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1. Introduction 

1.1 The burden of Hepatitis C: A geostatic analysis 
 

Hepatitis C virus (HCV), discovered in 1989, represents an important health burden. Hepatitis C virus 
is a spherical, enveloped, positive-strand RNA virus that belongs to the Flaviviridae family, genus 
Hepacivirus. Seven distinct HCV genotypes and 67 subtypes have been identified [1], the distribution 
of which varies geographically worldwide. 

 
Infections with HCV cause both acute as well as chronic liver disease in 60%-80% of the cases and 
chronicity is reported to be associated with the development of cirrhosis (15%-30%) and hepatocellular 
carcinoma (HCC) [2]. Liver damage caused by this infection makes it one of the most frequent 
indications for liver transplantation worldwide [3,4]. Patients can be fully cured from chronic hepatitis C 
virus (HCV) infection thanks to antiviral therapy before requiring a liver transplant. 

 
Interestingly, recent studies showed that reinvigoration of certain immune traits can be seen, but many 
features of immune exhaustion continue over time after viral elimination. Furthermore, it was 
demonstrated that HCV infection alters the position of histone modifications, thereby inducing an 
epigenetic signature that persists following the cure with antivirals and these changes can be reverted by 
specific drugs [5,6]. More detailed studies on exhausted HCV-specific CD4+, CD8+ T cells in chronic 
HCV and studies on the epigenetic imprint of immune cells after successful treatment are warranted. 

 
Even if the quality of epidemiologic data and prevalence estimates differ widely across countries and 
within regions, recent global estimates in term of a “global visualization map,” presented by Lancet 
Gastroenterol Hepatol. (2017) and reported by CDC [7,8] indicated that the viremic prevalence of 
HCV infection is <1.0% in most developed countries, including the United States. The prevalence was 
considerably higher in some countries in Eastern Europe (3.3% in Russia, 2.2% in Latvia) and certain 
countries in Africa (6.3% in Egypt, 7.0% in Gabon), the Middle East (3.0% in Syria), the South 
Caucasus and Central Asia (4.2% in Georgia, 4.3% in Uzbekistan) and southern and eastern Asia (3.8% 
in Pakistan, 6.4% in Mongolia, 2.1% in Taiwan). We report the data showing the 2014- HCV viremic 
prevalence Fig.1A. 
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Fig 1 Viremic prevalence of Hepatitis C. Figures are readapted from [8,9]. Viremic prevalence of 
HCV infection was reported by CDC in a global map in 2017 (A). Hepatitis B and C new infections 
and deaths are reported in the WHO regions. Data were estimated in 2019 (B). 
      
 
According to 2019 data (as updated by the World Health Organization - WHO), 58 million people live 
with chronic hepatitis C [9]. Fig.1B presents Hepatitis B and C new infections and mortality by WHO 
region; new infections and deaths were estimated around 1 500 000 and 290 000, respectively. The 
figure also reports global data relative to Hepatitis B, another potentially life-threatening liver 
infection. Updated WHO Guidance on HCV infection regarding HCV testing and treatment was 
released on the 24th of June 2022 during a joint WHO-EASL-CDC symposium at the EASL 
International Liver Congress 2022 in London. 



 

 

 

 

The lack of accurate and timely data hinders our understanding of the disease burden, prompting a 
cautious interpretation of the recent 2022 CDC surveillance report [10].The need to collect new data 
after the Covid- 19 pandemic is clear since a dearth of accurate and timely data impedes our ability to 
understand the disease burden :  identification of trends in sociodemographic characteristics, risk factors, 
focusing resources in geographic areas and communities as well as settings where they can be most 
effective are pivotal objects of studies [11]. 
 
Hepatitis C is a bloodborne pathogen, which means that it spreads through blood contact. The higher 
risk populations in the United States and in most developed countries include people who inject drugs 
and men who have sex with men, particularly those infected with HIV or those who are taking pre- 
exposure prophylaxis against HIV. In developing countries, injection drug use also can be an important 
risk factor for HCV transmission, but the most common modes of transmission are healthcare 
associated with poor infection-control practices [12]. Occupational exposure in health care fields 
(medical, dental, or laboratory) to human blood may place a health care worker (HCW) at risk of 
hepatitis B virus (HBV),              HCV, or HIV infection. Moreover, there are an estimated 10 million prisoners 
worldwide (over 2 million people  incarcerated in the USA alone) and this population has shown an 
extremely high prevalence of chronic HCV infection: less than one percent of eligible prisoners living 
with HCV are currently treated while incarcerated [13]. 
 
