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ABSTRACT
Mixed hepatitis C virus (HCV) genotype infection is emerging with improved methods of detection. It is com-
monly seen in hemodialysis patients and intravenous drug users due to repeated HCV exposure and absence of
protective immunity, and can contribute to treatment failure. Direct-acting antiviral regimens have been exten-
sively studied in patients with different individual HCV genotypes; however, there are no reported data on their
use in patients with mixed HCV genotype. We present a case of mixed HCV genotype 1a and 2 infection in a
decompensated cirrhotic patient treated successfully with sofosbuvir, ledipasvir, and ribavirin.

INTRODUCTION
Hepatitis C virus (HCV) is an enveloped positive single-stranded RNA virus that replicates in the cytoplasm using
an RNA-dependent RNA polymerase, which lacks general proofreading ability, resulting in at least 1 mutation per
replicative cycle. This frequent mutation allows for rapid acquisition of viral mutations and resistance variants.1-3

Efficacious and well-tolerated interferon-free, all oral, direct-acting antiviral (DAA) regimens have been extensively
studied in patients with individual HCV genotypes. However, there are no reported data on the use of DAAs in
patients with mixed HCV genotype.

CASE REPORT
A 58-year-old man with history of intravenous drug and alcohol abuse, seizure disorder, and chronic HCV infection
(treatment naïve) with decompensated cirrhosis, model for end-stage liver disease (MELD) 10, and Child-Turcotte-
Pugh class B, complicated by bleeding esophageal varices status after banding and nadolol, and hepatic encephal-
opathy on lactulose, presented to the liver clinic for HCV treatment evaluation. Other medications included levetir-
acetam, carbamazepine, and omeprazole. Physical exam revealed anicteric sclera, spider angiomata, and palmar
erythema. Abdominal examination was benign with no overt ascites. There was no asterixis. Initial laboratory
studies showed HCV genotype 1a and 2, HCV viral load 2,100,000 IU/mL, negative HIV antibody, white
blood cell count 6,000/mL, hemoglobin 11.5 g/dL, platelets 227 K/mL, aspartate aminotransferase 49 U/L,
alanine aminotransferase 35 U/L, alkaline phosphatase 122 U/L, total bilirubin 1.5 mg/dL, albumin 3.1 g/dL,
creatinine 0.86 mg/dL, and international normalized ratio 1.2.

The patient was started on sofosbuvir 400 mg, ledipasvir 90 mg, and ribavirin 200 mg daily (dose adjusted as toler-
ated) for 24 weeks. He was compliant and denied any side effects, and he remained clinically stable. Hemoglobin
remained above 10 mg/dL during the treatment period. The patient had negative HCV viremia and normal liver
function tests at treatment weeks 4, 12, and 24. The patient missed lab work at 12 weeks after treatment and had

ACG Case Rep J 2017;4:e16. doi:10.14309/crj.2017.16. Published online: February 1, 2017.

Correspondence:Ming Valerie Lin, Brigham andWomen's Hospital, Division of Gastroenterology, Hepatology and Endoscopy, 75 Francis Street, Boston, MA
02115 (mvlin@partners.org).

Copyright: © 2017 Ahmed Sakr et al. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0.

ACG Case Reports Journal / Volume 4 acgcasereports.gi.org 1

ACGCASE REPORTS JOURNAL

mailto:mvlin@partners.org


undetectable HCV viral load at 24 weeks after treatment,
indicating that sustained virologic response (SVR) had been
achieved. Post-treatment MELD was 7.

DISCUSSION
Mixed HCV genotype infection is defined as the detection of
multiple genetically distinct HCV strains at a single time point
as a result of either coinfection or superinfection.4,5 The
reported prevalence and incidence of mixed genotype HCV
infection range from 0% to 39% and 25.3%, respectively.4,6

Mixed genotype HCV infection is more commonly encoun-
tered in patients with repeated risk exposures such as hemo-
dialysis patients, intravenous drug users, and multitransfused
patients (eg, hemophiliacs).7

The traditional line-probe genotyping detects less than 5% of
the minor HCV variants (minor variation in viral sequence)
and likely contributes to the underestimation of mixed
genotype HCV infection.4 Novel methods of HCV geno-
typing, such as polymerase chain reaction, Sanger, and
next-generation sequencing, elevate the detection rate of
genotypes and variations. This allowed us to identify mo-
lecular clonal sequences at a much lower concentration
and sequencing millions of DNA strands in parallel.4

Hepatitis C virus genotyping is a standard practice prior to
HCV treatment initiation; however, the use of advanced gen-
otyping methods should be considered throughout treatment
of high-risk individuals because underlying mixed HCV infec-
tion can contribute to treatment failure. This has been dem-
onstrated by several case reports of treatment failure with a
different HCV genotype strain without an apparent risk of
reinfection.4,8 Repeated HCV genotyping should also be con-
sidered in patients with ongoing risk of HCV exposure, espe-
cially if there is a viral breakthrough during treatment. If the
same subtype as the initial infection is detected, Sanger
sequencing would be helpful in discriminating relapse from
reinfection.4

The HCV RNA sequence is 9.6 kb long and encodes a single
polyprotein that is cleaved into 3 structural proteins (core, E1,
and E2) and 7 nonstructural (NS) proteins (p7, NS2, NS3,
NS4A, NS4B, NS5A, and NS5B). The viral NS3/4A protease
cleaves the HCV polyprotein at downstream junctions. NS4B
and NS5A appear to play key roles in replication. The virus-
specific enzymatic functions of the NS3/4A protease and the
NS5B RNA-dependent RNA polymerase have made them the
focus of initial DAA development.9

