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The First Description of Non A non B Hepatitis
in Blood Transfusion Recipients

Feinstone SM, Kapikian AZ, Purcell RH: Hepatitis A: detection by immune electron microscopy of a viruslike antigen associated with acute illness. Science 1973, 182(4116):1026-1028. 
Alter HJ, Holland PV, Morrow AG, Purcell RH, Feinstone SM, Moritsugu Y: Clinical and serological analysis of transfusion-associated hepatitis. Lancet 1975, 2(7940):838-841. 
Alter HJ, Holland PV, Purcell RH: The emerging pattern of post-transfusion hepatitis. Am J Med Sci 1975, 270(2):329-334. 
Alter HJ, Purcell RH, Holland PV, Popper H: Transmissible agent in non-A, non-B hepatitis. Lancet 1978, 1(8062):459-463.

By Courtesy of Prof A. Craxì

It was soon recognized that the exclusion of HBV antibody-positive blood donors prevented only 20% of post-
transfusion associated hepatitis. Thus, the remaining 80% of cases appeared to be unrelated to HBV infection. This
new form of on “non-B” hepatitis became increasingly prevalent and it differed in the clinical manifestations it
caused. While HBV-associated hepatitis had a long incubation period and often presented with severe acute 
symptoms, the “non-B” serum hepatitis had shorter incubation period and milder symptoms during the acute phase

Feinstone SM, Kapikian AZ, Purcell RH, Alter HJ, Holland PV: Transfusion-associated hepatitis not due to viral
hepatitis type A or B. N Engl J Med 1975, 292(15):767-770. 



Choo et al, Science 1989;244:359–362. Kuo et al, Science 1989;244:362–364

HCV discovery:  one of the most significant 
biomedical breakthroughs in the last 30 years

This discovery has facilitated the development of effective diagnostics, blood
screening tests and the elucidation of promising drug and vaccine targets to control
this global pathogen and save the lives of millions of people around the world….

Michael Houghton
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IDENTIFICATION OF HEPATITIS C VIRUS (HCV)

The Discovery of the Hepatitis C Virus and Development 
of a Serological Assay

By Courtesy of Prof A. Craxì



The Hepatitis C Virus

• + SS RNA 9.6 Kb
• Flaviviridae family
• Hepacivirus genus
• High error rate during 

replication leads to the 
formation of quasispecies

By Courtesy of Prof A. Craxì



https://www.nobelprize.org/prizes/medicine/2020/advanced-information/



2016 Lasker~DeBakey Clinical Medical Research Award



Jens Bukh J Hepatol, 2016

HCV variants: 7 main genotypes and at least 67 subtypes

31%–33 nucleotide difference
among the 7 known HCV genotypes
and 20%–25% among the > 67 HCV
subtypes (Smith et al., 2014).



• The origin of the primate Flaviviridae could be as ancient as the differentiation of primate species some 35
million years ago.

• HCV could have been coevolving with human populations during their migration out of Africa within the
past 100,000 to 150,000 years, but the current HCV genotypes appeared much more recently.

• A study suggested that types 6 and 4 could have originated 700 years and 350 years ago, respectively, 
whereas subtypes 1a and 1b could have arisen less than 100 years ago.

• HCV started its epidemic spread in 1900, and expanded globally after World War II

HCV: an old foe

Pybus et al Science 2001



Hepatitis C is one of the most pressing health emergencies worldwide

The global prevalence of viremic HCV infection has been estimated at 1*-3%, which equates to 62*-170**
million people. >350,000 mortality cases each year for HCV chronic disease related

**Messina JP, Hepatology 2014

*Manns et al Nature Rev 2017

The World Health Organization (WHO) estimates that during 2019 
•296 million people worldwide are living with hepatitis B

•58 million people worldwide are living with hepatitis C

•1.5 million people were newly infected with chronic HBV

•1.5 million people were newly infected with chronic HCV

Both hepatitis B and hepatitis C can lead to lifelong infection. WHO estimates that 1.1 million
deaths occurred in 2019 due to these infections and their effects including liver cancer, cirrhosis, 
and other conditions caused by chronic viral hepatitis