Travelers’ risk for contracting HCV is generally low. The following activities, as reported by WHO, 
can result in significant blood exposure: “receiving blood transfusions that have not been screened 
for HCV,   having medical or dental procedures, activities such as acupuncture, tattooing, or injection 
drug use in which equipment has not been adequately sterilized or disinfected or in which 
contaminated equipment is reused” [9]. 
 
In 2016, the WHO approved the Global Strategy to eliminate HCV infection by 2030 [14]. To achieve 
this goal, the WHO plans to attain “a 90% reduction in new cases of chronic hepatitis C, a 65% 
reduction in hepatitis C deaths, and treatment of 80% of eligible people with chronic hepatitis C 
infections”. Since 2015 the number of the population who received treatment for hepatitis C increased 
to 9.4 million (9-fold). The HCV eradication can be achieved only when synergistic prevention and 
treatment  activities are implemented. 
 
Models of prevention have been extensively described. For instance, the control of blood donors and 
the  prevention of transmission of HCV among persons who inject drugs, as well as models of 
treatment that  involve the elimination of HCV through test and treat strategies which use direct acting 
antivirals (DAAs) with high efficacy and excellent safety. Most patients can be cured with genotypes 
1, 2, and 4 in 12 weeks, yet many genotype 1 patients, and all genotype 3 patients require 24 weeks of 
treatment [15]. 
However, there are some challenges to manage for a full and complete eradication. Below, challenges   
discussed in literature studies [2,13,14,15,16,17,18] are reported: 
 

 
1. Though improvements in screening, treatment, and linkage to care for at- 

risk populations have been achieved, many people with Chronic Hepatitis 
C (CHC) have not been tested or treated in most countries since acute HCV 
usually goes undiagnosed because it is often asymptomatic. 



 

 

 

 

2. HCV management within the prison setting depends on screening, clinical 
and laboratory assessment, specialist assessment, treatment access and 
confirmation of cure. At each step, organizational and financial barriers 
have habitually limited the number of prison-based treatment. 

 

3. It is important to assess the latest estimates of prevalence, especially in 
high-risk groups, for cost of illness, cost-effectiveness, and  budget impact 
studies. Interestingly, the Clinton Health Access Initiative (CHAI) and The 
Hepatitis Fund published two Memoranda of Understanding to dramatically 
lower the price of WHO prequalified hepatitis B (HBV) and C drugs in low-
and middle-income countries. HBV/HCV co-infection is a severe liver 
disease and has an increased risk for liver cancer. Successful use of the 
hepatitis B vaccine [19], as a model can demonstrate what can be achieved 
when an efficient vaccine becomes approved and deployed. 

 
4. The chronic nature of HCV, often in marginalized communities, and in 

combination with the stigma associated with the disease, has left it an 
often-neglected disease in comparison to the acute nature of COVID-19, 
which has focused general efforts to tackle SARS- CoV-2. 

 
 

5. HCV infection is considered a unique human immunological model for the 
study of T cell immunity. Virus specific T cells play a central role in 
spontaneous elimination of acute HCV infection. T-cells becomes 
functionally exhausted during HCV chronic infection and cure by DAA’s 
may not lead to a complete reversion of T cell exhaustion [20,21]. 
 

6. The virus’s genetic variability has been the object of research studies. The 
virus diversifies into numerous subtypes, distinct genotypes, and variants 
(quasi species). This high  intrinsic mutational capacity of HCV allows the 
virus to generate escape mutations which can lead to drug-resistance. Some 
drug-resistant variants have been isolated and they are the result of 
different selective pressure [22]. Further studies are necessary for 
understanding the phenomenon. 

 
7. The recent 2023-CDC report [23] has presented an “HCV clearance 

cascade” with data for approximately 1.7 million persons in the USA with 
evidence of a history of HCV infection despite the availability of DAA. 
 

