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Abstract 
Context and Aim: Direct-acting antivirals are the therapeutic revolution in 
the management of viral hepatitis C, but often with a few cases of failure. The 
aim of this study was to identify factors that may be implicated in the failure 
of direct-acting antiviral therapy in patients with hepatitis C virus in Ivory 
Coast. Methodology: This was a cross-sectional and descriptive study with a 
retrospective compendium of data from the year 2016 to the year 2018. This 
study included all patients with chronic viral hepatitis C, patients naive to an-
tiviral treatment, or pre-treated patients in whom a failure to treatment with 
direct-acting antiviral has been diagnosed. Results: During the study period, 
5 patients out of 14 cases of therapeutic failure were included, i.e. 35.71%. 
Most of the patients were over 50 years (4 out of 5) and predominantly female 
(3 out of 5). High blood pressure was the most common comorbidity (3 out 
of 5 patients). Genotype 1 was found in 4 patients versus 1 case of genotype 2. 
None of the patients had hepatitis B or HIV coinfection. A viral load > 6log 
was found in 4 patients at baseline. All our patients had hepatic cytolysis. 
Two of them were cirrhotic. All 4 cases of genotype 1 benefited from the 
combination sofosbuvir + ledipasvir for 12 weeks and the case of genotype 2 
from the combination sofosbuvir + ribavirin for 24 weeks. The resistance 
mutations were observed mainly on the sequencing of NS5A at the Y93H, 
L31M, 28L, 30T, 31V, 58S and 93H genes and a case of mutation on the N3 
gene sequencing. Conclusion: Age > 50 years, comorbidities (high blood 
pressure), polymedication, female gender, genotype 1b, viremia > 6log, and 
cytolysis were the profile of patients with treatment of HCV by direct-acting 
antiviral failure. 
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1. Introduction 

Infection with the hepatitis C virus is a public health problem due to its preva-
lence, morbidity and mortality. It is a cosmopolitan affection with geographical 
disparities. It affects about 71 million people worldwide, making it one of the 
leading causes of chronic liver disease [1] [2]. There are approximately 399,000 
deaths each year due to cirrhosis of viral hepatitis C origin and its complications 
[2] [3]. The prevalence of hepatitis C virus infection in the African region is es-
timated at about 1% of the population (11 million inhabitants) with a peak fre-
quency in North Africa especially in Egypt [2] [4]. In Ivory Coast it is estimated 
at 5% [5] [6]. There is still no vaccine against the hepatitis C virus. Control of 
this pandemic and its complications requires strict adherence to preventive 
measures and hepatitis C antiviral treatment in infected patients. The main ob-
jective of this treatment is the cure of HCV infection, i.e. the achievement of a 
sustained virological response (SVR) defined by undetectable HCV viral load 12 
weeks (SVR12) or 24 weeks (RVS24) after the end of treatment [1]. A few years 
ago, the treatment was based on the combination of therapy pegylated interferon 
(PegIFN) and ribavirin (RBV). In view of the low success rate associated with 
the numerous side effects that are not always easy for the practitioner to manage, 
a new therapeutic class was introduced in 2014: direct-acting antivirals [7]-[12]. 
Their action on the HCV genome results in a high sustained virological response 
rate, shorter treatment times, and fewer side effects [6]. However, their high cost is 
a barrier to their access in countries with limited resources such as Ivory Coast. 

In addition, failures to treatment with direct-acting antiviral (DAA), although 
rare, have been observed [7]. These failures will lead to the emergence of resis-
tance mutations resulting in reduced efficacy of some combination regimens of 
DAAs [6] [10] [12]. In the absence of the potential causes of failure (nonobser-
vance, drug interactions, premature discontinuation, non-optimal regimen), it is 
recommended to perform a test for resistance mutations in order to readjust the 
treatment [13]. The high cost and inaccessibility of resistance mutation testing in 
Ivory Coast, likewise other low-income countries, limits its prescription by many 
practitioners in cases of non-response or relapses following hepatitis C antiviral 
treatment by DAAs. No studies have been done on the failure of direct-acting 
antiviral therapy in patients with HCV in sub-Saharan Africa. In Ivory Coast, 
direct-acting antivirals were introduced into the hepatitis C therapeutic arsenal 
in 2015. We observed resistance among patients receiving this treatment in the 
hepatogastroenterology department of Abidjan. We therefore consider it op-
portune to focus on this problem of failure of hepatitis C treatment by these 
last-generation molecules, the objective being to describe the clinical and parac-
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linical profile of patients who have failed treatment with the hepatitis C virus. 

