegylataerferon/ribavirin or sofosbuvif,
compared to a small or even no impact for othef°Pla our study, other NS3 variants
associated with Pl resistance were detected oncaadildl positions 54, 55, 117 and 168, with
variants on position 117 only affecting suscepitipiio boceprevir or telaprevir, agents which
are nowadays no longer usedvariant D168E reduces susceptibility to grazojsrev
paritaprevir and provides full resistance to sineepf". A RAV on NS3 position 168,
reported for <1% of the DAA naive population in ges, was previously reported to be

common among G1b infected patients experiencinglogic failure on treatment with
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faldaprevir or asunaprevft In general, the presence of naturally occurrir@3Mon-Q80K
variants was infrequent in our study (<10%), whiln line with reports of other European
and Asian cohorfs,

Among the analyzed NS5A sequences, RAVs were raiebgcted, more particularly a
prevalence of 4.7% for Gla and 1.7% for G1b. NS&Aants M28T/V, which are associated
with antiviral resistance to daclatasvir, elbaswérlipasvir and ombitasvir>3 and L31M
conferring resistance to daclatasvir and elbd&¥ir were observed in the dataset. The
frequency of these RAVs was in agreement with [evireports, where pre-existing
M28T/V variants were found among 6% of Gla patieatsl in 7% of Glb infected
patient&?® However, these prevalence rates are still lowerpgared to the population of HIV
infected patients diagnosed with acute HCV infat{(i4%) or compared to a large European
HCV database (289%)%". Variant L31M was previously reported to be evesslprevalent,
more particularly present in 1.2% of Japanese piatiand 8% according to a study using
public sequencé%®® The NS5A variant Y93H, related to increased thertailure among
individuals treated with NS5A inhibitor containinggimens, including asunaprevir and
daclatasvir, or grazoprevir and elbasvir was ndected, which is consistent with a Dutch
report presenting a low prevalence for this varianpatients recently infected with HGY

however in general higher for HCV1b infected pasén

Clustering of more than three sequences, suppdiyea high aLRT value and a short
evolutionary distance, was commonly observed in shelied dataset, with five clusters
among IDUs and their respective heterosexual patraand four MSM-transmission clades
identified. Only in one cluster, two cases with thstory of IDU were linked to MSM risk
behavior, indicating that in general HCV epideméee restricted to particular transmission
groups. Also, as Gla predominated among MSM, aingtevas more common for this
subtype. Additionally, in the analyzed cohort 06M, no IDU was reported, however use of
oral or intranasal chem-sex agents was commorgrimeaent with the reported broad use of
recreational drugs in the MSM community, previouassociated with HCV acquisitidh It
should be also noted that other sexual practiaest) as the use of sexual toys, anal douches
or lubricants might additionally facilitate HCV trsmissiofi>*% Of note, similarly to another
European cohort, association between acute hep@tiéind prior diagnosis of syphilis among

HIV-infected MSM was observed in our stiely
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Clustering among HCV sequences harboring the NSBKQ®&lymorphism was reported
previously for various countries like the UK ane tRetherland$*%. It should be noted, that
in our study one of the transmission clusters {elu®), consisted of eight Gla clade |
sequences, all acquired from individuals with AH@daof which six sequences (75%)
harbored the NS3 Q80K polymorphism. It may be hlgpsized, that for the two remaining
sequences reversion to the wild-type variant oeclyrsimilarly as observed by Newsuan
al., where probable reversions of Q80K to the wild-typ80Q were notéd among DAA
unexposed cases. However, such reversions weressgify® to confirm due to the lack of
longitudinal sampling in our study. It should betet that, Sexual transmission events of
RAVs, including Q80K, have been rarely reported ifadividual case’s*: However, the
founder effect that dominates the history of Q8Qtaiss reflects the occurrence of many
former transmission events, as all sequences dbared by polymorphism Q80K cluster
together in a large clate®® Here, we show that transmission clusters, indgdhe ones
harboring Q80K, were not limited to sequences fpatients located in a single city, but were
in half of the cases collected in clinical centdisgant from each other (e.g. >350 km distance
between Warsaw and Wroctaw and even >500 km betWéesaw and Szczecin), indicating
countrywide span of the identified transmissionwaeks. The key limitation of this study
was the non-random sampling of the sequences, $imgewere selected based on sample
availability, as well as on the patients’ histofyao acute or recently acquired HCV infection.
Moreover, at the time of the study completion, n@tematic sequencing of HCV was
performed, resulting in a rather low number of MBaquences. It should be stated, though,
that the increase in the number of acute HCV iimdestamong MSM living with HIV is a
recent phenomenon and so far, there is no systeswatveillance for DAA resistance in this
group. Also, the use of deep sequencing methodedagight have allowed the identification
of variants present at lower thresholds as wetbasbtain longer fragments characterized by
higher phylogenetic signal. However this technolagys not available and moreover the
clinical impact of minor variants on treatment resge is still being debat&dhence why our
findings resulted from the use of Sanger populatequencing are still significant without