8. The development of an effective prophylactic or therapeutic vaccine 
becomes necessary to achieve global epidemic control of this virus. 
Vaccines are needed for long term sustainability of elimination and for 
maintaining it. However, an efficient vaccine is still missing. Generation 
of one or more HCV vaccine platforms has generally relied on inducing 
potent and broad antibody neutralization. The development of effective 
HCV vaccines was a challenge because of a lack of a robust animal model, 



 

 

 

HCV strict species tropism, HCV diversity which reflect differences in the 
structure of the virus and variables that affected the host [24]. 

 
  

               In this work, we discuss the burden of undiagnosed hepatitis C in terms of diagnosis and 
               treatment costs to highlight the importance of investing resources in testing, treatments and 
               in effective prophylactic or therapeutic vaccines. 

 
 



 

 

 

2. Proposed solution to current situation 
2.1 Vaccination overcomes access to limitations of diagnostics globally 

 
Chronic infection with HCV is often asymptomatic, thus screening is necessary to identify most patients with 
infection. The diagnosis of HCV infection relies on detection of antibodies to HCV as well as viral RNA 
[25]. To notice, HCV treatment can be remarkably effective when HCV is diagnosed in the early stages of 
the infection and linkages to care are provided. Obstacles vary from one country to another due to economic 
conditions and the spread of the disease in particular groups. The most important of these is the capability of 
access to diagnostics especially in low- and middle-income countries. For instance, implementing planned 
screening programs that target high-risk patients may support the early achievement of the HCV elimination 
goal. There is a need for low-cost HCV diagnostics to be optimized in low- and middle-income countries 
especially where fast increasing numbers of exposed persons in a population are present. Facilitating access 
to screening can generally be achieved by improving serological tests in terms of rapidity and simplicity of 
performance such as using easy-to-access samples like fingerstick capillary whole blood or oral fluid. 
Several strategies have     been evaluated in last years to simplify and facilitate access to screening and 
diagnosis as reported in S. Fourati et al., 2017, [26] where the summary of the main characteristics of 
virological tools used for simplified diagnosis strategies is presented. For instance, some countries (e.g., 
Georgia, Egypt) have already engaged partners to develop an efficacious prevention and control plan, 
leading to an improved access   to diagnostics and treatment. Significant inputs from public health agencies 
are necessary to plan screening programs and educate people unaware of HCV. 
 
Even if affluent nations in Europe and North America have low prevalence rates, HCV infections are often 
undetected, with 80% of infected patients unaware of their infection status [27], as the early stages of HCV 
infection are in most cases asymptomatic. Therefore, unaware people do not seek    medical attention. Indeed, 
many patients infected with HCV in Germany have not initiated treatment, including a majority      of those who 
are aware of their positive diagnosis [28]. 

 
In the USA, the exact number of individuals who are currently infected with hepatitis C virus (HCV), tested 
by the presence of HCV RNA, is unknown, but it is estimated to be over 2 million people and as many as 3.5 
million people. Even in this case, most individuals with HCV infection (approximately 75%) are not aware 
of their  infection. As estimated, 70% to 85% of acute HCV infections become chronic. 
 
Chronic HCV infection is considered the primary reason for liver cirrhosis and hepatocellular carcinoma and 
the leading cause of liver transplantation. In the USA, HCV causes nearly 40% of all chronic liver disease 
and is among the most common indications for liver transplantation [3,4,29]. 
 
To help in the diagnostics, especially when the prevalence of chronic hepatitis C is low in most countries 
where                 making mass screening is neither cost effective nor practical, artificial intelligence (AI) has been 
implemented. In M. Reiser et al., 2021 [30], AI for social medical data was used to identify predictors of 
undiagnosed hepatitis C virus infections. To advance diagnostics and reduce medical costs, 
an Artificial Neural Network (ANN) using a self-organizing map [31] was implemented to analyze socio-
medical data of 1.8 million insured for predictors of undiagnosed HCV infections. Further validation studies 
of AI diagnostics models should be considered.  
 
WHO recommends a shift in testing and treatment delivery for HCV patients. General practitioners and 
nurses at the primary health care should manage the HCV patients rather than the specialists. The point of 
care (POC) HCV ribonucleic acid (RNA) assay is simplified, and an efficient testing  approach is initiated for 
a quick result to make an immediate clinical management decision. This approach is applicable to the 
underserved and marginalized populations with limited access to health care. 



