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Abstract 
Over the past few decades, the race against the treatment strategies of infectious HCV has 

gained a lot of momentum. These treatments include several therapies like Ribavirin, INF-α, 

DAA based pro-drugs, vaccines, and even naturally occurring compounds like herbal extracts 

as well as scorpion venom. All of these drugs have their specialized techniques and 

methodologies of administration such as combinatorial therapies of several of these drugs 

combined that are proving highly useful and constantly evolving along with the technological 

evolution. The main problems that are associated with combating Hepatitis C include the 

phenomenon of drug resistance and highly diverse genotypes of HCV. In this review, we 

have tried to discuss the overall research on these treatment methods and their basic ups and 

downsides of each briefly. 
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Introduction * 

 
epatitis C virus belongs to the class of 

viruses known as hepacivirus of family 

Flaviviridae. Several treatment strate-

gies are available and have been applied 

successfully to combat the virus that causes the 

deadly hepatitis C in humans. These modern 

drugs and methods have been proven useful in 

more than 90% of the cases (46). The common 

therapy that has been utilized for a long time is 

the combination therapy of Ribavirin and INF-

α that was used all over the world until the 

arrival of more potent and modern medicines 

like DAA’s etc. The chronic condition of the 

Hepatitis C virus affects 2-3% population of 

the world as reported. It is highly contagious 

and is transmitted to others via blood and other 

body fluids. It progresses from acute to a 
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chronic stage spontaneously and its symptoms 

include fatigue, bleeding, jaundice, mild fever, 

and other muscle-related weaknesses. 

The most common and important compli-

cations caused by HCV in its patients include 

liver cirrhosis, fibrosis, and Hepatocellular 

Carcinoma. Other complications related to the 

infection are highly random and diverse over a 

large number of patients based on the type of 

genotype the patients are infected with. It has 

also been reported that Diabetes Mellitus that 

is caused by a buildup of Multifactorial Insulin 

Resistance is linked to increased risk of 

Hepatocellular Carcinoma, a higher level of 

transplant rejection in liver patients, increased 

risk of fibrosis and other related complications. 

Over the past few years, scientists have tried to 

combat HCV using very potent methods and 

diverse kinds of approaches that have led us to 

these modern and advance ways of treatment 

and cure. The most effective and modern 

procedures used nowadays include Ribavirin, 

INF-α, Direct Acting Antivirals (DAA’s), 

RNA techniques, Vaccines, and other potent
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 agents. These can be used in combination like 

some triple therapy procedures based on the 

severity in patients of different genotypes.   

 

Ribavirin 

 
In the race of producing a broad spectrum drug 

against several RNA and DNA viruses like 

HCV and HIV, Ribavirin is one of them. 

Ribavirin is a guanosine nucleoside analog that 

attacks the mRNA synthesis process of HCV to 

inhibit its replication. Ribavirin is a very potent 

agent with a single dose elimination half-life of 

43.6 hours and a multiple-dose elimination 

half-life of 298 hours (78). Because of its 

fewer side effects relative to other drugs and its 

lower half-life, it is considered as the top 

treatment choice in HCV therapy. Ribavirin 

acts on the virus by a novel hemolytic 

mechanism in which in vivo hemolysis of the 

HCV takes place. HCV is immune to several 

other commonly used agents but ribavirin has 

shown a promising increase in SVR rates 

during the course treatment. HCV causes a 

state of the liver called a pro-inflammation 

state (60). When HCV progresses to its chronic 

stage, it became very difficult to treat. By 

using Ribavirin therapy, patients with chronic 

Hepatitis C conditions have shown improv-

ement in sustaining a good virological 

response. One major side effect during 

Ribavirin therapy is hemolytic anemia caused 

by the aggressive action of Ribavirin in 

Hepatitis C patients. Studies have been made 

on drug delivery of ribavirin analogs that is 

highly specific to only liver cells but the 

process is still in phases of developments and 

trials have begun in several areas around the 

world (70). Experiments have shown that 

Ribavirin-L-Val-GCDCA is a highly targeted 

offside analog of Ribavirin that acts directly on 

HCV with no other complications to other 

healthy cells (11). 

Although the hemoglobin levels have been 

declined with an increasing persistent dose of 

Ribavirin yet some patients with SVR achieved 

have shown sustained lower normal limit 

hemoglobin levels (24). It means that 

predicting the anemic condition of patients 

based on Ribavirin therapy is an inefficient 

method with unstable probability (67). It has 

also been observed that the less the levels of 

hemoglobin the more effective the treatment is 

and the patients with high SVR rates and who 

are responding well to Ribavirin therapy 

automatically have lower hemoglobin levels 

and vice versa. So, we can infer how good the 

treatment is going based on the patient's 

hemoglobin levels with some other crucial 

factors (76). The mode of action of Ribavirin 

against HCV is currently unknown due to its 

synergistic effects concerning other potent 

agents (Combination therapy) (23). Ultra-deep 

sequencing revealed that Ribavirin acts on 

HCV by lethal mutagenesis strategy that is also 

utilized by the other drugs of the same 

category (2). In lethal mutagenesis, there is an 

intermediate state of transitions that takes place 

that is mostly G-to-A and C-to-U transitions 

(7). These transitions disrupt the genome of 

HCV in a way that its replication ability gets 

lost that forward with the elimination of the 

virus (4). 

Double dosing is usually not recom-mended in 

Ribavirin therapy, but in a randomized trial 

evaluation study, by doubling the dose patients 

achieved SVR rates very early as compared to 

the normal dose, and ultimately the span of 

treatment reduced greatly (3). In addition to the 

normal Ribavirin therapy, the mode of action 

of Ribavirin also influenced the production of 

interferon from plasmacytoid dendritic cells 

(pDC) that is a potent agent against HCV.  

Ribavirin influences receptor 7 and 9 on these 

cells (18). This stimulation causes enhanced 

production of INF-α from these cells. To deal 

with the anemic conditions during this HCV 

therapy, L-Carnitine supplementation has 

shown promi-sing results by efficiently 

maintaining the level of production of 

hemoglobin in the body of patients (31). A 

little higher level of SVR rates has also been 

observed by a sustained amount of hemoglobin 

in the blood. Ribavirin mode of action against 

several RNA and DNA viruses is mostly based 

on the genotype it is interac-ting with. Crimean 

Congo Hemhorrgic Virus (CCHF) is a type of 

virus that uses ticks as a vector for its 

transmission. Ribavirin therapy has shown 

great potential for the treatment of CCHF in 
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several cases (15). Even though Ribavirin 

shows great potential against HCV yet nature 

plays in its way. Many Ribavirin resistant 

mutants have been reported in recent years of 

research. This resistance against Ribavirin is 

mostly because of the accumulation of 

mutations in patients through-out therapy that 

ultimately contribute to the rise of these mutant 

strains (25). To combat this problem, mostly 

combination therapies with other anti-HCV 

potent agents with Ribavirin are utilized based 

on the conditions posed by these strains (6). 

