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Abstract 
The fundamental discovery of the hepatitis C virus (HCV) in 1989 has led to winning this year’s Nobel Prize in Medicine. This achievement 
guided all the steps in identifying the elements of the virus, in order to develop the treatment and to increase the screening solutions, which 
have slowed the exposure to the virus. The management of infection started with interferon-alpha (IFN-α), which has later enhanced by 
adding Ribavirin. Nowadays, HCV treatment is based on direct-acting antiviral agents (DAAs). Currently, HCV infection benefits of curative 
treatment, with which most patients can be cured. When speaking about hepatitis C future, we can say it is looking bright, considering all 
the progress that has been made in recent years and all the options that we have for curing all genotypes of HCV infection. The aim of this 
review is to sum up the historical characteristics of HCV discovery, the evolution of treatment and screening actions, gaps, and stages for 
achieving the international elimination target of the World Health Organization. 
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 Introduction 
This 2020 Nobel Prize in Physiology or Medicine was 

awarded to Harvey J. Alter, Charles M. Rice and Michael 
Houghton who have made in 1989 seminal discoveries 
that led to the identification of hepatitis C virus (HCV). 
They had a decisive contribution in the fight against blood-
borne hepatitis, a major public health problem, being the 
source of cirrhosis and liver cancer around the world. 

HCV has been recognized as culprit in the rest of the 
situations of chronic hepatitis, and it has made possible 
the creation of new drugs from blood samples that were 
taken, in order to save millions of lives. 

Background: from non-A and non-B hepatitis 
to hepatitis C 

In 1965, Blumberg et al. discovered the hepatitis B 
surface antigen (HBsAg), originally known as Australia 
antigen, at that time it was considered as being the primary 
cause of serum hepatitis [1]. In order to prevent post-
transfusion hepatitis, sensitive tests for HBsAg were 
developed, thus reducing the number of cases by 50%. 
However, even though patients received from donors only 
blood that was HBsAg negative, there still were some 
hepatitis cases. 

The first existence of HCV was fully recognized in 
1975, when Feinstone et al. detected hepatitis A virus, 
while serological tests to identify both hepatitis A and B 
were in development. It was found that a lot of cases of 
transfusion-associated hepatitis were not correlating with 
the two known hepatitis viruses, and so the disease was 
described as “non-A, non-B hepatitis” (NANBH) [2]. After 
subsequent transmissions, studies in chimpanzees showed 
that NANBH was most likely caused by a small-enveloped 
agent, which progressed to liver cirrhosis that was 
confirmed in NANBH patients [3]. Hoofnagle et al. 
started a study in which NANBH was treated with 
Interferon (IFN)-α2b. Results showed that the serum 
aminotransferase levels decreased rapidly on IFN therapy 
[4]. During the next decade, despite these findings, 
comprehensive laboratory research was necessary to finally 
reveal the disease-causing agent. 

In 1989, Houghton et al. cloned and sequenced the 
virus genome and called it HCV [5]. After these discoveries, 
sensitive tests for HCV detection were made and the 
elimination of the virus from the blood transfusion supply 
was possible. 

After the successful depiction of HCV, following 
analyses divulged that the HCV genome consists of 
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approximately 9600 nucleotides [6, 7]. Translation of the 
HCV open reading frame (ORF) produces a polyprotein 
precursor of 3010 amino acids [8] that is cracked by a 
combination of viral proteases hosted into 10 different 
products. Thus, it contains three structural proteins involved 
with viral particle production (core, E1 and E2) and seven 
non-structural proteins (NS2 to NS5) that permit viral 
processing and replication, as well as particle assembly. 
HCV was classified as an affiliate of Flaviviridae family, 
Hepacivirus genus, it also has a related genome organization 
as Flavivirus, Pestivirus and Pegivirus (GBV-C human 
virus) [9–13]. 

HCV is an enveloped virus, the first indication is the 
empirical inactivation of HCV by chloroform, followed 
by transmission to chimpanzees [9]. It replicates in 
hepatocytes of infected patients (glycoproteins E1 and E2 
help the virus to enter the hepatocyte). Translation and 
replication were found to be vulnerable on liver-specific 
micro-ribonucleic acid-122 (miRNA-122) [11, 12]. Since 
2011, the use of chimpanzees (the only model that 
allowed studies of HCV infection and related instinctive 
and adaptive host immune responses) has been restricted 
or even eliminated. Recently, Ploss et al. developed 
genetically humanized mice with defined HCV replication, 
which might clear the way for new possibilities of HCV 
vaccine for protective immunity [2]. 

In 1993, phylogenetic analyses demonstrated that HCV 
could be classified into six genotypes (GTs) with important 
subtypes [14–16]. Subtypes 1a, 1b, 2a, 2b, 3a, 4a, 5a and 
6a are being studied explicitly, they are well-defined 
worldwide and by specific population groups [17]. GT1 
and GT3 are the most frequent GTs (46% and respectively 
30% of all HCV cases). GTs 2, 4, 5 and 6 are reported 
for 9%, 8%, 1% and 6%, respectively. GT7 was reported 
in 2014, and recently GT8 has been found in four patients 
from India [18]. Today, the exact determination of GT 
and its subtypes provide us important values about 
geographical prevalence in different countries and infor-
mation for targeted anti-HCV treatment. Furthermore, the 
distribution of GTs and its subtypes has changed over 
time. The reason would be the elimination of it being 
transmitted by transfusion, the migration from regions with 
different GTs distribution and intravenous drug abuse. All 
these factors have a major role in altering transmission 
routes [2]. 