2. Patients and Methodology 

It was a cross-sectional and descriptive study with a retrospective collection of 
data from 1 January 2016 to 1 September 2018 in public and private medical fa-
cilities in Abidjan. Included in this study were all patients with chronic viral he-
patitis C, patients naive to antiviral treatment, or pre-treated and receiving di-
rect-acting antiviral treatment during the study period. Only patients who have 
failed diagnosis of direct-acting antivirals have been selected for any genotype or 
stage of fibrosis. Not included in this study: 
• Patients with chronic viral hepatitis C treated with direct-acting antivirals 

presenting treatment failure but declined to participate in the study. 
• Patients with chronic viral hepatitis C treated with direct-acting antivirals 

who were not observant with the treatment. 
• Patients with viral hepatitis C treated with direct-acting antivirals who have 

failed treatment but who have not performed a resistance mutation test.  
All genotypes of the hepatitis C virus were involved regardless of the stage of 

liver fibrosis of the patient. The failure of direct-acting antiviral treatment was 
defined as follows [12]: 

Non-responders: decrease in viral load < 2log at 12 weeks of treatment—slow 
responders: viral load drops significantly >2log at 12 weeks of treatment but detecta-
ble during treatment and detectable at 24 weeks of treatment-responders-escapers or 
escape: the viral load becomes undetectable during treatment but detectable at the 
end of treatment-relapsing responders: the viral load becomes undetectable at the 
end of treatment but it reappears 3 to 6 months after it is stopped.  

The therapeutical regimens available and used in Ivory Coast at the time of 
the study were:  

1) Sofosbuvir 400 mg (SFV) combined with Ribavirin 400 mg (1000 mg if the 
weight of the patient < 75 kg and 1200 mg if the weight of the patient > or equal 
75 kg (RBV);  

2) Sofosbuvir 400 mg combined with Ledipasvir 90 mg (LDV) in fixed com-
bination;  

3) Sofosbuvir 400 mg combined with Daclastavir 30 to 60 mg—Sofosbuvir 400 
mg combined with Velpatasvir 100 mg in fixed combination.  

The follow-up for the evaluation of the effectiveness during the treatment was 
carried out by the transaminase monitoring and the hepatitis C viral load at 4 
weeks and at the end of treatment, then after the end of treatment with trans-
aminase monitoring and viral hepatitis C viral load at 12 weeks and at 24 weeks. 
The tolerance of treatment was monitored by biologic followal (hemogram and 
serum creatinine at M1, M3 and M6). Resistance mutation research was carried 
out in 2 different laboratories in France (Laboratory of virology of the University 
Hospital of DIJON and Cerba Pasteur Paris). The molecules tested were the fol-
lowing: anti NS5A (Daclastavir, Ledipasvir, Ombitasvir, Pibrentasvir, Velpatas-
vir, Elbasvir), anti NS5B (Sofosbuvir, Dasabuvir) and anti NS3 (Simeprevir, Pa-
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ritaprevir, Grazoprevir, Glecaprevir, Voxilaprevir). The Data collection was car-
ried out using a pre-established form by consulting the medical file of each case 
and the assessments made during the treatment. The data was collected under 
Windows 8 using Microsoft Office Word 2010 software.  

The research was done according to the principles of Helsinski’s statement. 