 

Other Potent Nucleoside Analogues 
 

Ribavirin no doubt is highly potent in its action 

but it is not the only one to have such potential 

against HCV. There are other effective 

nucleosides analogs present like Tri-cyclic 2′-

C-Modified Nucleosides, β-D-2′-deoxy-

2′dibromo nucleosides, C Nucleoside GS-6620 

and Nucleoside Polymerase Inhibitor RO5855, 

etc. Tri-cyclic 2′-C Modified Nucleosides have 

anti-HCV activity due to a mechanism of 

substitution called di-substitution at the 2′ 

position of the nucleoside molecule. This type 

of nucleosides attacks on HCV by disrupting 

the functioning of right-hand RNA polymerase 

required by HCV for replication. (62) β-D-2′-

deoxy-2′dibromine nucleoside types are very 

selective in their anti-HCV action. The pro-

drug 13a derived from this analog has shown 

the most potent activity against HCV in both in 

vivo and in vitro trials (63). Similarly, C 

Nucleoside GS-6620 Mono-phosphate Pro-

drug is also highly selective in its action. It 

uses a novel mode of action called Pan-

Genotype activity that has major advantages 

over other treatment methods like highly 

reduced drug-drug interactions phenomenon 

and a steep barrier for HCV to be able to 

produce resistance against it (74). Nucleoside 

Polymerase Inhibitor (RO5855) is also another 

cytidine inhibitor. RO5855 is mostly used in 

combination with Ribavirin as a combination 

therapy for the best results. It also doesn’t 

show any kind of unfavorable interaction with 

Ribavirin in general that makes it a suitable 

candidate for use on different genotypes. 

 

Simple Interferon Therapy 
 

Interferon has shown great potential against 

HCV as shown in different studies that include 

it as a main agent but interferon is mostly used 

as an effective agent in combination with 

Ribavirin and other closely related drugs. 

Patients treated with only Interferon show a 

stable and sustained SVR rate in most of the 

trails and other studies. Furthermore, the 

response to interferon therapy is also diverse 

over patients of different genotypes. For 

example, patients with genotype HCV-1b show 

a very poor response to INF therapy while 

patients with genotype HCV-2a exhibit the 

most response. The effectiveness of the 

treatment including interferon can be increased 

exponentially when used in combination 

because interferon acts as a catalyst as can be 

seen in combination therapies that include 

Ribavirin-Interferon pair (14, 51). 

 

Interferon + Ribavirin (Combination 

Therapy) 
 

Ribavirin and Interferon, both are potent agents 

and first-choice treatment option in HCV 

therapy. In modern researches, scientists deve-

loped new techniques of treatment for HCV. It 

has been seen that when Ribavirin and 

Interferon are used in combination clinically, 

they both show some kind of synergistic 

association with each other (66). This associa-

tion makes this combination therapy the first 

and foremost choice while dealing with HCV. 

(8) The synergistic mechanism of both of them 

is very complex in their mode of action. Recent 

indications show that Ribavirin enhances the 

expression of Interferon specific genes (ISG). 

Ribavirin influences the STAT and JAK 

signaling pathway for interferon (19).  

STAT 1 and STAT 3 phosphorylation mecha-

nisms were also boosted as seen during in vitro 

experimentation. The internal ribosome entry 

site (IRES) mediated translation was observed 

by a team of scientists in specific Huh–7 cells 

(28). The synergistic relation of both Ribavirin 

and the Interferon were then verified later by 

CalcuSyn and MacSynergy deep analysis soft-

wares (66). It was seen in a study that a proper 
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response was achieved was produced against 

HCV in 16 out of 21 patients that were under 

this conjugate therapy. It was a 96-week 

treatment span with efficacy of more than 

75%. This study also suggests that conjugate 

therapy is more effective as compared to 

Interferon only over a treatment span of 24 

weeks (79). 

 

Triple Therapeutic Procedures 
 

Recent advances in Ribavirin and PEGylated 

INF-α therapy have produced a new way of 

treatment. This is termed as a triple therapy 

procedure. As it is understood from the name, 

it utilizes an extra potent agent with previous 

combination therapy of Ribavirin and inter-

feron combined provided that the agent must 

have a stable complex formation. Nitazoxanide 

is a type of agent that has a potency to enhance 

the action of combination therapy through 

several mechanisms (27). 

Patients treated with this triple therapy have 

shown relatively even SVR rates than that of 

combination therapy alone (57). CIGB-230 is 

another synthetic agent that is utilized with 

combination therapy for producing a lympho-

proliferative response against antigens. It 

superimposes the IgG immune response to the 

HCV. Patients treated with this triple therapy 

showed a higher SVR achievement rate that is 

mostly stable for longer periods (16).  

Mericitabine utilization shows the reduced 

impact of specific IL28B genotypes on RVR 

and cEVR rates as compared to other agents. 

There is also no reported case of any 

pharmacokinetic drug-drug interaction of 

Mericitabine with Ribavirin (5, 30). 

During all these therapeutic procedures, the 

levels of HCV core antigen (HCVcAg) have 

great importance in predicting the extent of the 

succession of therapy. The prediction of re-

emergence of RNA in ongoing conjugate 

therapy of Ribavirin and peg-INF is done by 

measuring the HCVcAg levels in patients and 

then a statistical model is constructed to infer 

the final results (12). The relative levels of 

Natural Killer Cytolytic activity are always 

considered in an ongoing conjugate therapy of 

Ribavirin and Interferon (17). The HCV 

infected targets are influenced by NK Cytolytic 

activity levels but the deep sequencing and 

modeling analysis revealed that this specific 

activity is the main cause of liver damage 

associated with HCV induced complications 

(60). In reality, regardless of all these applied 

therapeutic procedures, the HCV residual 

persistence has been a major issue in the past 

couple of years (22). It has been reported that 

HCV could rose from the dead due to the 

remains or residuals that go on circulating in 

the body and again may cause infection when 

conditions become favorable (26). These 

results were obtained after liver biopsies and 

examining the lymphoid cells after the 

treatment cycles of patients were over. These 

dormant stages of HCV in the body have main 

contributions to the re-emergence of infections 

in the body. That’s the reason behind the 

suppression effect that goes on decreasing with 

time during treatment. However, the efficacy 

of triple therapy is significantly higher than 

normal conjugate therapy (21). 

 

Direct Acting Antivirals (DAA’s) 

 
Advances in the era of medicine keep on going 

in analogy with Darwinian evolution itself. 

Direct Acting Antivirals are a new breed of 

treatment options for viral diseases like HCV, 

HIV, etc., not to mention it is one of the most 

modern and effective approaches to deal with 

viral diseases nowadays. DAA’s are used in 

case every other treatment option fails to 

induce a proper SVR rate in HCV infected 

patients. The use of these antivirals has 

revolutionized the way we combat viral 

diseases. One of the major perks of using these 

antivirals includes the brilliant efficacy 

percentages in clinical trials sometimes even 

more than 90%. These antivirals came into 

existence by examining high throughput 

replicon models. Due to the introduction of 

DAA’s, the sustained SVR rates of more than 

95% have also been seen in some patients (10).  

DAA’s show some promising future treatment 

strategies for HCV and other infectious 

diseases. Furthermore, in the application of 

DAA’s, the predictable drug-drug interactions 

have proven to be highly favorable. For 
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example, Ritonavir is used against HIV as a 

DAA but it has no potent effect on HCV. But 

the pharmacokinetic study revealed that it can 

be used as a CYP3A inhibitor. That’s the 

reason for using Ritonavir with other 

combinations of antivirals improves half-life. 