Key Facts

World Health Organization. Global progress report on HIV, viral hepatitis and sexually transmitted infections, 
2021. Available at: https://www.who.int/publications/i/item/9789240027077external icon.

https://www.who.int/publications/i/item/9789240027077


The long-term persistence of HCV infection is unique 
among RNA viruses that replicate without a DNA form

Pereira A A and Jacobson I M 
Nat Rev Gastroenterol Hepatol, 2009 

•Unlike DNA viruses or retroviruses that are classically 
associated with latency no episomial or integrated form of 
HCV has been demonstrated

•HCV replication occurs only in cytoplasm

… This makes HCV curable!!!!
Moradpour D et al., Nature 2007



(+)RNA genome

(-)RNA intermediate

(+)RNA

µ

µ

(+)RNA

(-)RNA intermediate

µ

Up to 40 replication
complexes

1-κ κ (0.77)

(+)RNA genome

Packaged and 
exported

(+)RNA genome

(+)RNA genome

New 
infection

~ 6% of the 1011

hepatocytes

θ

1-θ

Cleared

NO RNA 
degradation!!

Random lethal mutations 
in 40% of cases

µ= 2.5 ∙ 10-5/nucleotide/replication cycle 

Stable replication 
complexes

HCV Genome Variability



hivforum.org

31%–33% nucleotide difference among the 7 known HCV genotypes and 20%–25% among the nearly 67 HCV subtypes
Smith et al., 2014

HCV genetic variability is higher than HIV’s and HBV’s
A novel HCV GT was recently identified: GT8 is genetically
distinct from previously identified HCV GT1–7, with >30%
nucleotide sequence divergence to the established HCV subtypes.

Borgia SM et al., JID 2018



Some RASs can be highly transmissible

96% of HCV strains carrying Q80K descend from a single lineage
in which a Q80K substitution occurred in the 1940's in the USA



The better knowledge of the replication cycle of HCV 
allowed the identification of several targeted drugs  

mAbs anti-E2/CD81

miRNA
ISIS 14803 (antisense)
AVI- 4066 (antisense)
Heptazyme (ribozyme)
VGX-410C (small molecules 
IRES inhibitor) TT 033 (sIRNA)
eIF2a phosphorilation 
inhibitors: Nitazoxanide

Drugs active on viral enzymes
Drugs active on host cell enzymes

D Translation

D Post-Translation

E RNA Replication

Ploss A Gut 2012

From August 2011, Telaprevir and Boceprevir, 2 linear protease inhibitors, have 
been approved by both FDA and EMA

F Assembly         
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2014;146:430-41. 13. Lawitz E, et al. Gastroenterology 2013;144:S-151. 14. Jensen D, et al. 64th Annual Meeting of the American Association for the Study of Liver Diseases, 1-5 November 2013, Washington, DC. 15. Jacobson I, et al. 64th Annual
Meeting of the American Association for the Study of Liver Diseases, 1-5 November 2013, Washington, DC. 16. Marcellin P, et al. Gastroenterology 2013;145:790-800e3. 17. Bronowicki JP, et al. Antiviral Ther 2013;18:885-93. 18. Manns MP, et al.
Hepatology 2012;56:884-93. 19. Hezode C, et al. Hepatology 2012;56:553A- 4A. 20. Dore G, et al. J Hepatol 2013;58:S570-1. 21. Lawitz E, et al. Lancet Infect Dis 2013;13:401-8. 22. Kowdley KV, et al. Lancet 2013;381:2100-7. 23. Lawitz E, et al. 64th
Annual Meeting of the American Association for the Study of Liver Diseases. Washington, DC, 1-5 November 2013. 24. Lawitz E, et al. N Engl J Med 2013;368:1878-87. 25. Jacobson IM, et al. N Engl J Med 2013;368:1867-77. 26. Zeuzem S, et al. N Engl
J Med 2014;370:1993-2001. 27. Osinusi A, et al. JAMA 2013;310:804-11. 28. Jacobson IM, et al. 64th Annual Meeting of the American Association for the Study of Liver Diseases. Washington, DC, 1-5 November 2013. 29. Sulkowski MS, et al. N Engl J
Med 2014;370:211-21. 30. Zeuzem S, et al. N Engl J Med 2014;370:1889-9. 31. Afdhal N, et al. N Engl J Med 2014;370:1483-9. 32. Feld JJ, et al. N Engl J Med 2014;370:1594-603. 33. Zeuzem S, et al. N Engl J Med 2014;370:1604-14. 34. Ferenci P, et al.
N Engl J Med 2014;370:1983-9. 35. Poordad F, et al. N Engl J Med 2014;370:1973-82. 36. Lawitz E, et al. 64th Annual Meeting of the American Association for the Study of Liver Diseases, Washington, DC, 1-5 November 2013. 37. Gane EJ, et al.
Gastroenterology 2014;146:736-43e1.