3. Results 

From January 1, 2016 to September 1, 2018, we identified 14 cases of treatment 
failure with direct-acting antiviral including 11 patients infected with genotype 1 
and 3 patients with genotype 2. Patients included are those who were observant 
to direct-acting antiviral drug therapy and having undergone a resistance muta-
tion test, i.e. 5 patients (35.71%). Patients were predominantly women (3 out of 
5) with an average age of over 50 years. Genotype 1b was the predominant ge-
notype (4 out of 5 patients) and no patient had HBV-HIV coinfection. The ma-
jority of patients (4 out of 5) had a viral load > 6log at recruitment. Two of our 
patients had cirrhosis (F4) before direct-acting antiviral therapy, two had fibrosis 
F2, and one had F1. Only one patient was pre-treated before direct-acting anti-
viral therapy. Sofosbuvir and Ledipasvir was the predominantly used therapeutic 
combination (in 4 out of 5 patients). Two drugs that may interact with di-
rect-acting antiviral drugs have been noted (a Proton Pump Inhibitor and a Cal-
cium channel Inhibitor). According to the characteristics of the resistance muta-
tion tests, the mutation was greater on the NS5A gene observed in 4 out of 5 pa-
tients (Table 1). 
 

Table 1. Cases summary. 

 Age Sex BMI G 
Viral load 

(log) 
F Statut DAA 

Posology 
DAA 

Duration 
(weeks) 

Drug inter 
Failure 

moment 
VR 
NS3 

VR 
NS5A 

Drugs resistance 

P1 42 M 18 1b 5, 3 F1 Naïve 
SOF 

+ 
LED 

400 mg/jr 
+ 

90 mg/jr 
12 No 

M6 post- 
Treatment 

none 
Y93H 

L31M+ 
LED 

P2 71 F 22 2L 6, 31 F4 Naïve 
SOF 

+ 
RBV 

400 mg/jr 
+ 

800 mg/jr 
24 No 

M6 post- 
Treatment 

none 
Not 

amplifiable 
 

P3 60 F 21 1b 6, 15 F2 Naïve 
SOF 

+ 
LED 

400 mg/jr 
+ 

90 mg/jr 
12 No 

M3 post- 
Treatment 

none 
28L, 30T, 
31V, 58S, 

93H 

LED, DACLA, 
VELPA, ELBAS 
OMBIT, PIBR↓ 

P4 82 F 28 1d 6 F2 Naïve 
SOF 

+ 
LED 

400 mg/jr 
+ 

90 mg/jr 
12 

yes 
PPI 

During 
treatment 

(M3) 
none 

28V, 30A, 
93N 

LED, DACLA, 
ELBAS 

VELPA↓, PIBR↓ 

P5 56 M 28 1b 6, 43 F4 
Pre- 

Treated 

SOF 
+ 

LED 

400 mg/jr 
+ 

90 mg/jr 
12 

yes 
CCI  

(amlodipin) 

Non- 
responders 

(Q80k) 
Q24k, 
L28T, 
R30S 

LED, DACLA, 
ELBAS 

OMBIT, SIMEP, 
VELPA↓ 

Patients with DAA treatment failure haven made mutation resistance test characteristics. Legend: P: Patient; M: Masculin; F: Feminin; BMI: Body Mass 
Index; G: Genotype; F: Fibrosis VL: Viral Load; VR: Variant Resistance; SOF: Sofosbuvir; LED: Ledispavir; RBV: Ribavirine; Dacla: Daclatasvir; ELBAS: 
Elbasvir; VELPA: Velpatasvir; PIBR: Pibrentasvir; OMBIT: Ombitasvir; SIMEP: Simeprevir; PPI: Proton Pump Inhibitor; CCI: Calcium Channel Inhibitor; 
↓: Reduce Sensiblity; Drug Inter: Drug Interaction. 
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4. Discussion 