This is also termed as Ritonavir boosting 

procedure. The NS3/4A Protease Inhibitors 

like Telaprevir, Simeprevir, and Boceprevir 

has been approved for use with the conjugate 

therapy of Ribavirin and Interferon (39). They 

have shown great potential in achieving high 

SVR rates in no time as compared to conjugate 

therapy only but the associated side-effects like 

anemia and inhibition of an important drug-

metabolizing enzyme Cytochrome P4503A4 

(CYP3A4) are still one of their major concerns 

(1). Pibrentasvir, Ombitasvir, Elbasvir, and 

Ledipasvir are highly potent NS5A inhibitors 

for HCV genotype variants from 1 to 6 

containing the NS5A site. The 50% effective 

concentration causes Pibrentasvir to stabilize 

the overall suppression with ranges of 1.6 to 

5.0. It means that it has a great potent activity 

over a large number of variants of HCV. It has 

also shown a great improvement in SVR rates 

when utilized with conjugate dual therapy (58). 

Similarly, Samatasvir is another NS5A 

inhibitor. It has an additive role in conjugate 

therapy. It is used as a pro-drug IDX184. The 

advantage of using Samatasvir over other 

DAA’s is its consistency of action over a large 

number of genotypic variants that make it a 

crucial addition in most therapies (37). For the 

proper action of most NS5A inhibitors, the 

NS5A site is the most attractive one and has 

crucial importance in the formation of stable 

complexes. The NS5A polymerase inhibitors 

work efficiently on this site as seen in 

Multiplee-Pharmacophore modeling proce-

dures and Random Forest Simultaneous 

Combination Analysis (69). 

Mericitabine (RO5855) is also a Nucleoside 

Polymerase Inhibitor. It is also used as an 

additive with simple Ribavirin therapy. By 

using Prichard’s model-based synergy analysis, 

it has been proved that RO5855 is one of the 

best additive choices with Ribavirin in HCV 

treatment.  There is also a genotypic associa-

tion of using DAA’s with anemia as seen in 

modern data obtained. For example, 

Faldaprevir, Declatasvir, and Deleobuvir are 

also types of DAA’s. These both induce 

anemia in patients of different genotypes but it 

is also observed that there is no decline in 

SVR12 rates when interferon-free Faldaprevir 

and Deleobuvir were used in combination with 

Ribavirin. This shows the promising use of 

both of these in related genotypes that support 

proper and sustained SVR rates (67).  

Sofosbuvir (NS5B inhibitor) and Declatasvir 

used in combination have also shown very 

good SVR rates in patients with HCV-

Genotype 1 infection over 12 weeks of 

continuous data analysis. The lower adverse 

effect profiles of several patients confirm the 

effectiveness of this combination (83). The 

response rates of treatment are also improved 

in continuous therapeutic procedures (13).  

Signal Peptide Peptidase (SPP) is an aspartic 

protease that is mainly involved in the 

maturation of the core protein of HCV. Some 

types of DAA’s inhibitors disrupt this 

maturation process and ultimately inhibit the 

proliferation process of HCV (65). 

α-ketoglutarate-dependent dioxygenase is an 

obesity-associated protein also known as FTO. 

It is involved in the management of body 

weight and regulation of energy throughout the 

body. Type 2 Diabetes Mellitus is associated 

with this FTO related instability of rs9939609 

polymorphism. In recent experimental studies, 

it has been reported that this polymorphism is 

associated with the acute resistance to several 

DAA’s due to its complications in patients like 

type 2 Diabetes Mellitus, Insulin Resistance, 

and obesity (9). No doubt, the treatment with 

Direct Acting Antivirals (DAA’s) in combina-

tion with standard Interferon-based therapy has 

produced positive and exceptional results 

against HCV but factors like these have to be 

considered before deploying a lethal treatment 

option with possible complications (58). Multi-

scale Mathematical models of DAA’s action 

(intra and inter-cellular dynamics) against 

HCV infection have shown very promising 

results with over 90% effectiveness. Other 

mechanisms of action against HCV have also 

been observed after the analysis of complex 

models (38). Very-low-density Lipoproteins 
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(VLDL) are mostly associated with aiding the 

HCV in its replication and helping in gaining 

entry to the cell. A very low level of SVR in 

patients with high levels of VLDL is common. 

This seems to be a type of indirect relationship 

between levels of VLDL and the effectiveness 

of drugs that have been applied during 

treatment. On the other hand, patients with 

very low levels of VLDL have shown good 

response rates to the therapy as well as better 

SVR rates as compared to patients with high 

levels of VLDL (40). Furthermore, the overall 

efficacy was higher than expected in both RVR 

and SVR analysis conditions. The overall 

pooled SVR and RVR were 95% and 97% 

when second-generation DAA’s were used. All 

of these percentages were constant over the 

patients infected with HCV-3, HCV-1, and 

HCV-6 (80). 

 

RNA Based Therapy 

 
Ribavirin, Peg-INF, and DAA based therapies 

only have taken another step in the race of 

treatments related to HCV but all of these 

therapies have their drawbacks like being 

expensive and may contribute to the progre-

ssion of severe hemolytic anemia, etc.  

Recently developed gene silencing techniques 

that involve the use of specifically designed 

siRNA or miRNA strands and viral vector-

based gene delivery mechanisms are being 

used in most modern treatment strategies  (50).  

For example, ITPase is the main enzyme that is 

involved in the replication of HCV. ITPase 

inhibition in HCV transfected Huh-7.5 cells by 

utilization of siRNAs have shown that the 

HCV proliferation in patients can be controlled 

progressively and effectively (72). Only a few 

numbers of patients with different ITPA 

genotypes have shown some signs of anemia 

but no severe conditions were inferred. This 

happened because of ITPA polymorphism 

(20). In preclinical evaluation studies, miRNA 

sequences gained entry to the cells and 

replaced the RNA of HCV with exact copies 

that are a complementing mirror to the genome 

(61). This procedure has proven successful 

because it effectively inhibited the replication 

process of HCV in up-to 95% of cases within 2 

days span. It was impossible to achieve with 

simple Ribavirin and INF-α based therapies 

that only have comparably low effectiveness 

(64). These miRNA sequences have been 

developed using the studies of the internal 

ribosome entry site (IRES) that involves the 

cap-directed translation process of siRNA in 

mice (68). Designing these RNA sequences is 

a very difficult task because it involves the 

extensive use of Bioinformatics based mode-

ling and analysis. In Silico Studies of two 

siRNA variants, HCV353 and HCV258 

sequences have shown the potential of specific 

potent design of siRNA (71). 

 These two variants produced a very high 

antiviral activity because of their very short 

exposure time as well as low usage concen-

trations. Thus, they provide a way in the deve-

lopment of very efficient Oligo-nucleotide 

based drugs with very fewer complications 

relative to other treatment options. In a study, 

the efficacy percentages were higher than 

expected when siRNA 361 was targeted in the 

5’UTR region. The higher level of suppression 

confirms the efficacy of the treatment. The 

number of mutant strains of resistance was also 

reduced (81). 