The standard of care for HCV patients has greatly improved
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The Evolution of HCV Therapy
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Dietz J et al., Gastroenterology 2017

Despite the excellent efficacy of DAA containing 
regimens, virological failures can occur, often associated 

with development of resistance and with differences 
according to the type of regimen and HCV genotype



Data on HCV genotype, liver disease severity, and first and second line DAA regimens 
were prospectively collected in consecutive patients who reached the 12-week post-
treatment and retreatment evaluations from January 2015 to December 2016 in 23 of 
the PITER network centers.

Failure rate following the first DAA regimen in patients with advanced disease is 
similar to or lower than that reported in clinical trials (3.6%), although the majority of 
patients were treated with suboptimal regimens.

Kondili, et al Plos One 2017

Overall efficacy of different anti-HCV treatments 
in Italian real-life practice is 95-98% 



Aim at individual level
Abolishing liver disease progression
Regression of the hepatic damage
Reducing liver and non-liver complications

Aim at community level
Reduce (abolish) the spread of HCV infection
Reduce disease burden
Elimination of HCV infection

At individual level: 
treat infection/ liver
disease

At community level:  
treating infection;  
those with high 
potential
for transmission

High anti-viral effect: >95%
Great possibility to use DAAs across all spectrum of the disease
Mild-to-moderate-advanced decompensated-pre / post-transplant

Treatment of chronic Hepatitis C: 
changing the horizon



Disease Eradication vs Elimination vs Control

• Control: reduction in the incidence, prevalence,
morbidity, or mortality of an infectious disease to a
locally acceptable levels; continued intervention
measures required

• Elimination: reduction to zero of incidence in a
defined geographical area as a result of deliberate
efforts; continued intervention measures required

• Eradication: permanent reduction to zero of the
worldwide incidence of infection; intervention
measures no longer needed
– Only 1 example: smallpox

Molyneux DH, et al. Trends Parasitol. 2004;20:347-351.

……From individual health to community health perspective……
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HCV genotype was the most important baseline predictor for 
response to Peg-IFN + Ribavirin Combination Therapy

HCV genotypes
2 and 3

HCV genotype
1

HCV genotypes
4 and 6 

SVR = 78-86 %
HCV-2= 80-95%
HCV-3 Low viremia = 75-80%
HCV-3 High viremia = 60-70%

SVR = 42-52 %

SVR = 35-65 %
HCV-1 Low viremia = 50%
HCV-1 High viremia = 30-35%

The underlying functional mechanisms for lower SVR rates of the different HCV genotypes were unknown
Manns, Lancet 2001; Fried, N Engl J Med 2002; Hadziyannis, Ann Intern Med 2004; Alfaleh, Liver Int 2004



PATTERNS OF VIROLOGIC RESPONSE
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IL28B polymorphisms & hepatitis C outcome

Chromosome 19

IL28B gene
Interferon λ3

Frequency of C alleles:
-Asians: 90%
-Caucasians: 70%
-Africans: 30-50%

SNP: rs12979860 (CC, CT, TT)

Spontaneous
HCV clearance

Response to
pegIFN+RBV

Genetic polymorphism near the IL28B gene, encoding interferon λ3 is associated with an 
approximately two-three fold change in response to treatment, both among patients of 
European ancestry (P51.06310225) and African-Americans. Ge et al. Nature 2009

Ge et al. Nature 2009; 461: 399-401.
Thomas et al. Nature 2009; 461: 798-802.
Suppiah et al. Nature Gen 2009; 41: 1100-4.
Tanaka et al. Nature Gen 2009; 41: 1105-9.