using of next-generation sequencing.
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Finally, it should be stressed that Gla, presedDi2% of the samples and including 46.7%
of the AHC cases, has only been identified infredyen Poland. More particularly, G1la has
been reported in only 2.5% of the HCV mono-infaesi@nd in 17.8% among the HIV/HCV
G1 infected casé$* and was virtually absent in a former dataset $owi on the global
epidemiology of HCV genotype distribution, wherdyo@1b infections were observed in the
country. In Poland, Gla cases were previously ekseamong young individuals, however
not linked to IDU transmission, in contrast to wiets been reported for other regions.
Current analysis indicates enrichment of Gla amdfiigM with possible expanding
epidemics of these strains. In Western Europe, Wds the most prevalent subtype among
MSM enrolled in HIV pre-exposure prophylaxis pragss both in HIV-positive and —
negative meft.

Conclusion

The identification of transmission clusters amony/ HCV infected patients, especially for
the ones that recently acquired HCV through MSMtao) suggests that sexual transmission
may not only fuel the HCV epidemic, but also proendhe spread of DAA resistance-
associated variants. Such a phenomenon is of primmoortance for long persisting or highly
prevalent variants such as polymorphism Q80K inNI&3 region as well as several NS5A
variants. Efforts for continued surveillance ofiaats affecting susceptibility to DAAs should
be extended, especially for MSM, as transmissioRAYs known to confer resistance to the

currently used drug regimens, may adversely afi€z¥ treatment options in the future.
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511  Figurecaptions

512 Figure 1. Total resistance-associated variants (RAVS) frequencies shown per HCV
513  subtype(a), for the HCV NS3region (b) and NS5A region (c).

514 Resistance-associated variants are listed separtielNS3, NS5A as well as for the
515 sequences used to construct the concatenated NSB/BI®nments. Sample size/the total
516 number of sequences included in each category @ntgipe is indicated on the left. For Gla,
517 the observed prevalence of RAV is indicated intliglue, for G1b in red, and for the total of
518 both subtypes in dark blue.

519 * Freguencies calculated only for the paired NS3/NS6A sequences (n=40 for G1A, n=58 for
520 GIB)

521
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Figure 2. Maximum likelihood trees for joint NS3/NS5A sequences for Gla (a) and G1b
(b).

For the reconstruction of the trees, highly simdaguences to the 98 Polish sequences were
selected by BLAST and added to the concatenatedNNSS3 alignment. Black tips represent
sequences from the public database Genbank. Rmisént sequences from the study were
colored by the probable route of infection (as-sefforted by the patient): blue - men who
have sex with men, red - injection drug users (Ipdseen - heterosexual partners of IDUs.
Identified clusters are shaded in gray, with théidated cluster ID corresponding to those
listed in Table 2. Observed NS3 and/or NS5A resctaassociated variants are annotated at
the tips of the tree. Clusters were identified wéthsupport of aLRT values >0.85, and a
maximum genetic distance of 0.08. Reference se@setacroot the phylogenetic tree (Gla:
HQ850279 and Glb: D90208) were removed from thal fwvisualization. The genetic
distance is indicated by the bar at the bottom. Mapthe right indicate the Polish city where
patient follow-up took place, with putative recamsted intercity transmission networks. City
codes: SZ-Szczecin, WA-Warsaw, WR-Wroctaw, ZG-Ziel@ora, KR-Krakow.



Table 1. Clinical and laboratory characteristicslisted by HCV genotype (Gla and G1b).

This table includes demographic data, informatibaud the self-reported HCV transmission
route, history of acute hepatitis C or syphilisidgrfollow-up for HIV, as well as a selection
of laboratory and serological parameters. P-valugl statistical significance<Q.05) are

indicated in bold.

Abbreviations: ALT- alanine aminotransferase, HBsAhepatitis B surface antigen, HBV —
hepatitis B virus, HCV- hepatitis C virus, HIV —an immunodeficiency virus, IDU —
intravenous drug use, IQR - interquartile range MiSmen-who-have-sex-with-men.