But this siRNA requires some kind of effective 

drug delivery system. At this point, the 

nanotechnology will take hold of the ground. 

Delivery of siRNA by utilizing lipid-based 

Nano-particles is a very effective way of 

injecting sequences into the genome of HCV 

(29). It has comparably high effectiveness 

because these approaches use non-classical 

ways of transference that ultimately induce a 

very diverse range of immune responses as 

shown in several experimental studies. The 

more specific and targeted in vivo delivery 

systems include the use of α-tocopherol 

(Vitamin E) based on Nano-particles. The 

effectiveness and safety of α-tocopherol 

coupled Nano-particles make them an effective 

way of drug delivery even with other 

combinatorial HCV therapies (72). In some 

approaches, the siRNA has some kind of off-

target inhibitory effects. For example, the 

MOBKL1B siRNA sequence shows some off-

target effects but they are still not a major 
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concern compared to complications induced by 

other therapeutic methods (77). 

 

Vaccines 

 
There are also some experimental vaccine 

options for treatment available that can play an 

important role in the therapy of HCV when 

used in combination with other agents. For 

example, the MF59 adjuvant based HCV E1 

E2 vaccine has induced various immune 

responses by in vivo induction of various 

lymphoproliferative pathways over the 

controlled course of treatment. Three dosage 

levels were used in patients that were tolerated 

by most of the candidates present in the study 

(53). There is also another study of vaccine-

related experimental treatment applied to 

chimpanzees that were infected with both HIV-

1 and HCV at the same time. Vaccines for 

either of the viruses in serology show better 

than expected responses when administrated in 

this specific condition of infection. This means 

that patients with both of these infections can 

be treated for both infections simultaneously 

when using an experimental vaccine based 

therapeutic method of treatment (59). There is 

one major problem that HCV cleaves of the 

activated Rig-I pathway to enhance its ability 

of replication. In these conditions, a vaccine 

cannot work efficiently because even the 

innate immune responses are suppressed 

completely. By using NS5A polymerase 

inhibitors the innate immune responses can be 

realigned by restoring the activated Rig-I 

pathway that ultimately superimposes the 

action of administrated HCV vaccine (75).  

HCV masks its expression while continue to 

replicating unchecked in the body if not treated 

on time. This happens because of very less 

threshold level of antigen signaling required 

for an effective immune response is produced 

due to this masking camouflage strategy 

utilized by the virus. The mechanism can be 

understood if we can understand the interaction 

of viral envelope glycoproteins with adminis-

trated vaccines that in the present day scenario 

is a little bit difficult because of the diverse 

distribution of genotypes of HCV. 

However, some immunity-enhancing prophy-

lactic procedures have been developed by 

understanding the mechanisms of these surface 

glycoproteins (52). Furthermore, the efficacy 

of treatment options that include vaccine is still 

very low and requires highly organized clinical 

trials that have just begun (82). 

 A recent study was conducted on 

injecting naked DNA of HCV into the patients 

to observe its immunogenic effects on the 

natural immune system but a very low level of 

immune response is produced. However, when 

NS5A and rNS5A residues associated with 

RNA were used along with DNA, there was an 

immediate increase in the production of both 

CD4+ and CD8+ T-Cells, a release of a large 

number of cytokines, and also the production 

of a large number of anti-NS5A antibodies 

(47). This means that when the combined 

effects of both the DNA and using RNA based 

NS5A and rNS5A in conjunction is signi-

ficantly higher than that of using the viral 

DNA only (51). DREP vaccines were studied 

in mice transfected with an enhanced strain of 

HCV known as Ankara HCV. This modifies 

strain represent the full-length genome of HCV 

and is highly useful in the study of newly 

developed therapeutics like vaccines. When 

mice are injected with DNA launched RNA 

replicons, the DREP vaccine displayed a potent 

action by significantly increasing the CD4+ 

and CD8+ T-cell counts against Ankara HCV 

(35). However, there was a huge subversion of 

T-Cell responses when high dosages of those 

vaccines were used that are virally vectored 

(73). Some adenoviral, as well as vaccines 

against Ankara, have also shown the sub-

version phenomenon (59). These drawbacks 

can be overcome if a high and sustained 

amount of immunological memory can be 

produced in the subject. Furthermore, this may 

require a great deal of research on other 

vaccine delivery vectors (54). 

 

Treatment Alternatives (In 

Development) 

 
Studies related to treatment strategies of HCV 

have a very wide range of span and include 

those novel mechanisms that may be the key to 
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the cure of HCV that are currently under 

extensive research. It is reported that HCV 

utilizes both extrinsic and intrinsic pathways to 

mediate apoptotic activity that is the main 

cause of liver cirrhosis and fibrosis. The up-

regulated markers along with these compli-

cations include caspases, tumor necrosis factor, 

etc (45). 

In recent years of research, many natural 

compounds have been identified for their 

potent anti-HCV action. For example, Glycyrr-

hizin is a compound that is extracted from the 

roots of the licorice has shown potential in the 

prevention of hepatocellular carcinoma in 

patients with long and severe chronic infection. 

It acts through some kind of novel mechanism 

that is yet totally unknown. Another effective 

entry inhibitor is Ladanein. It has more effect 

on viral assembly than its replication. Certain 

plant extracts also possess some level of 

antiviral activity because these plants have one 

of the following active chemicals like 

flavonoids, saponins, and lignins, etc. These 

types of chemicals have the potential to inhibit 

the HCV protease as recent research on these 

compounds suggests. Herbal extracts of herbs 

like Tranchyspermum Ammi also inhibit HCV 

protease activity while methanol like an extract 

from Swietenia macrophilia inhibits HCV 

replication in vitro for Huh-7 cells (33). 

Venoms from different animals like scorpion 

and snake have also been an important part of 

the race of treatment against HCV. These 

venoms have biologically active antimicrobial 

peptides that have a highly potent virucidal 

activity. That’s why these are extensively 

researched for the design and in the modeling 

of drugs against HCV (32). Anacardic acid is a 

phytochemical that has shown effects on 

different stages of the HCV life cycle. It is 

because it affects various enzymes like Histone 

Acetyl Transferase that are needed for 

replication by the virus (44). Furthermore, 

there also no possible recorded effect of 

Anacardic acid on cell viability and stability. It 

also cuts off vascular endothelial growth factor 

signaling of HCV (41). 

There are very-low-density lipoproteins that 

are naturally present in the human body. These 

VLDLs have some kind of inhibition effect on 

HCV as studied in a humanized mouse model. 

Studies also suggest that the lower the 

concentration of these VLDLs the higher the 

infectious activity of HCV. These VLDLs now 

serve as a base for drug designing of most 

modern HCV therapeutics (40). Some other 

synthetic drugs are based on modeling of these 

natural compounds like Hydroxyzine pamoate 

and Benztropine mesylate that are used in 

combination with other agents for their 

property of selective inhibition (34). These 

drugs are clinically approved and form the 

basis for the targeting potential in other drug 

models (43). There is also a novel inhibition 

mechanism mediated by heat shock proteins 

like HSPB8 (Heat Shock Protein-B8) and 

DNAJC5B. By applying some effective and 

modern gene silencing techniques on these 

proteins, a burst of replication in HCV was 

observed. It means that there is a mechanism of 

inhibition that is not yet understood mediated 

by heat shock proteins of a cell (48). Similarly, 

in another research, Pyruvate Dehydrogenase 

Kinase (PDK) provides HCV with nucleotide 

precursor molecules that mediate its replication 

process. Somehow by blocking PDK activity, 

the replication process can be properly contro-

lled (42). 