Ge D et al; Nature 2009

Percentage of SVR by genotypes of rs12979860
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Future Generations: Direct-Acting Antivirals for Hepatitis C
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Critical factors determining response to 
pegIFN/RBV ± DAA

• Host factors 
– Ethnicity and race (i. e. host genetic background)
– Older age 
– Obesity and insulin resistance

• Virus factors
– Viral load
– Genetic variability 
– Viral kinetics within the first few weeks of treatment

• Stage of liver disease
• Treatment history and response
• Treatment factors (current)

– Adherence 
– Side effects
– Pharmacokinetic problems: poor drug absorption, inadequate dosing
or drug-drug  interaction



32



Treatment should be individualized:
before starting the DAA treatment

and particularly before re-treatment

From Sarrazin C et al., J Hepatol 2016

Individualiziation in terms: of treatment duration,
number of effective drugs and screening after SVR  

GT3

Real-time application of viral kinetics have the potential to 
individualize treatment  duration?



HIV versus HCV
Resistance testing during / after a failure of DAA regimen can help physicians for the best choice 

of retreatment

• HCV natural resistance estimated to be 
<1 to >10-20%, depending on
– Geographic area
– Drug class 
– Genotype/subtype

 Baseline resistance testing is not 
standard of care (except GT1a or GT3 
specific drugs)

• HCV treatment failure expected at <1 
to 10% rate, depending on 
– Virus, e.g. genotype/subtype, viral 

load 
– Patient, e.g. pretreatment, cirrhosis
– Treatment regimen and duration

• HIV transmitted drug resistance 
estimated to be <1 to 10-15%,
depending on
– Geographic area
– Drug class 

 Baseline resistance testing is standard of 
care  

• HIV treatment failure expected at <1 
to 10% rate, depending on  
– Virus, e.g. viral load 
– Patient, e.g. pretreatment, 

comorbidity
– Treatment regimen

Resistance testing at failure is standard of 
care  Resistance testing at failure is recommended 

/suggested



Figure 4. Treatment Outcome in Patients with NS5A RASs. Substitution analyses were conducted on deep sequencing data
(population sequences were not included). (a) SVR12 by specific baseline NS5A RASs and cutoff (1 percent and 15 percent) in patients
treated with ledipasvir/sofosbuvir. Sarrazin et al Gastroenterology 2016

Different impact according to specific baseline NS5A RASs 
in HCV-1 patients treated with Ledipasvir/Sofosbuvir

15% cutoff 
No RAS, SVR:

GT1a: 98%
1416/1445 pts

GT1b: 98.7%
1880/1915 pts

1% cutoff 
No RAS, SVR:

GT1a: 98.3%
1306/1329 pts

GT1b: 98.6%
1741/1770 pts

No difference
between 1% and 

15% cutoff

1a vs 1b
First-line regimen



Figure 2. SVR12 by Level of NS5A RASs in those Treated with Ledipasvir/Sofosbuvir.
Patient baseline sequences generated by population and deep sequencing were pooled (using 1 percent cutoff for deep sequencing and 
population sequencing with a substitution detection of ~15 percent). (c) SVR12 for patients with NS5A RASs with >100-fold-resistance to 
ledipasvir in treatment-naïve patients treated for 8 or 12 weeks and treatment-experienced patients treated for 12 or 24 weeks with and 
without ribavirin. * One patient experienced breakthrough due to documented noncompliance during the dosing period. LDV, ledipasvir. 
SOF, sofosbuvir. RBV, ribavirin Sarrazin et al Gastroenterology 2016

Impact of baseline NS5A RAVs with >100 fold-resistance can be 
reduced by changing the regimen (longer duration of treatment 

and inclusion of RBV) in HCV-1 patients treated with 
Ledipasvir/Sofosbuvir



Virological issues in the DAAs Era

After treatment failure: useful / recommended the 
resistance test?

[…] Currently, there is no data to firmly support
retreatment recommendations, which must be based on
indirect evidence (HCV genotype, known resistance
profiles of the administered drugs, number of drugs used,
use of ribavirin, treatment duration). Whether assessing the
sequence of the target HCV genes (HCV resistance testing)
prior to retreatment is helpful to make a decision remains
unknown, as well as which therapeutic decision should be
made based on this result.