 

 

 

 
In W. Liu et al., 2021 [32], AI was used for the diagnosis and screening of hepatitis, evaluating the incidence 
of the disease, classifying the different stages, forecasting the progression, and predicting response to 
antiviral drugs in CHC patients with a high level of diagnostic performance. 
 
These approaches based on the use of neural networks may allow for a more efficient risk adapted HCV 
screening. However, further validations of the prediction model are required. 
Considering the different cases reported, we can conclude that: 
1) A more practical approach that breaks down the overall goal into smaller goals for patient sub‐ 

populations, known as micro‐elimination, has been discussed. Micro‐elimination works to achieve the WHO 

goals in specific sub‐populations, settings, generational cohorts, or geographic areas [28]. 
2) To successfully initiate a national screening program, an accompanying program to increase awareness is 
required. 
3) AI based approaches need further validations in terms of robustness. 
4) A vaccine for HCV, as a prevention measure, is needed for the disease eradication since the HCV has 
been reported undiagnosed in many cases leading to challenges in surveillance and mass-screening 
programs. 
 
                 
 
 
 
 
 
 

 
 
 
 



 

 

 

 

2.2 Case studies on delivery burden of Hepatitis C treatment  
 
In low-income countries, infectious diseases still account for a large proportion of deaths, highlighting health 
inequities caused by economic differences. Vaccination has been proven to be able to cut health care costs 
and reduce these inequities [33]. “The WHO estimates that two to three million deaths are prevented each 
year through immunization against diphtheria, tetanus, whooping cough, and measles. Nevertheless, the 
WHO also estimates that vaccine preventable deaths are still responsible for 1.5 million deaths each year” 

[34]. 
  
Here we present the different faces of the cost of the illness: 
 

1) Less than 25 % of people who are infected with HCV  
can clear without      treatment. However, when treatment  
is needed, antiviral drugs for hepatitis C are highly effective. 
Hepatitis C drugs had initial high costs due to the huge demand,  
expense of bringing them to marketplace, and industry’s need to recoup R & D investments, further enhanced 
by the lack of a national health care system to negotiate medication costs on behalf of consumers [35] 
outside of the US Military or Medicare system. Larger purchasing pools have helped health plans, together 
with the availability of generic DAAs, to reduce the cost of therapies to consumers and through greater 
medication access provided excellent patient outcomes. 
 

2) The health care market in the United States is consumer-driven due to the free-market economy. This 
consumer-driven health care market is sensitive to patient demand in determining which drugs are purchased. 
 
Consumers frequently make decisions about which drugs are preferred based on access to information about 
drug innovation. Consequently, the consumers in the United States choose newer drugs with greater 
frequency than in other countries. The increase in demand for Sovaldi™ and then Harvoni™ use, mirrors 
this trend.  
 
 
 
 



 

 

 

3) J. A Kwon et al., 2021[36] shows that treating HCV-infected prisoners is highly cost-effective. Additionally, 
it is worthy of mention that, in "Follow California’s Lead: Treat Inmates With Hepatitis C", Health Affairs 
Blog, 2018, 20186 [37], the report indicated that California passed a budget allocating $105.8 million to treat 
22,000 inmates with HCV incarcerated in its correction system. 
 

4) It is well documented that HCV, if left untreated, can lead to serious and costly health problems, including 
cirrhosis, liver cancer, liver failure, liver transplant and even death. 
 

5) In M.J. Barber et al., 2020 [38], the authors summarize originator prices for sofosbuvir, daclatasvir, 
sofosbuvir/ledipasvir, sofosbuvir/velpatasvir, and glecaprevir/pibrenatsvir in 50 countries where    publicly 
accessible price databases were obtained. For instance, the median originator price of sofosbuvir was US 
$40,502 per 12-week course, ranging from US $10,730 in Argentina to US $91,461 in Italy. The median 
price of daclatasvir across all countries was US $26,928 per 12-week course, ranging from US $3144 in 
Russia to US $100,415 in Italy. The most expensive drug relative to GDP per capita resulted in 
sofosbuvir/velpatasvir in Lebanon, which costs 5.9 times the GDP per capita. Remarkably, prices for DAAs 
were shown to not be adjusted based on country income level or potential patient population. Thanks to the 
WHO, low- and middle-income countries can aim to achieve a price as low as US $ 60 per patient for a 12-
week course of treatment with WHO-prequalified generic sofosbuvir and daclatasvir. Prices offered by 
suppliers of WHO prequalified HCV rapid diagnostic tests ranged between US $ 1 and US $ 8 per test. 
However, many countries still have no access to these low prices [39]. 
 