 

Multi-Drug Resistance Phenomenon 
 

A phenomenon exists in various HCV geno-

types called the multi-drug resistance that 

helps HCV to escape all treatment strategies 

through a series of specific mutations in the 

genome. (56) For example, the HCV genotype 

3a is a Cytosine-Thymine (CT) and Thymine-

Thymine (TT) variant. It does not respond to 

all possible combinatorial procedures of 

modern drugs (49). This phenomenon of multi-

drug resistance can be understood by extensiv-

ely analyzing the mutations in E2-PePHD 

regions of HCV that make it resistant to the 

therapy of INF-α as well as other drugs. This 

otherworldly resistance phenomenon of 

genotype 3a is not yet understood completely. 

The genotypic turnover of HCV is more 

common in patients under hemodialysis 

treatment because the resistance can develop 

due to blood-borne spread to the niche (55). 
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 But this can be avoided by applying better 

sanitary measures and preventing any blood-

borne viral contact (36). Over the years, this 

phenomenon of resistance is constantly increa-

sing and cause trouble to the researchers.  

Analytic techniques developed using computa-

tional modeling have their time-related perks 

but these models can’t produce the exact real-

world conditions because of a massive number 

of factors that are interacting with each other in 

a specific condition. 

 

Discussion 
 

In the present, although we have developed 

extensive and more advanced treatment 

methodologies still we are facing heavy 

casualties in combat with HCV. In this article, 

we have discussed the use of different 

techniques of administration of Ribavirin and 

other related analogs in patients with HCV.  

Ribavirin has produced very good results in the 

inhibition of HCV replication as well as 

achieving better SVR rates relative to previous 

treatment drugs. But it has major side effects 

like hemolytic anemia etc. Even with the 

combination therapy that includes INF-α, the 

risk of anemia has not reduced at all. 

Furthermore, this combination type technique 

has only been seen as successful in less than 

50% of the patients. Due to these drawbacks of 

Ribavirin and INF-α, therapeutics like DAA 

based pro-drugs and techniques like using 

siRNA are only a little more efficient as 

compared. DAA base pro-drugs paved the way 

to a more successful treatment but these are 

very expensive to be used as normal treatment 

medicines. Similarly, the siRNA method is 

also very expensive and has its downsides like 

off-target action, etc. Vaccines are also under 

development due to the phenomenon of severe 

multidrug resistance and diverse genotypes of 

HCV. Meanwhile, treatment through natural 

compounds like Herbal Extracts of Medicinal 

plants and Scorpion Venom is under study. 

Nowadays, researchers are only using it for 

drug designing and modeling. Studies and 

research on novel methods of treatment against 

HCV are on peak and improvement of 

previously existing methods is in motion. 

References 

1. Feld JJ, Jacobson IM, Sulkowski MS, 

Poordad F, Tatsch F, Pawlotsky JM. Ribavirin 

revisited in the era of direct-acting antiviral 

therapy for hepatitis C virus infection. Liver 

Int. 2017;37(1):5-18.  

2. Nyström K, Wanrooij PH, Waldenström J, 

Adamek L, Brunet S, Said J, et al. Inosine 

Triphosphate Pyrophosphatase Dephosphoryla-

tes Ribavirin Triphosphate and Reduced 

Enzymatic Activity Potentiates Mutagenesis in 

Hepatitis C Virus. J Virol. 2018;92(19):e010 

87-18. 

3. Waldenström J, Westin J, Nyström K, 

Christensen P, Dalgard O, Färkkilä M, et al. 

Randomized Trial Evaluating the Impact of 

Ribavirin Mono-Therapy and Double Dosing 

on Viral Kinetics, Ribavirin Pharmacokinetics 

and Anemia in Hepatitis C Virus Genotype 1 

Infection. PLoS One. 2016;11(5):e015514 2 .  

4. Ortega-Prieto AM, Sheldon J, Grande-

Pérez A, Tejero H, Gregori J, Quer J, et al. 

Extinction of hepatitis C virus by ribavirin in 

hepatoma cells involves lethal mutagenesis. 

PLoS One. 2013;8(8):e71039. 

5. Ma H, Le Pogam S, Fletcher S, Hinojosa-

Kirschenbaum F, Javanbakht H, Yan JM, et al. 

Intracellular effects of the Hepatitis C virus 

nucleoside polymerase inhibitor RO5855 

(Mericitabine Parent) and Ribavirin in 

combination. Antimicrob Agents Chemother. 

2014;58(5):2614-25.  

6. Mihalik KB, Feigelstock DA. Sensitivity of 

a ribavirin resistant mutant of hepatitis C virus 

to other antiviral drugs. PLoS One. 2013;8(9): 

e74027.  

7. Galli A, Mens H, Gottwein JM, Gerstoft J, 

Bukh J. Antiviral Effect of Ribavirin against 

HCV Associated with Increased Frequency of 

G-to-A and C-to-U Transitions in Infectious 

Cell Culture Model. Sci Rep. 2018;8(1):4619.  

8. Liu CH, Sheng WH, Sun HY, Hsieh SM, 

Lo YC, Liu CJ, et al. Peginterferon plus 

Ribavirin for HIV-infected Patients with 

Treatment-Naïve Acute or Chronic HCV 

Infection in Taiwan: A Prospective Cohort 

Study. Sci Rep. 2015;5:17410.  

9. Doyle MA, Galanakis C, Mulvihill E, 

Crawley A, Cooper CL. Hepatitis C Direct 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

                             9 / 14

http://journal.isv.org.ir/article-1-384-en.html


Shahzaib M and Ul Haq E 

Iranian Journal of Virology, Volume 14, Number 1, 2020        75 

Acting Antivirals and Ribavirin Modify Lipid 

but not Glucose Parameters. Cells. 2019;8(3): 

252.  

10. Naggie S, Marks KM, Hughes M, Fierer 

DS, Macbrayne C, Kim A, et al. Sofosbuvir 

Plus Ribavirin Without Interferon for 

Treatment of Acute Hepatitis C Virus Infection 

in HIV-1-Infected Individuals: SWIFT-C. Clin 

Infect Dis. 2017;64(8):1035-1042. 

11. Dong Z, Li Q, Guo D, Shu Y, Polli JE. 

Synthesis and Evaluation of Bile Acid-

Ribavirin Conjugates as Prodrugs to Target the 

Liver. J Pharm Sci. 2015;104(9):2864-76.  

12. Wu LS, Rower JE, Burton JR Jr, 

Anderson PL, Hammond KP, Baouchi-

Mokrane F, et al. Population pharmacokinetic 

modeling of plasma and intracellular ribavirin 

concentrations in patients with chronic 

hepatitis C virus infection. Antimicrob Agents 

Chemother. 2015;59(4):2179-88.  

13. Shiha G, Esmat G, Hassany M, Soliman 

R, Elbasiony M, Fouad R, et al. Ledipas-

vir/sofosbuvir with or without ribavirin for 8 or 

12 weeks for the treatment of HCV genotype 4 

infection: results from a randomised phase III 

study in Egypt. Gut. 2019;68(4):721-728.  

