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Supplementary Text 1 

Ultra-deep-sequencing and libraries preparation 

To prepare indexed libraries of NS5A gene from each sample for sequencing on MiSeq 
platforms, 10 μL HCV-RNA genomic was reverse-transcribed and amplified using SuperScript III 
One-Step RT-PCR System (Invitrogen, Life Technologies, Carlsbad, CA, USA) for a final volume of 
50 μL and with an eventual Nested-PCR as previously described [1].  

NS5A amplicon produced were purified using AMPure XP magnetic beads (Beckman Coulter, 
Brea, CA, USA) and quantified with Qubit HS dsDNA Assay Kit (Life Technologies, Carlsbad, CA, 
USA).  After, from each sample 1 ng of amplicon produced was involved in a tagmentation reaction 
by Nextera XT DNA Library Kit (Illumina Inc, San Diego, CA, USA). Unique combination of an i5 
and an i7 index primer was then added to each tagmented DNA sample. The index primers were 
attached to each sample via PCR cycles according to manifacture. Thereafter, the library obtained for 
each patient was purified again to remove very short library fragments and quantified to calculate 
the molar concentration. All libraries were normalized at 4 nM as final concentration and then were 
pooled in 5 μL. Finally, 15pM of pool denatured was sequenced using MiSeq Nano reagent kit v2 
(2×250) paired end on Illumina MiSeq, using 6% of PhiX V3 (15 pM) as an internal control library. 
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Supplementary Text 2 

Shannon Entropy Estimation 

For each patient, the Shannon Entropy weighted for the intra-patient prevalence of viral species 
(Sn) was estimated for each NS5A amino acid position. 

Considering the relative frequency of each amino acid 𝑝  in the viral population, the IC 
expressed in bit units, is obtained by: 

𝐼𝐶 = 𝑙𝑜𝑔 (20) + 𝑝 𝑙𝑜𝑔 (𝜋) = 4.32 + 𝑝 𝑙𝑜𝑔 (𝜋) 

where 𝜋 was calculated as  K/m, where m is the length of the haplotype, K is indicative of 
the observed viral population diversity: 

 

with wi and wj being the population frequency of the i-th and j-th haplotype, di,j being the 
amino acid differences between haplotype I and J, and n the number of haplotypes.  
Sn values close 0 indicate the presence of single haplotype while values close 1 represent the 
presence of >1 haplotype with the same intra-patient prevalence. This parameter was used 
to defined a NS5A heterogeneity. 

A position, in which only a unique amino acid occurs, has an IC of 4.32 bits. IC values close to 0 
indicate the ideal condition in which all the 20 amino acids were detected at equal frequency (5%) at 
a specific position, and thus the highest degree of genetic-variability at a given position.  

The above-mentioned formula was based on Ramirez et al. [2].  
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Supplementary Figure 1. NS5A nucleotide sequence variability (%) Acute vs Chronic. Difference 
between acute onco-hematologic (OM) infected patients, acute β-thalassemia (BT) infected patients 
and chronic β-thalassemia infected patients in Nucleotide-sequence-variability at different cut-off; p-
value between AcuteOM vs AcuteTM  and AcuteTM  vs ChronicTM  was calculated by Mann-
Whitney U Test; p-value among AcuteOM, AcuteTM  and ChronicTM was calculated by Kruskal-
Wallis. Panel A: nucleotide sequence variability at 1%; Panel B: nucleotide sequence variability at 2%; 
Panel C: nucleotide sequence variability at 5%; Panel D: nucleotide sequence variability at 10%; Panel 
E: nucleotide sequence variability at 15%. 

Supplementary Table 1.  Common patterns at different next-generation-sequencing cutoff. . 

Cluster  Patterns (cutoff 1%)  

Cluster 1 K6R, S17T, K26R, L34V, L37F, K78R, Y93H, V164E, V174T, Q176M  

Cluster 2  S3T, K6R, S17T, L34V, K44R, Q54H, T64A, H85R, T122V, V124GV, V138L, 
R157Q, V164A, V174T 

Cluster 3  K6R, S17T, L34V, L37F, Q54H, K78R, V164A, V174T  

Cluster 4  
K6R, S17T, R30Q, L31M, L34V, L37F, Q54H, K78R, Y93H, R123Q, V124I, M133V, 
V164A, E171Q, V174T, Q176L, A197T, L199V  

Cluster 5   K6R, S17T, L34V, L37F, T83M, V138I, V164A, V174T, A197T  

  Patterns (cutoff 5%) 

Cluster 1 K6R, S17T, K26R, L34V, L37F, K78R, Y93H, V174T, Q176M  

Cluster 2  S3T, K6R, S17T, L34V, K44R, Q54H, T64A, H85R, T122V, V138L, R157Q, V164A, 
V174T 

Cluster 3  K6R, S17T, L34V, L37F, Q54H, K78R, V164A, V174T  

Cluster 4  
K6R, S17T, R30Q, L31M, L34V, L37F, Q54H, K78R, Y93H, R123Q, V124I, M133V, 
V164A, E171Q, V174T, Q176L, A197T, L199V 

Cluster 5   K6R, S17T, L34V, L37F, T83M, V138I, V164A, V174T, A197T  

  Patterns (cutoff 15%) 

Cluster 1 K6R, S17T, K26R, L34V, L37F, K78R, Y93H, V174T, Q176M 

Cluster 2  
S3T, K6R, S17T, L34V, K44R, Q54H, T64A, H85R, T122V, V138L, R157Q, V164A, 
V174T 

Cluster 3  K6R, S17T, L34V, L37F,K78R, V164A, V174T  

Cluster 4  K6R, S17T, R30Q, L31M, L34V, L37F, Q54H, K78R, Y93H, R123Q, V124I, M133V, 
V164A, E171Q, V174T, Q176L, A197T, L199V 

Cluster 5   K6R, S17T, L34V, L37F, T83M, V138I, V164A, V174T, A197T 

Resistance associated substitutions are highlighted in bold. 
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