The existing WHO regional models do not capture the significant heterogeneity between countries within the 
same region, including differences in epidemic characteristics, prevention, population groups, costs, and 
existing health systems and in particular the differences between high-income and low-income countries.  
 
 
In all the epidemiological HCV studies, countries with missing data are excluded from regional averages, 
biasing projections towards the epidemiological situations of countries   that have better surveillance and 
reporting systems. On the other hand, a large part of the literature has focused on costs and economic 
benefits of HCV elimination. For instance, the economic modelling presented in N. Scott et al., 2020 [40] 
provides evidence that a finite period of investment in HCV could generate a net economic benefit of $22·7 
billion globally by 2030 and lead to considerable reductions in transmission and mortality, with lower 
ongoing costs. In Fig.2, we present the net economic benefit which was estimated. 
 
 



 

 

 

Vaccination is recognized as a substantial preventive measure that improves health and allows individuals to 
contribute to economic growth. However, there are several gains provided by vaccination and are ignored by 
traditional economic analyses. Interestingly, in M. Toumi et al., 2015 [41], the impact of vaccines is also 
discussed in economic terms with the key sentence “why prevention is wealth”.  
 
 

 
Fig.2 Net economic benefits estimated by 2030. Adapted from N. Scott et al., 2020 [33]. Data were 
aggregated over the six WHO world regions. 
The net economic benefits of the progress and elimination scenarios were calculated as (cumulative testing, 
treatment, health care, and lost productivity costs in the status quo) – (cumulative testing, treatment, health 
care, and lost productivity costs in the investment scenario [progress or elimination]). All costs included 
discounting at 3% per annum. An upfront investment was also considered, and it results in negative benefits 
(below $0). 
 
Among the different strategies proposed for implementing cost-effective measures/programs for                           
Eradication of HCV and to decrease the burden in the health care systems [35], vaccination is one of the 
most cost-effective interventions that contributes to healthcare system efficiency. 
                 
Here, the revised bibliography highlights that immunization allows reductions in healthcare costs, decreasing 
lost labor force productivity, thus contributing to social and economic development. R. Deogaonkar et al., 
2012[42] shows that several broader categories of economic benefits associated with vaccination in many 
low- and middle-income countries (LMICs) are captured in primary studies and quantified in economic 
evaluations. The research identified 26 studies which assessed at least one broader benefit of an 
immunization program. However, further work on techniques to value such categories and combine them in 
terms of economic evaluations is still needed. 
 
It is also important to mention the partial eradication of smallpox, the elimination of polio from most 



 

 

 

continents, and the control of other diseases, including diphtheria, tetanus, pertussis, rubella, and hepatitis     B 
[43]. It is also worth mentioning the estimated total annual paralytic polio cases prevented since 1950, using 
the no vaccine scenario in comparison with either the global RC (solid black curve) or the reported cases 
(dotted purple curve) as shown in Fig.3. This single case provides a remarkable demonstration of the 
substantial impact of vaccines on human health. 
 
 
 
 
                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 

             Fig.3 Visualization of the role of vaccines in prevention of paralysis: remarkable demonstration     
             of the substantial impact of vaccines on human health. Figure re-adapted from K. Badizadegan   
             et al., 2022 [44]. Black diamonds show WHO published point estimates of the paralytic polio cases    
             prevented for the years 1988 to 1995. Abbreviations: RC, reference case; WHO, World Health Organization 

 
 
 



 

 

 

 
 