14. Fan Z, Liu J, Wang F, Liu J, Ding X, Liu 

S. HCV core antigen is a useful predictor 

during pegylated-interferon/ribavirin therapy in 

patients with hepatitis C virus genotype 1b. 

Medicine (Baltimore). 2019;98(10):e14795.  

15. Johnson S, Henschke N, Maayan N, Mills 

I, Buckley BS, Kakourou A, et al. Ribavirin for 

treating Crimean Congo haemorrhagic fever. 

Cochrane Database Syst Rev. 2018;6(6):CD 

012713. 

16. Amador-Cañizares Y, Martínez-Donato G, 

Alvarez-Lajonchere L, Vasallo C, Dausá M, 

Aguilar-Noriega D, et al. HCV-specific 

immune responses induced by CIGB-230 in 

combination with IFN-α plus ribavirin. World 

J Gastroenterol. 2014;20(1):148-62.  

17. Werner JM, Serti E, Chepa-Lotrea X, 

Stoltzfus J, Ahlenstiel G, Noureddin M, et al. 

Ribavirin improves the IFN-γ response of 

natural killer cells to IFN-based therapy of 

hepatitis C virus infection. Hepatology. 2014; 

60(4):1160-9.  

18. Wang Y, McGivern DR, Cheng L, Li G, 

Lemon SM, Niu J, et al. Ribavirin Contributes 

to Hepatitis C Virus Suppression by 

Augmenting pDC Activation and Type 1 IFN 

Production. PLoS One. 2015;10(8):e0135232.  

19. Stevenson NJ, Murphy AG, Bourke NM, 

Keogh CA, Hegarty JE, O'Farrelly C. Ribavirin 

enhances IFN-α signalling and MxA expres-

sion: a novel immune modulation mechanism 

during treatment of HCV. PLoS One. 2011;6 

(11):e27866.  

20. Pineda-Tenor D, García-Álvarez M, 

Jiménez-Sousa MA, Vázquez-Morón S, Resino 

S. Relationship between ITPA polymorphisms 

and hemolytic anemia in HCV-infected 

patients after ribavirin-based therapy: a meta-

analysis. J Transl Med. 2015;13:320.  

21. Keshvari M, Alavian SM, Behnava B, 

Pouryasin A, Craig JC, Sharafi H. Impact of 

IFNL4 rs12979860 and rs8099917 polymor-

phisms on response to Peg-Interferon-α and 

Ribavirin in patients with congenital bleeding 

disorder and chronic hepatitis C. J Clin Lab 

Anal. 2017;31(4):e22063.  

22. Veerapu NS, Park SH, Tully DC, Allen 

TM, Rehermann B. Trace amounts of sporadic-

cally reappearing HCV RNA can cause 

infection. J Clin Invest. 2014;124(8):3469-78.  

23. Liu WL, Yang HC, Su WC, Wang CC, 

Chen HL, Wang HY, et al. Ribavirin enhances 

the action of interferon-α against hepatitis C 

virus by promoting the p53 activity through the 

ERK1/2 pathway. PLoS One. 2012;7(9): 

e43824.  

24. Hsu CS, Hsu SJ, Liu WL, Chen DS, Kao 

JH. Association of SCARB1 Gene Polymor-

phisms with Virological Response in Chronic 

Hepatitis C Patients Receiving Pegylated 

Interferon plus Ribavirin Therapy. Sci Rep. 

2016;6:32303.  

25. Satoh S, Mori K, Ueda Y, Sejima H, 

Dansako H, Ikeda M, et al. Establishment of 

hepatitis C virus RNA-replicating cell lines 

possessing ribavirin-resistant phenotype. PLoS 

One. 2015;10(2):e0118313.  

26. Nguyen NH, McCormack SA, Vutien P, 

Yee BE, Devaki P, Jencks D, et al. Meta-

analysis: superior treatment response in Asian 

patients with hepatitis C virus genotype 6 

versus genotype 1 with pegylated interferon 

and ribavirin. Intervirology. 2015;58(1):27-34.  

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

                            10 / 14

http://journal.isv.org.ir/article-1-384-en.html


Combating Hepatitis C (HCV): A Review of Present and Future Perspectives 

76      Iranian Journal of Virology, Volume 14, Number 1, 2020    

27. Amorosa VK, Luetkemeyer A, Kang M, 

Johnson VA, Umbleja T, Haas DW, et al. 

Addition of nitazoxanide to PEG-IFN and 

ribavirin to improve HCV treatment response 

in HIV-1 and HCV genotype 1 coinfected 

persons naïve to HCV therapy: results of the 

ACTG A5269 trial. HIV Clin Trials. 2013;14 

(6):274-83.  

28. Zhao Y, Qin W, Zhang JP, Hu ZY, Tong 

JW, Ding CB, et al. HCV IRES-mediated core 

expression in zebrafish. PLoS One. 2013;8(3): 

e56985.  

29. Elberry MH, Darwish NHE, Mousa SA. 

Hepatitis C virus management: potential im-

pact of nanotechnology. Virol J. 2017;14(1): 

88.  

30. Chen YC, Bernaards C, Kulkarni R, 

Moreira S, Zhu Y, Chan A, et al. Understan-

ding the effect of the HCV polymerase 

inhibitor mericitabine on early viral kinetics in 

the phase 2 JUMP-C and PROPEL studies. Br 

J Clin Pharmacol. 2014;78(3):533-42.  

31. Sato S, Moriya K, Furukawa M, Saikawa 

S, Namisaki T, Kitade M, et al. Efficacy of L-

carnitine on ribavirin-induced hemolytic 

anemia in patients with hepatitis C virus 

infection. Clin Mol Hepatol. 2019;25(1):65-73.  

32. El-Bitar AM, Sarhan MM, Aoki C, 

Takahara Y, Komoto M, Deng L, et al.  

Virocidal activity of Egyptian scorpion venoms 

against hepatitis C virus. Virol J. 2015;12:47.  

33. Wahyuni TS, Tumewu L, Permanasari 

AA, Apriani E, Adianti M, Rahman A, et al.  

Antiviral activities of Indonesian medicinal 

plants in the East Java region against hepatitis 

C virus. Virol J. 2013;10:259.  

34. Mingorance L, Friesland M, Coto-Llerena 

M, Pérez-del-Pulgar S, Boix L, López-Oliva 

JM, et al. Selective inhibition of hepatitis C 

virus infection by hydroxyzine and benztro-

pine. Antimicrob Agents Chemother. 2014;58 

(6):3451-60.  

35. Marín MQ, Pérez P, Ljungberg K, 

Sorzano CÓS, Gómez CE, Liljeström P, et al.  

Potent Anti-hepatitis C Virus (HCV) T Cell 

Immune Responses Induced in Mice 

Vaccinated with DNA-Launched RNA Repli-

cons and Modified Vaccinia Virus Ankara-

HCV. J Virol. 2019;93(7):e00055-19.  