For patients with cirrhosis or other patients who require
retreatment urgently, testing for RAVs that confer
decreased susceptibility to NS3 protease inhibitors (eg,
Q80K) and to NS5A inhibitors should be performed using
commercially available assays prior to selecting the next
HCV treatment regimen.



Overall, 96/182 patients (52.7%) showed at least one RAS 
related to the DAA-regimen at failure

RASs prevalence was significantly higher in breakthrough/non responders 32/34
(94.1%) than in relapsers 64/148 (43.2%), in patients who did not receive ribavirin
(RBV) and in patients with unfavorable IL-28 CT/TT genotype compared to patients
with favorable IL-28 CC genotype

(**) p value was calculated by Chi2 test. 
(*) In this group were considered all the patient treated with a RBV containing regimen (including also all suboptimal SOF+RBV containing 
regimen). 
(†) In this group were considered only patients treated with a recommended regimen.

Di Maio VC et al., EASL 2016; update will be presented at AASLD 2016
Published in J Hepatol. 2017 
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Aragri M et al., CMI 2020

Successful ongoing retreatment with G/P+sofosbuvir+ribavirin guided by resistance test
in a patient with HCV genotype 3 who failed G/P with both NS3 and NS5A resistance



Overall SVR12 in 110/121 (90.9%) patients completing 
post retreatment follow-up 

• 86% (48/56) SVR in cirrhotic patients
• different SVR according to GT: 85% GT1a, 92% GT1b, 92% GT2, 95% GT3, 91% GT4

SVR12: 69.2% (9/13) in SOF/VEL+RBV for 24 wks (4 failures: GT1a N=2; GT1b N=1; GT3a N=1)
SVR12: 71.4% (5/7) in SOF/VEL for 12 wks (2 failures: GT1b N=1; GT2c N=1)

Ceccherini-Silberstein, et al AASLD 2019

11/121 patients failed retreatment: 
5 with SOF/VEL/VOX and 6 with SOF/VEL±RBV



Considerations in DAA Treatment Failure

 Was initial therapy sub-optimal?
 Drug combination
 Duration
 RBV use

 Indications of other problems on treatment?
 Adherence?
 Significant drug interactions?

 Are there other baseline host/disease factors that may 
have contributed?
 Cirrhosis, especially decompensation
 IL28B, age, treatment experience, high viral load, 

baseline RASs, unusual subtype

 Re-infection as a cause of recurrent viremia?



HCV genotyping and subtyping still important for the choice and duration 
of anti-HCV drugs

EASL Recommendations on Treatment of Hepatitis C 2020



Not all RASs are equally clinical relevant

Summary of NS5A substitutions associated with resistance to NS5A inhibitors. HCV genotypes and subtypes are represented by different colors: 1a-red, 1b-blue, 2a/b/c-green, 3a-purple, 
4a/d-yellow, 5-light blue, 6-brown. Amino acid substitutions detected in vivo in DAA failing patients are underlined, independently of in vitro data information. In addition, NS5A RASs 
detected only in vitro but associated with fold-change in drug activity compared to the wild-type replicons >100 (1st generation NS5A-inhibitors,) or >3 (2nd generation NS5A-inhibitors) are also 
included in the figures. For 1st generation NS5A-inhibitors, in vivo substitutions with fold-change >100, and in vitro substitutions with fold-change > 000 are represented in bold. For 2nd

generation NS5A-inhibitors, in vivo and/or in vitro substitutions with fold-change >10 are represented in bold.

1a-red, 1b-blue, 2a/b/c-green, 3a-purple, 4a/d-yellow, 5-light blue, 6-brown

Sorbo MC , et al Drug Resistance Update 2018 
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Sorbo MC , et al Drug Resistance Update 2018 

Different impact 
according to genotype 
and subtype…..