 
3. HCV 2023 elimination plan in USA  

 
The success of Egypt’s 100 Million Healthy Lives campaign provided an excellent model [44] for creating a 
hepatitis elimination plan throughout the country and illustrated the president's commitment to eliminating 
hepatitis. In March 2023, the Biden-Harris administration proposed to Congress in its own National Hepatitis 
Elimination Program [46]. Unlike Egypt, the United States does not possess a national health service and as a 
result, standardized 
protocol for surveilling, 
identifying, and treating 
hepatitis C is not available. 
We have previously 
discussed that, despite the 
CDC’s universal testing 

guidelines, 40% of the 
United States’ population is 

unaware of their 
asymptomatic infection. 
Furthermore, multilevel 
barriers at the patient, 
provider, and system levels 
are known to contribute to 
difficulties with access to 
HCV testing and treatment. 
Barriers to care has been 
the object of different 
research studies especially 
for addressing disparities in 
HCV care and treatment 
[47]. We can here cite two 
example research cases: 1) population studies that address demographic-based barriers (e.g., age, race, and 
income) and insurance-based barriers in federally qualified health centers as the one recently discussed in D. 
Lam et al., 2022 [48], 2) different studies on identifying and removing barriers to treatment promoted by the 
U.S. Department of Veterans Affairs [49]. 
 
The USA Elimination Program plan has aimed to “increase access to curative medications and expand 

implementation of complementary efforts such as screening, testing, and provider capacity.” The plan tackles 
the principal elimination barriers: the will, the public awareness, the infrastructural organization, and the cost 
[50]. 
 
The recent 2023-report from the CDC, published in the CDC’s Morbidity and Mortality Weekly Report 

indicates that despite the availability of DAAs, only about one-third of people with hepatitis C viral infection 
(HCV) are achieving viral clearance. The following quantitative data have been presented [24,51]:  
 

• A total of 1.7 million people were identified as having HCV between 2013 and 2021.  
 

• The deaths of more than 14,800 people in 2020 was caused by the infection. 

https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-c/table-3.8.htm


 

 

 

 
• By December 31, 2022, viral testing was received by 88% of patients.  

 
• Of those tested, 69% were reported to have initial infection.  

 
• Among those with initial infection, just 34% were classified as cured or cleared, either due to treatment or 

spontaneous clearance.  
 

• Of those achieving viral clearance, 7% were reported as having persistent infection or reinfection. 
 
 
The report study underlines that much work is still needed to increase access to DAAs, improve diagnostics 
and prevention efforts. Furthermore, the CDC press briefing transcript [52] commented on a proposed model 
to deal with the cost issues that some people called the “Netflix model”. This was successfully piloted in 

Louisiana and proposed negotiation of medications with the companies that have oral therapy approved by 
FDA. As stated by Dinah V. Parums, MD PhD in Medical Science Monitor [53], there is a current hope that 
the USA national elimination program will promote public awareness and advance research development of 
effective vaccine platforms to wipe out HCV.  
 

4. Long-term goals 
 

4.1 The need for an HCV vaccine and broad-spectrum research on virus evolution. 
 
We have previously discussed how vaccines can be pivotal in disease eradication and maintenance. Other 
considerations can be made concerning the need for vaccines. SARS-CoV-2 (as well as other viruses) 
showed the great capability of mutation, adapting to their surroundings and more effectively moving from 
host to host (the so-called spillover events [54]). RNA viruses especially evolve with remarkable rapidity, 
with rates of mutation and substitution that are many logs higher than those of genes from cellular 
organisms. Such rapid changing rates mean that RNA virus evolution is highly dominated by        the process of 
mutation [55]. Hence, vaccine development can help for giving insights in understanding and monitoring the 
ability of a virus to generate successful escape mutations. HCV is considered a rapidly mutating RNA virus, 
with a mutation rate ranging from 3.5 × 10–5 to 1.2 × 10–4 base substitutions/site/year which is mainly driven 
by the error prone NS5B RNA-dependent RNA- polymerase [2]. These spontaneous rapid mutations result in 
a high genetic diversity, resulting in so-called “quasispecies.” Despite the large number of HCV genotypes 

and subtypes, circulating recombinant forms (CRFs) have been described, yet are seldom seen in patients 



 

 

 