The aim of our study was to identify the factors that may be implicated in the 
failure of direct-acting antiviral treatment in patients with hepatitis C virus in 
Ivory Coast. To our knowledge this study is a preliminary study conducted in 
sub-Saharan Africa since the advent of direct-acting antiviral therapy. The main 
limitation of our study was the size of our sample. Patients over the age of 50 
were the most concerned (4 out of 5 patients). The risk factors associated with 
this high age were comorbidities (high blood pressure) and polymedication. Our 
results agreed with those of Lawson in Ivory Coast and Gautier in France [6] 
[14]. Indeed, in their studies, all patients with treatment failure with DAAs were 
over the age of 50 years, however, the history of hypertension and polypmedica-
tion were not found or mentioned for their patients. Female patients were the 
most represented (3 out of 5 cases). Lawson in his Ivory Coast study found a fe-
male predominance among patients with therapeutic failure (6 out of 11 pa-
tients). These results did not agree with most studies in France that reported a 
male predominance [6] [14] [15]. This could be explained by the fact that the 
studies of these last ones were carried out mainly on patients of Caucasian origin 
whose mode of contamination of the HCV was in majority by intravenous drug 
addiction, and the patients put under direct-acting antiviral were in male major-
ity (sex ratio was 3 men for 1 woman). Regarding the most prevalent genotype of 
resistance, genotype 1b was found in our study in 4 patients and genotype 2 in 
one patient. In the Lawson study, 6 patients out of 11 cases of direct-acting anti-
viral treatment failures were genotype 1 and 5 genotype 2 patients [6]. In other 
studies in France genotypes 4, 3, and 1a were the most common [15] [16]. This 
discrepancy can be explained by the fact that our study was carried out in Ivory 
Coast where genotypes 1 and 2 are the most frequent genotypes, unlike in 
France where we observe a decrease in genotypes 1b and 2 in favor of genotypes 
3 and 1a, and more recently genotype 4 related to African immigration and dis-
semination in drug groups [17]. The viral load at initiation was greater than or 
equal to 6log in 4 of our patients. This result is consistent with that of Lawson 
who found a viral load greater than or equal to 6log in 8 of his 11 patients who 
failed direct-acting antiviral treatment [6]. It was the same in the study by 
André-Garnier et al. who found a median viral load of 6.12 log [15]. In the lite-
rature, the association between viral load and direct-acting antiviral failure has 
only been demonstrated with the combination of Grazoprevir + Elbasvir in ge-
notype 1b and 1a patients [1]. None of our patients had benefited from this as-
sociation. Relapses were found in 3 of our patients (1 case of relapse at week 12 
post treatment and 2 cases at week 24). In a study done in Japan by Omata et al., 
relapses were at the origin of all the therapeutic failures [17]. The same was true in 
Lawson’s studies (4 cases of relapse at week 12 post-treatment and 7 cases at week 
24 post-treatment) and Chas (13 cases of relapse in 15 cases of treatment failure) 
[6] [8]. We recorded a case of therapeutic escape and a case of non-response to 
treatment in our study. These 2 patients have in common the fact of taking con-
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comitantly drugs that can interact with direct-acting antiviral drugs. This could 
explain the early finding of treatment failure. Chas and Laroche also noted in 
their study a case of therapeutic escape without the reasons for their occurrence 
being explained [8] [18]. None of the patients in our study had HCV-HIV or 
HCV-HBV coinfection. In the Chas study, 12 out of 15 patients with 80% had 
co-HCV-HIV infection [8]. This difference with our results could be explained 
by the fact that his study was done in an infectious diseases department where 
most patients were generally followed for an immunodepression to HIV. A fi-
brosis stage less than or equal to F2 was found in 3 of our patients, and 2 of them 
were at a stage of cirrhosis (F4). One of our cirrhotic patients had a Child Pugh 
Turcott score on A5 and the other had a Child Pugh Turcott score on B9. These 
results are superimposable to those of Chas, who found that among the patients 
who failed treatment 7 out of 15 patients, or 46.7% were cirrhotic (fibrosis stage 
= F4) [8]. Cirrhosis has been identified as a predictor of failure with interferon 