Nguyen D et al., J. Hepatol. 2020, 73, 794–799

These findings support the new recommendations from EASL

EASL Recommendations on Treatment of Hepatitis C 2020



Background & Aims: HCV subtypes which are unusual in Europe are more prevalent in the African
region, but little is known of their response to direct-acting antivirals (DAAs). These include non-1a/1b/
non-subtypeable genotype 1 (G1) or non-4a/4d (G4). In this report we aimed to describe the genotype
distribution and treatment outcome in a south London cohortof African patients.
Methods: We identified all patients born in Africa who attendedour clinic from 2010-2018. Information
on HCV genotype, treatment regimen and outcome were obtained. Non-subtypeable samples were
analysed using Glasgow NimbleGen nextgeneration sequencing (NGS). Phylogenetic analysis was
carried out by generating an uncorrected nucleotide p-distance tree from the complete coding regions
of our sequences.
Results: Of 91 African patients, 47 (52%) were infected with an unusual subtype. Fourteen novel, as
yet undesignated subtypes (G1*), were identified by NGS. Three individuals were infected with the
same subtype, now designated as subtype 1p. Baseline sequences were available for 22 patients;
18/22 (82%) had baseline NS5A resistance-associated substitutions (RASs). Sustained virological
response (SVR) was achieved in 56/63 (89%) overall, yet only in 21/28 (75%) of those with unusual G1
subtypes, with failure in 3/16 G1*, 1/2 G1p and 3/3 in G1l. Six treatment failures occurred with
sofosbuvir/ledipasvir compared to 1 failure on a PI-based regimen. The SVR rate for all other
genotypes and subtypes was 35/35 (100%).
Conclusions: Most individuals in an unselected cohort of African patients were infected with an
unusual genotype, including novel subtype 1p. The SVR rate of those with unusual G1 subtypes was
75%, raising concern about expansion of DAAs across Africa. Depending on the regimen used, higher
failure rates in African cohorts could jeopardise HCV elimination. Childs K et al., J Hepatol 2019





Total of samples (N=3876) analyzed between 2011-2020
stratified according to gene and treatment status

Year
NS3 NS5A NS5B

DAA
Naive Failure DAA

Naive Failure DAA 
Naive Failure

2011 34 6 0 0 1 0
2012 100 86 2 0 2 0
2013 128 103 2 1 4 5
2014 122 100 83 19 84 22
2015 680 269 575 251 379 223
2016 373 326 360 332 321 324
2017 363 203 360 206 357 205
2018 217 203 210 208 214 200
2019 155 120 147 122 150 120
2020 68 28 67 30 68 27
Total 2240 1444 1806 1169 1580 1126

Last update: March 2021

Ceccherini Silberstein - Vironet C Webinar, March 2021

(N=3554 patients)
NS3 sequences (N=3684), NS5A sequences (N=2975), NS5B sequences (N=2706)



DAA Regimen DAA Response TotalRelapser Breakthrough Non responder
G/P 57 1 5 63

VEL/SOF+/-RBV 98 1 8 107
GRZ/EBV+/-RBV 97 4 5 106

SOF/VEL/VOX 6 0 4 10

Number of failures to a DAA recommended 
regimen collected in the DB VIRONET C

March 2021

DAA Regimen DAA Response TotalRelapser Breakthrough Non responder
G/P 9 0 1 10

VEL/SOF+/-RBV 27 0 2 29
GRZ/EBV+/-RBV 24 2 2 28

SOF/VEL/VOX 0 0 1 1

January 2019

Ceccherini Silberstein - Vironet C Webinar, March 2021



Dietz J et al., J of Hepatology  2021

Most VOX/VEL/SOF failure patients
were infected with HCV GT3a (n = 18, 
45%) or GT1a (n = 11, 28%) and had
cirrhosis (n = 28, 70%). 
Previous treatments included an NS3-
inhibitor (30%), an NS5A-inhibitor 
(100%) and SOF (85%).

Sequencing before and after
VOX/VEL/SOF failure showed only
minor changes for NS3 and NS5A RASs. 

VOX/VEL/SOF failure was mainly
observed in HCV GT3- and GT1a-
infected patients with cirrhosis and was
not associated with specific RAS patterns
within NS3, NS5A or NS5B target 
regions. 

Rescue treatment with multiple targeted
therapies was effective in most patients.



Dietz J et al., J of Hepatology  2021

In 22 patients, rescue treatment 
was initiated with glecaprevir, 
pibrentasvir alone (n = 2) or with 
SOF±ribavirin (n = 15), 
VOX/VEL/SOF±ribavirin (n = 
4) or VEL/SOF and ribavirin (n
= 1) for 12 to 24 weeks. 
Sustained virologic
response was achieved in 17/21 
(81%) patients with a final
treatment outcome. 