36. Afzal S, Idrees M, Akram M, Awan Z, 

Khubaib B, Aftab M, et al. Mutations in the 

E2-PePHD region of hepatitis C virus 

genotype-3a and correlation with response to 

interferon and ribavirin combination therapy in 

Pakistani patients. Virol J. 2010;7:377.  

37. Bilello JP, Lallos LB, McCarville JF, La 

Colla M, Serra I, Chapron C, et al. In vitro 

activity and resistance profile of samatasvir, a 

novel NS5A replication inhibitor of hepatitis C 

virus. Antimicrob Agents Chemother. 

2014;58(8):4431-42.  

38. Rong L, Perelson AS. Mathematical 

analysis of multiscale models for hepatitis C 

virus dynamics under therapy with direct-

acting antiviral agents. Math Biosci. 2013;245 

(1):22-30.  

39. Salam KA, Akimitsu N. Hepatitis C virus 

NS3 inhibitors: current and future perspectives. 

Biomed Res Int. 2013;2013:467869.  

40. Tao J, Kang KD, Hall SD, Laube AH, Liu 

J, Renfrow MB, et al. The Serum Very-Low-

Density Lipoprotein Serves as a Restriction 

Factor against Hepatitis C Virus Infection. J 

Virol. 2015;89(13):6782-91.  

41. Hundt J, Li Z, Liu Q. The inhibitory 

effects of anacardic acid on hepatitis C virus 

life cycle. PLoS One. 2015;10(2):e0117514.  

42. Jung GS, Jeon JH, Choi YK, Jang SY, 

Park SY, Kim SW, et al. Pyruvate 

dehydrogenase kinase regulates hepatitis C 

virus replication. Sci Rep. 2016;6:30846.  

43. Calland N, Dubuisson J, Rouillé Y, Séron 

K. Hepatitis C virus and natural compounds: a 

new antiviral approach? Viruses. 2012;4(10): 

2197-217.  

44. Magri A, Ozerov AA, Tunitskaya VL, 

Valuev-Elliston VT, Wahid A, Pirisi M, et al. 

Exploration of acetanilide derivatives of 1-(ω-

phenoxyalkyl) uracils as novel inhibitors of 

Hepatitis C Virus replication. Sci Rep. 2016;6: 

29487.  

45. Silberstein E, Ulitzky L, Lima LA, Cehan 

N, Teixeira-Carvalho A, Roingeard P, et al. 

HCV-Mediated Apoptosis of Hepatocytes in 

Culture and Viral Pathogenesis. PLoS One. 

2016;11(6):e0155708.  

46. García-Nicolás O, V'kovski P, Vielle NJ, 

Ebert N, Züst R, Portmann J, et al. The Small-

Compound Inhibitor K22 Displays Broad 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

                            11 / 14

http://journal.isv.org.ir/article-1-384-en.html


Shahzaib M and Ul Haq E 

Iranian Journal of Virology, Volume 14, Number 1, 2020        77 

Antiviral Activity against Different Members 

of the Family Flaviviridae and Offers Potential 

as a Panviral Inhibitor. Antimicrob Agents 

Chemother. 2018;62(11):e01206-18.  

47. Sung PS, Racanelli V, Shin EC. 

CD8(+) T-Cell Responses in Acute Hepatitis C 

Virus Infection. Front Immunol. 2014;5:266.  

48. Braga ACS, Carneiro BM, Batista MN, 

Akinaga MM, Bittar C, Rahal P. Heat shock 

proteins HSPB8 and DNAJC5B have HCV 

antiviral activity. PLoS One. 2017;12(11): 

e0188467.  

49. Zia A, Ali M, Aziz H, Zia M, Shinwari 

ZK, Raza A. A case of a patient infected with a 

hepatitis C virus genotype 3a multidrug 

resistant variant in Pakistan. Infect Dis 

Poverty. 2018;7(1):11.  

50. Pan QW, Henry SD, Scholte BJ, Tilanus 

HW, Janssen HL, van der Laan LJ. New 

therapeutic opportunities for hepatitis C based 

on small RNA. World J Gastroenterol. 2007; 

13(33):4431-6.  

51. Lusida MI, Nagano-Fujii M, Nidom CA, 

Soetjipto, Handajani R, Fujita T, et al. 

Correlation between mutations in the interferon 

sensitivity-determining region of NS5A protein 

and viral load of hepatitis C virus subtypes 1b, 

1c, and 2a. J Clin Microbiol. 2001;39(11): 

3858-64.  

52. Meyer K, Banerjee A, Frey SE, Belshe 

RB, Ray R. A weak neutralizing antibody 

response to hepatitis C virus envelope 

glycoprotein enhances virus infection. PLoS 

One. 2011;6(8):e23699.  

53. Frey SE, Houghton M, Coates S, 

Abrignani S, Chien D, Rosa D, et al. Safety 

and immunogenicity of HCV E1E2 vaccine 

adjuvanted with MF59 administered to healthy 

adults. Vaccine. 2010;28(38):6367-73.  

54. Masalova OV, Lesnova EI, Pichugin AV, 

Melnikova TM, Grabovetsky VV, Petrakova 

NV, et al. The successful immune response 

against hepatitis C nonstructural protein 5A 

(NS5A) requires heterologous DNA/protein 

immunization. Vaccine. 2010;28(8):1987-96.  

55. Pujol F, Devesa M, Loureiro C, Capriles 

F, Liprandi F. Turnover of hepatitis C virus 

genotypes in hemodialysis patients. Arch. 

Virol. 1998;143(4):823-827. 

56. Paolucci S, Premoli M, Novati S, 

Gulminetti R, Maserati R, Barbarini G, et al. 

Baseline and Breakthrough Resistance 

Mutations in HCV Patients Failing DAAs. Sci 

Rep. 2017;7(1):16017.  

57. Petersen T, Lee YJ, Osinusi A, Amorosa 

VK, Wang C, Kang M, et al. Interferon 

Stimulated Gene Expression in HIV/HCV 

Coinfected Patients Treated with 

Nitazoxanide/Peginterferon-Alfa-2a and Riba-

virin. AIDS Res Hum Retroviruses. 2016;32 

(7):660-7.  

58. Ng TI, Krishnan P, Pilot-Matias T, Kati 

W, Schnell G, Beyer J, et al. In Vitro Antiviral 

Activity and Resistance Profile of the Next-

Generation Hepatitis C Virus NS5A Inhibitor 

Pibrentasvir. Antimicrob Agents Chemother. 

2017;61(5):e02558-16. 

59. Hartnell F, Brown A, Capone S, 

Kopycinski J, Bliss C, Makvandi-Nejad S, et 

al. A Novel Vaccine Strategy Employing 

Serologically Different Chimpanzee 

Adenoviral Vectors for the Prevention of HIV-

1 and HCV Coinfection. Front Immunol. 2019; 

9:3175.  

60. Meng Q, Rani MR, Sugalski JM, Judge 

CJ, Phat S, Rodriguez B, et al. Natural 

cytotoxicity receptor-dependent natural killer 

cytolytic activity directed at hepatitis C Virus 

(HCV) is associated with liver inflammation, 

African American race, IL28B genotype, and 

response to pegylated interferon/ribavirin 

therapy in chronic HCV infection. J Infect Dis. 

2014;209(10):1591-601.  