unlike direct-acting antiviral [19]. All our patients had hepatic cytolysis of be-
tween 1 and 2 times normal. Regarding the treatment, 4 of our patients received 
the combination of sofosbuvir + ledipasvir for 12 weeks and one patient had re-
ceived the sofosbuvir + ribavirin combination for 24 weeks. These treatments 
were instituted according to AFEF recommendations according to the period in 
which his patients were treated [13]. Only one patient had received prior treat-
ment with pegylated interferon combined with ribavirin, unlike the Gautier 
study, where most patients who failed treatment (3 out of 4) were pretreated 
[14]. Lawson reported that 57.1% of failed patients were pretreated [6]. It was the 
same in the study done by André-Garnier et al., 4 patients out of 7 patients with 
treatment failure by direct-acting antiviral were pre-treated [15]. Indeed, several 
authors have shown that the administration and the withdrawal of alpha inter-
feron profoundly modify the nature of circulating species of HCV. These changes 
were the result of successive genetic shifts, secondary to changes in the environ-
ment in which the virus replicates during treatment, resulting in many muta-
tions [20] [21]. It is well known that resistance-associated substitutions in HCV 
genomes failing treatment have significantly negative effects on the efficiency of 
reprocessing with direct-acting antiviral [7]. Two of our patients treated with the 
combination sofosbuvir + ledipasvir were concomitantly taking certain known 
drugs such as proton pump inhibitors and calcium channel blockers (amlodi-
pin), which may be responsible for a drug interaction that may explain the fail-
ure of these drugs. Terrault et al. reported in their study a decrease in the sus-
tained virological response rate in patients receiving high-dose proton pump in-
hibitors [22]. In our study, the sequencing of NS5B strains of our failed patients 
found no mutation. André-Garnier and co. in their study had not found a muta-
tion when sequencing the NS5B gene from strains of failed patients [15]. In the 
literature resistance to NS5B inhibitors is rare before treatment and sofosbuvir 
has a high resistance barrier after treatment. The selection of variants resistant to 
sofosbuvir in case of failure has been exceptionally reported [13]. Sequencing of 
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NS5A found mutations in the Y93H, L31M, 28L, 30T, 31V, 58S and 93H genes 
in our study. The study by André-Garnier et al. found a mutation of the Y93N 
gene during NS5A sequencing [15]. These data are superimposable to those in 
the literature, which states that the variants selected during the sequencing of 
NS5A inhibitors have a significant “fitness” (replication capacity of mutant vi-
ruses) that could persist for several years and end up in position 28, 30, 31 and 
93 [13]. In the literature, the frequency of resistant variants (except the Q80k va-
riant) during NS3 sequencing was found in 0.1% to 3.1%, and the Q80 k variant 
was mainly detected in genotype 1a patients [13]. This was the case in our study 
where of the 5 failed patients, 4 patients did not show mutant variants, and Q80 
k was the only variant found in one of them. The results of the resistance muta-
tion tests of the 4 patients who failed an NS5A inhibitor, in this case ledipasvir, 
had selected not only resistant variants, but also had cross-resistance between 
antivirals with the same target of action. This characteristic of resistance is also 
illustrated in the study by Alidjounou et al. [13] [23]. 

5. Conclusion 

Patients with viral hepatitis C likely to have treatment failure had the following 
clinical and para-clinical profile: age of patient over 50, comorbidities (high 
blood pressure) and polypharmacy, female sex, genotype 1b, higher viral load at 
6log IU/ml, transaminases elevated at initiation of treatment (between 1 and 2 
times normal), drug interactions (PPI, Amlodipine), pre-treated patients (pegy-
lated interferon + ribavirin), genetic mutations at positions 28, 30, 31 and 93 on 
the viral genome including the NS5A domain, and mutations of the Q80K gene 
on the viral genome including the NS3 domain. It would be important to carry 
out this same work on a larger sample in order to properly document the cha-
racteristics of these failures and to implement the preventive measures of these 
and thus improve the current rates of virological effectiveness of already very 
high direct-acting antiviral therapy. 
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