Between 2001 and 2011, the standard of care for patients with
chronic HCV infection was the combination of pegylated
interferon and ribavirin. This yielded a SVR rate of 40–50% in
genotype 1 infection and 70–80% in genotype 2 and 3 infec-
tions. The first DAA was approved by the U.S. Food and Drug

Administration in 2011. It consisted of boceprevir and telapre-
vir (NS3/4A protease inhibitor) in combination with pegylated
interferon and ribavirin for genotype 1 infection.9,10 The first-
generation DAAs increased the SVR rate to 60–70%.10 In
December 2013, sofosbuvir (NS5B polymerase inhibitor) was
approved. It was recommended to be used with pegylated
interferon and ribavirin for 12 weeks in genotype 1 and geno-
type 4 infections, and with ribavirin alone for 12 weeks in ge-
notype 2 and for 24 weeks in genotype 3.10 As of October
2015, ledipasvir (NS5A inhibitor) was approved and has since
been recommended for use in combination with sofosbuvir
for patients with genotype 1 and 4-6 infections.11 Grazoprevir
(NS3/4A protease inhibitor) and elbasvir (NS5A inhibitor)
with or without ribavirin for 12 or 18 weeks in patients with ge-
notypes 1, 4, and 6 were recently approved in January 2016. It
is the first DAA regimen that can be used in patients with re-
nal failure.12 The current DAA regimens have even higher
SVRs of more than 80–90%, depending on the genotype. The
currently available DAAs are still genotype-specific with most
of the drugs potent against genotype 1. There have been sev-
eral clinical trials published recently reporting high efficacy
and safety of sofosbuvir and a pangenotypic NS5A inhibitor,
velpastasvir, in mixed patient populations (eg, treatment
experienced and cirrhotic) with HCV genotype 1-6 infections.
The treatment efficacy was greater than 90% in most circum-
stances. It was also noted to be well tolerated with minimal
side effects.13-15 The approval of pangenotypic treatment
would simplify and streamline HCV treatment and address
the emergence of mixed HCV genotype infection. However,
until it becomes available, patients with mixed HCV genotype
would still benefit from genotype-specific treatment to avoid
liver disease progression.

DISCLOSURES
Author contributions: All authors wrote the article. MV Lin is
the article guarantor.

Financial disclosure: None to report.

Informed consent was obtained for this case report.

ReceivedJanuary23, 2016;AcceptedMay9,2016

REFERENCES
1. Lindenbach DB, Evans MJ, Syder AJ, et al. Complete replication of hep-

atitis C virus in cell culture. Science. 2005;309:623–6.
2. Duffy S, Shackelton LA, Holmes EC. Rates of evolutionary change in

viruses: Patterns and determinants.Nat Rev Genet. 2008;9:267–76.
3. Zoulim F, Chevallier M, Maynard M, Trepo C. Clinical consequences of

hepatitis C virus infection. RevMed Virol. 2003;13:57–68.
4. Cunningham EB, Applegate TL, Lloyd AR, Dore GJ, Grebely J. Mixed

HCV infection and reinfection in people who inject drugs–impact on
therapy.Nat RevGastroenterol Hepatol. 2015;12:218–30.

5. Blackard JT. HCV superinfection and reinfection. Antivir Ther. 2012;17:
1443–8.

Ahmed Sakr et al DAA Therapy in Mixed HCV Genotype Infection

ACG Case Reports Journal / Volume 4 acgcasereports.gi.org 2



6. Pham ST, Bull RA, Bennett JM, et al. Frequent multiple hepatitis C virus
infections among injection drug users in a prison setting. Hepatology.
2010;52:1564–72.

7. Giannini C, Giannelli F, Monti M, et al. Prevalence of mixed infection by
different hepatitis C virus genotypes in patients with hepatitis C virus-
related chronic liver disease. J Lab Clin Med. 1999;134:68–73.

8. Asselah T, Vidaud D, Doloy A, et al. Second infection with a different
hepatitis C virus genotype in a intravenous drug user during interferon
therapy.Gut. 2003;52:900–2.

9. Fusco DN, Chung RT. Novel therapies for hepatitis C: Insights from the
structure of the virus.Annu RevMed. 2012;63:373–87.

10. Yau AH, Yoshida EM. Hepatitis C drugs: The end of the pegylated
interferon era and the emergence of all-oral interferon-free antiviral
regimens: A concise review. Can J Gastroenterol Hepatol. 2014;28:
445–51.

11. Kohli A, Kapoor R, Sims Z, et al. Ledipasvir and sofosbuvir for hepatitis C
genotype 4: A proof-of-concept, single-centre, open-label phase 2a
cohort study. Lancet Infect Dis. 2015;15:1049–54.

12. Alric L, Bonnet D. Grazoprevir þ elbasvir for the treatment of hepatitis
C virus infection. Expert Opin Pharmacother. 2016;17:735–42.

13. Feld JJ, Jacobson IM, Hézode C, et al. Sofosbuvir and velpatasvir for HCV
genotype 1, 2, 4, 5, and 6 infection.NEngl JMed. 2015;373:2599–2607.

14. Foster GR, Afdhal N, Roberts SK, et al. Sofosbuvir and velpatasvir for
HCV genotype 2 and 3 infection.N Engl J Med. 2015;373:2608–17.

15. Curry MP, O'Leary JG, Bzowej N, et al. Sofosbuvir and velpatasvir
for HCV in patients with decompensated cirrhosis. N Engl J Med.
2015;373:2618–28.

Ahmed Sakr et al DAA Therapy in Mixed HCV Genotype Infection

ACG Case Reports Journal / Volume 4 acgcasereports.gi.org 3