61. Yang X, Marcucci K, Anguela X, Couto 

LB. Preclinical evaluation of an anti-HCV 

miRNA cluster for treatment of HCV infection. 

Mol Ther. 2013;21(3):588-601.  

62. Wauchope OR, Tomney MJ, Pepper JL, 

Korba BE, Seley-Radtke KL. Tricyclic 2'-C-

modified nucleosides as potential anti-HCV 

therapeutics. Org Lett. 2010;12(20):4466-9.  

63. Chen Z, Cox BD, Garnier-Amblard EC, 

McBrayer TR, Coats SJ, Schinazi RF, et al. 

Synthesis and anti-HCV activity of a series of 

β-d-2'-deoxy-2'-dibromo nucleosides and their 

corresponding phosphoramidate prodrugs. 

Bioorg Med Chem Lett. 2017;27(23):5296-

5299.  

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

                            12 / 14

http://journal.isv.org.ir/article-1-384-en.html


Combating Hepatitis C (HCV): A Review of Present and Future Perspectives 

78      Iranian Journal of Virology, Volume 14, Number 1, 2020    

64. Baumert TF, Berg T, Lim JK, Nelson DR. 

Status of Direct-Acting Antiviral Therapy for 

Hepatitis C Virus Infection and Remaining 

Challenges. Gastroenterology. 2019;156(2): 

431-445.  

65. Hirano J, Okamoto T, Sugiyama Y, 

Suzuki T, Kusakabe S, Tokunaga M, et al. 

Characterization of SPP inhibitors suppressing 

propagation of HCV and protozoa. Proc Natl 

Acad Sci U S A. 2017;114(50):E10782-

E10791.  

66. Panigrahi R, Hazari S, Chandra S, 

Chandra PK, Datta S, Kurt R, et al. Interferon 

and ribavirin combination treatment 

synergistically inhibit HCV internal ribosome 

entry site mediated translation at the level of 

polyribosome formation. PLoS One. 2013;8 

(8):e72791.  

67. Asselah T, Zeuzem S, Soriano V, 

Bronowicki JP, Lohse AW, Müllhaupt B, et al. 

ITPA Genotypes Predict Anemia but Do Not 

Affect Virological Response with Interferon-

Free Faldaprevir, Deleobuvir, and Ribavirin for 

HCV Infection. PLoS One. 2015;10(12): 

e0144004.  

68. Moon JS, Lee SH, Kim EJ, Cho H, Lee 

W, Kim GW, et al. Inhibition of Hepatitis C 

Virus in Mice by a Small Interfering RNA 

Targeting a Highly Conserved Sequence in 

Viral IRES Pseudoknot. PLoS One. 

2016;11(1):e0146710.  

69. Wei Y, Li J, Qing J, Huang M, Wu M, 

Gao F, et al. Discovery of Novel Hepatitis C 

Virus NS5B Polymerase Inhibitors by 

Combining Random Forest, Multiple e-

Pharmacophore Modeling and Docking. PLoS 

One. 2016;11(2):e0148181.  

70. Kuntzen T, Kuhn S, Kuntzen D, Seifert B, 

Müllhaupt B, Geier A. Influence of Ribavirin 

Serum Levels on Outcome of Antiviral 

Treatment and Anemia in Hepatitis C Virus 

Infection. PLoS One. 2016;11(7):e0158512.  

71. ElHefnawi M, Kim T, Kamar MA, Min S, 

Hassan NM, El-Ahwany E, et al. In Silico 

Design and Experimental Validation of 

siRNAs Targeting Conserved Regions of 

Multiple Hepatitis C Virus Genotypes. PLoS 

One. 2016;11(7):e0159211. 

72. Duan L, Yan Y, Liu J, Wang B, Li P, Hu 

Q, et al. Target delivery of small interfering 

RNAs with vitamin E-coupled nanoparticles 

for treating hepatitis C. Sci Rep. 2016;6:24867.  

73. Swadling L, Halliday J, Kelly C, Brown 

A, Capone S, Ansari MA, et al. Highly-

Immunogenic Virally-Vectored T-cell Vacc-

ines Cannot Overcome Subversion of the T-

cell Response by HCV during Chronic Infec-

tion. Vaccines (Basel). 2016;4(3):27.  

74. Feng JY, Cheng G, Perry J, Barauskas O, 

Xu Y, Fenaux M, et al. Inhibition of hepatitis 

C virus replication by GS-6620, a potent C-

nucleoside monophosphate prodrug. Anti-

microb Agents Chemother. 2014;58(4):1930-

42.  

75. Kalkeri G, Lin C, Gopilan J, Sloan K, 

Rijnbrand R, Kwong AD. Restoration of the 

activated Rig-I pathway in hepatitis C virus 

(HCV) replicon cells by HCV protease, 

polymerase, and NS5A inhibitors in vitro at 

clinically relevant concentrations. Antimicrob 

Agents Chemother. 2013;57(9):4417-26.  

76. Panigrahi R, Chandra PK, Ferraris P, Kurt 

R, Song K, Garry RF, et al. Persistent hepatitis 

C virus infection impairs ribavirin antiviral 

activity through clathrin-mediated trafficking 

of equilibrative nucleoside transporter 1. J 

Virol. 2015;89(1):626-42.  

77. Chung HY, Gu M, Buehler E, MacDonald 

MR, Rice CM. Seed sequence-matched 

controls reveal limitations of small interfering 

RNA knockdown in functional and structural 

studies of hepatitis C virus NS5A-MOBKL1B 

interaction. J Virol. 2014;88(19):11022-33.  

78. Meštrović T. Ribavirin Pharmacokinetics. 

News-Medical. 2018 https://www.news-

medical.net/health/Ribavirin-Pharmacokinetic-

s.aspx.  

79. Lai MY, Kao JH, Yang PM, Wang JT, 

Chen PJ, Chan KW, et al. Long-term efficacy 

of ribavirin plus interferon alfa in the treatment 

of chronic hepatitis C. Gastroenterology. 1996; 

111(5):1307-12.  

80. Luo A, Xu P, Wang J, Li Z, Wang S, 

Jiang X, et al. Efficacy and safety of direct-

acting antiviral therapy for chronic hepatitis C 

genotype 6: A meta-analysis. Medicine (Balti-

more). 2019;98(20):e15626.  

81. Braga AC, Carneiro BM, Batista MN, 

Akinaga MM, Rahal P. Inhibition of hepatitis 

C virus using siRNA targeted to the virus and 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

                            13 / 14

http://journal.isv.org.ir/article-1-384-en.html


Shahzaib M and Ul Haq E 

Iranian Journal of Virology, Volume 14, Number 1, 2020        79 

Hsp90. Cell Stress Chaperones. 2017;22(1): 

113-122.  

82. Halliday J, Klenerman P, Barnes E. 

Vaccination for hepatitis C virus: closing in on 

an evasive target. Expert Rev Vaccines. 2011 

;10(5):659-72.  

83. Geddawy A, Ibrahim YF, Elbahie NM, 

Ibrahim MA. Direct Acting Anti-hepatitis C 

Virus Drugs: Clinical Pharmacology and 

Future Direction. J Transl Int Med. 2017;5(1): 

8-17. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
13

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://journal.isv.org.ir/article-1-384-en.html
http://www.tcpdf.org