2 GT3a-infected patients had
virologic failure after rescue 
treatment with VEL/SOF or 
glecaprevir/
pibrentasvir+SOF+ribavirin, and 
2 patients with cirrhosis
died during treatment or before
reaching SVR12.



Dietz J, et al  J Hepatol. 2023

They found that low-to medium-level RASs persisted, whereas
high-level resistant RASs disappeared over time.
Different patterns of RAS persistence according to HCV 
subtype could have implications for retreatment with first-
generation DAAs and for global HCV elimination goals.

Fig. 2. Overall rate of RASs in individuals with HCV GT1 and GT3. Individuals
with RASs in (A) NS3, (B) NS5A, and (C) NS5B. The numbers given correspond to
the available NS3, NS5A or NS5B sequences. Treatment regimens: NS3 RASs:
EBR/GZR (GT1), PrOD(GT1), SMV/SOF (GT1), G/P (GT3). NS5A: LDV/SOF (GT1),
DCV/SOF (GT1, GT3), EBR/GZR (GT1), PrOD(GT1), VEL/SOF (GT1, GT3), G/P
(GT3). NS5B: PrOD. DCV, daclatasvir; EBR, elbasvir; EOT, end of treatment; FU,
follow-up; G/P, glecaprevir/pibrentasvir; GT, genotype; GZR, grazoprevir; LDV,
ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir with dasabuvir; RAS,
resistance-associated substitution; SMV, simeprevir; SOF, sofosbuvir;
VEL, velpatasvir.
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HCV genotypes/subtypes distribution within
the Italian Resistance Database VIRONET C 

Non GT1a/1b 
N=9

Non GT3a
N=13

Non GT4a/4d
N=18

Non GT2a/2b/2c
N=3

GT2c N=308

9.9% patients (N=351) were infected with “unusual” HCV subtypes 
(including the GT2c) 

Last update: March 2021

Total of samples (N=3876) 



Distribution of the 342 “unusual” HCV subtypes, 
collected within the Italian Resistance DB VIRONET-C, 

according to patients country of origin 

Di Maio et al HIVDRU October 2020



Overall, 76 patients infected with “unusual” HCV 
subtype failed a DAA regimen

38 patients failed a DAA regimen currently recommended by EASL guidelines 2020

US/EU recommended regimens from 2020

(N=2)

(N=11)

(N=22) (N=2)

(N=1)

(N=6) (N=17)

(N=14)

(N=1)

Alkhatib et al manuscript in preparation



Alkhatib et al manuscript in preparation

RASs in DAA failures infected with “unusual” HCV subtype 

Overall, all DAA failed patients displayed at least one RAS in at least one protein (NS5A, NS3, and NS5B), 
except for a solo patient infected with GT4n and treated with Ombitasvir/Paritaprevir plus ribavirin. The majority 
of the patients (88.2%) presented at least one RAS in NS5A, followed (82.0%) by presenting at least one RAS in 
NS5B, and finally 22.2% with at least one RAS in NS3. 



Conclusions

HCV genotyping and HCV resistance testing at individual level can support personalized-
treatment by increasing probabilities of response in the context of an experienced
multidisciplinary team (complexity: virus, host, clinical aspects, comorbidity, historical
therapy, DAAs available: adjustment for duration, RBV-use? choise of regimen) leading to
near 100% SVR in all patients.
Aggregation of HCV resistance tests from many HCV individuals generate information at
community level: Surveillance resistance, molecular analysis for public health intervention.

SVR rates are very high with IFN-free regimens (in both mono and co-infected HIV
populations).
However, failures can still occur. Previous failures were particularly in cirrhotic patients,
individuals infected with rare/difficult to cure subtypes, and when treatment was
suboptimal. Today with the new DAAs, highly potent with high genetic barrier with multi-
genotypic activity, few failures still may occur in cirrhotic patients but not only.

The big challenge today is to find all individuals with HCV infection, 
provide appropriate treatment to all and avoid the spread of resistance transmission 
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