Genotype 1a, Genotype 1b, Pvalue | Total, n (%)
n (%) n (%)
Age at HCV diagnosis* 37 (34-41) 37 (32-41) 0.65 37 (3341
Gender*
Male 41 (91.11) 51 (76.12) 0.042 92 (82.14)
Female 4 (8.89) 16 (23.88) 20 (17.86)
Reported HCV infection route*
Intravenous drug use (IDU) 18 (40) 41 (61.19) 0.004 59 (52.68)
Heterosexual partners of IDUs 0 5 (7.46) 5 (4.46)
men-who-have-sex-with-men 27 (60) 21 (31.34) 48 (42.86)
(MSM)
Observed acute hepatitis C*
Yes 21 (46.67) 17 (25.37) 0.019 38 (33.93%)
No 24 (32.43) 50 (67.57) 74 (66.07%)
History of syphilis during follow-up*
Yes 18 (52.24) 14 (25.45) 0.009 32 (35.96)
No 16 (28.07) 41 (71.93) 57 (64.04
Active HBV coinfection (HbsAg positive) *
Yes 1 (2.63) 3 (5.26) 0.53 91 (95.79
No 37 (97.37) 54 (94.74) 4 (4.21)
HIV-1viral load at diagnosis, log 5.04 (4.46- 4.64 (4.34-5.23 0.2 4.79 (4.35-




copies/ml (IQR) * 5.48) 5.35)
Nadir lymphocyte CD4 count, 302 (161-386)| 224 (103-353 0.18 255 (104
cells/ul, median (IQR) * 371)
Median ALT (IQR) at HCV 65 (43-163) 52 (25-78) 0.03 72 (47-135)
diagnosis, |U/ml

. 5.95 (5.55- 5.9 (5.41-6.38) 0.62 5.93 (5.45¢
Median HCV-RNA, log 1U/ml (IQR) 6.32) 6.36)

" Age, gender, transmission route and history oft@dwepatitis C are available for 112
patients, history of syphilis is available for 889(46%) cases, HBV history for 95 (84.82)
cases, HIV viral load for 72 (64.28%) cases, anehgiiocyte CD4 T cell counts for 88

(78.57%) patients.



Table 2. Characteristics of theidentified transmission clusters.

Clusters are consecutively numbered, consisterit thié numbering used in Figure 2, followed by thenber of sequences included in the
cluster. For Gla, the clade (I or 1l) is added. @bsd percentages of resistance associated va(i@AMs) (both for NS3 and NS5A) are
calculated for the total number of sequences iredud each cluster. The HCV transmission route roeat in the table is self-reported by the
patient. City of diagnosis refers to the clinicahter where the HIV/HCV coinfection was first diaged. Evolutionary distances (number of
nucleotide substitutions per site per year) antissitzal support for the clusters ‘are calculatedeldlaon the maximum likelihood model, and
listed in the last two columns of the table.

Abbreviations: aLRT - approximate likelihood ratiest.”IDU - injection drug use associated transmissiod§M - men who have sex with

men, HET - heterosexual partners of IDU. *City cedeZ-Szczecin, WA-Warsaw, WR-Wroctaw, ZG-Zielara, KR-Krakow.

_ ) Documented | Evolutionary
Cluster size, Observed Observed City of Cluster
Cluster HCV Transmission _ i, acute distance
number of NS3RAVs, | NS5RAVS, diagnosis o o aLRT
ID subtype/clade route’ (%) hepatitis C, within the
sequences (%) (%) (%) support
(%) cluster
SZ (90%)
1 10 lall 0 28T (10%) IDU (100%) 0% 0.062 0.998
WR (10%)
Q80K WA (75%)
2 8 1a/l 0 MSM (100%) 100% 0.137 0.932
(75%) WR (25%)
4 1a/ll 0 MSM (100%) | WA (100%) 100% 0.042 0.87
4 1a/ll 0 MSM (100%) | WA (16.6%) 83.4% 0.042 0.98




SZ (83.4%)

IDU (75%),
5 4 1b SZ (100%) 0% 0.056 0.865
HET (25%)
6 8 1b IDU (100%) | SZ(100%) 0% 0.077 0.986
KR (85.7%)
WA (14.3%)
7 14 1b MSM (100%) 100% 0.076 1
SZ (7.1%)
WR (7.1%)
IDU (66.6%)
8 3 1b SZ (100%) 0% 0.064 0.976
MSM (33.3%)
IDU (75%)
9 4 1b SZ (100%) 0% 0.58 0.995
HET (25%)
IDU (80%), | SZ (80%)
10 5 1b 0 0.041 0.988
HET (20%) | WR (20%)

* For this cluster, three smaller clusters with estimnary distances of 0.02, 0.067 and 0.028 weimt jas all patients were epidemiologically

linked, therefore the reported overall evolutionaligtance is higher than the threshold of 0.85 meed in the Methods section.




a) Overall RAVs frequencies b) NS3 RAVs frequencies

n (tota| Sequences) 0% 5% 10% 15% 20% 25% 30% 35% n
13 (42) G1A NS3 RAVs 31,0% 1 1686 h 1,5%
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1 117H - 3,0%
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0(58) G1BNS3and NS5RAVs* | 0,0% 128V 539
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a) Genotype 1 a b) Genotype 1 b
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