[56]. The huge genetic variability of HCV brings discrete challenges to host immune control, to the 
management of HCV- infected patients, and to the development of pan-genotypic treatments. Previously, in 
2017, A. Ansari [57] and colleagues at the University of Oxford and other institutions showed the results of a 
genome-to-genome analysis which revealed that the HCV genome evolves in response to the genome of the 
infected individual. Furthermore, F. Nakamura et al., 2022 [58] discussed the emergence of HCV with 
Resistance Associated Substitution (RAS) as a major problem in direct DAAs treatment. The RASs in the 
HCV genome are thought to be produced because of spontaneous mutations of the HCV RNA, and some 
HCV with RASs can result in response to the selective pressure of DAAs. However, the mechanism 
underlying the spontaneous mutations of HCV is not yet fully understood [59]. 
 
More research using Whole Genome Sequencing (WGS) to investigate the relationship between viral 
diversity and duration of HCV infection is needed to compare the longitudinal evolution of each HCV gene 
region. Additionally, the role of factors such as recent injection drug use, which displays higher levels of 
intra-host HCV diversity due to re-infection, mixed infection, and higher variability among founder variants, 
has not been adequately addressed. Interestingly, results from recent studies revealed that genetic diversity 
and intra-host viral evolution can be different for recent injection drug users [60]. 
 
A minority of patients clear the virus spontaneously during acute infection. On the other hand, most patients 
are unable to clear the virus and develop viral persistence with an ongoing innate and adaptive immune 
response. This has led some research to focus on understanding factors that contribute to viral persistence 
and spontaneous clearance [61,62]. HCV has a strict species tropism for humans, and it has developed 
several strategies for evading the humoral immune system. The complexity of defining the role of 
neutralizing antibodies (Nabs) in protection from HCV is increased by differential features of the virus 
particle linked to changes in the E1–E2 viral envelope proteins or associated host factors, which can 
substantially alter sensitivity to the Nabs. 
 
Interestingly, using low-temperature electron microscopy, scientists at Scripps Research and the University 
of Amsterdam report have mapped critical proteins that cover the surface of HCV and enable it to enter host 
cells [63]. The E1E2 envelope complex of HCV has been extremely challenging to image at high resolution. 
In this study, the researchers were able to find that a combination of three broadly neutralizing anti-HCV 
antibodies can stabilize the E1E2 complex in a natural conformation. Unique features of E1E2 in complex 
with various neutralizing antibodies and small molecule inhibitors were studied by Electron Microscopic 
Analysis (EM) for understanding its antigenicity and induction of immune response [64]. Having structural 
details of E1E2 may help researchers in designing vaccines that    powerfully elicits antibodies to block HCV 
infection.  
 
We can conclude that, from a broad-spectrum future perspective, a vaccine for HCV can be a resource for 
dealing with pathogens which show extraordinary difficulty in studying their envelope protein complex and 
exhibit high rates of escape mutations.
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5.Conclusions 
              
We have explored how vaccination can contribute to disease eradication as a cost-effective approach. The 
recent achievements in structural biology may help in the design of a vaccine. 
 
Here are the key points of our analysis: 
 
 

• Undiagnosed HCV cases and attempts for fast screening are challenging, especially if we aim for     mass 
screening. More quantitative and qualitative data are needed for reporting HCV viremic prevalence from 
2022 in WHO regions. 

• Cost savings of HCV treatments are discussed. Evidence shows that the cost of treating the incarcerated is a 
major concern but generates a significant return on investment over the long term and reduction of general 
population transmission once former prisoners are released back into communities. 

• The emergence of hepatitis C virus (HCV) with resistance-associated substitution (RAS),          
produced by mutations in the HCV genome, is a phenomenon of studies. 

• Vaccines are important clinical components for eradicating HCV, and these will go hand in hand with 
existing and future treatments, testing and implementing preventive interventions that change lifestyles, 
behaviors, and wellness. 

• The hard work that has allowed the rapid and effective development of vaccines against SARS- CoV-2 should 
be a good example of what can be achieved if the efforts are focused on tackling the HCV health burden. 

In conclusion, in addition to the current treatment research, allocating funds for the purpose of producing an 
HCV vaccine boosts the overall research area for hepatitis C development that has been left behind in terms 
of the arsenal of innovations that can be effectively translated into a public health benefit. 
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