Aim 

The present review article exposes historical aspects 
of HCV discovery, the evolution of treatment opportunities 
and the screening strategies. We also discuss what gaps 
still exist for a global HCV elimination by 2030. It 
summarizes the future steps that are needed for obtaining 
our objectives now that the world’s attention is being 
centered on the ongoing severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) pandemic. 

 Diagnosis of the HCV infection 
HCV is considered a hepatotropic virus, which can 

cause acute and chronic infections and liver damage. 
HCV approaches the liver cell via the bloodstream, and 
its infiltration into the cell occurs after adherence to 
receptors on the surface of host cells being a complex 

process involving many factors related to both the host 
and the virus [19, 20]. The virus multiplies in the liver 
cell, being released afterwards. Replication occurs with 
an increased rate of mutations, which is why a single 
individual can appear different but approximately variants 
of the same virus. In these cases, the virus circulates as a 
quasispecies. Innate and adaptive immunity are opposed 
to this multiplication [21]. 

After the initial increase in viremia levels, it follows 
a period of 4–6 weeks of growth, characterized by the 
absence of HCV-specific T- and B-lymphocytes and the 
absence of liver inflammation. HCV RNA can be identified 
in serum in two weeks in almost all patients [22]. Serum 
transaminases begin to increase later than the second week 
after exposure, and their levels reach maximum values at 
8–12 weeks. Anti-HCV antibodies can occur at different 
moments, at the time of maximum transaminase growth 
or after, up to six months after infection. Some patients 
may never develop antibodies, if the viral clearance 
occurs before the appearance of HCV antibodies [23]. 
The clearance of HCV depends on the development of 
neutralizing antibodies. Acute HCV infection is followed 
by chronic HCV infection if the immune system cannot 
eliminate the virus for more than six months after exposure. 
Chronic viral hepatopathies C require specific evaluation 
and monitoring, mainly due to the increased risk of 
progression to liver cirrhosis and hepatocellular carcinoma 
[24]. Inflammatory cells of the intrahepatic infiltrate are 
the main cause of the liver fibrosis [25, 26]. Age, gender, 
and race are factors that can determine the progression 
of fibrosis. 

HCV diagnosis is represented by indirect [anti-HCV–
immunoglobulin M (IgM) for new infections and anti-
HCV–immunoglobulin G (IgG) for old infections] and 
direct methods (using virus antigen). Transaminases are 
used to evaluate the liver. Real-time polymerase chain 
reaction (PCR) was performed in cases with low viral 
loads. 

Assessment of hepatic fibrosis 

The prognosis and evolution of chronic viral hepatitis 
is mainly based on the quantification of the degree of 
hepatic fibrosis, which must be as accessible as possible 
to the patient, without additional costs and not to require 
repetition. Although liver biopsy (LB) is considered the 
reference criterion in the evaluation of liver fibrosis, its 
invasive nature and low patient acceptability have led to 
the development of new methods of investigation (Table 1). 
In the last 10 years, at European level, there has been a 
decrease in the number of LBs, being preferred non-
invasive methods, such as imaging or serology [27]. Their 
imposition as a first-line diagnostic protocol is also 
justified by the fact that hepatic fibrosis has a dynamic 
character, the monitoring of antifibrotic treatment being 
difficult to perform by liver puncture. 

The use of imaging techniques in the diagnosis and 
evolution of chronic viral liver disease has opened new 
horizons for assessing the stage of fibrosis, from an 
incipient fibrosis to the stage of cirrhosis. The broadening 
of the spectrum of ultrasonography that follows the well-
known characteristics of a cirrhotic liver has allowed the 
non-invasive evaluation of liver fibrosis by implementing 
different elastography techniques. Thus, whether quantitative 
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or qualitative elastographic techniques were used, the 
patients benefited from another option in the evaluation 
of a liver disease. 

Table 1 – Advantages and disadvantages of liver biopsy 

Liver biopsy 

Benefits Disadvantages 

Clear diagnostic criteria Major invasive test 

Diagnostic value confirmed Complications include death 

May suggest the etiology Significant sampling errors 
Can perform differential  
diagnosis 

High cost 

Assess the degree and stage  
of liver damage 

Inter-observer variability 

It can decide the therapy  

Liver biopsy 

For the last 50 years, hepatic biopsy has been considered 
the standard classification criterion for fibrosis [28], as it 
provides the physician with the necessary information not 
only on the degree of fibrosis, but also on other processes 
that take place in the liver, such as necrosis, inflammation, 
steatosis, or the level of copper and iron deposits [29, 30]. 

Inflammation (Figure 1), as well as necrosis and accom-
panying fibrosis (Figure 2) are defining trademarks of liver 
damage in viral hepatitis. Sometimes, inflammatory infiltrate 
fills important volumes between liver lobules, thus creating 
a “spilling” effect over the surrounding hepatocytes 
(Figure 3). One of the common aspects encountered when 
analyzing LBs can be cholestasis (Figure 4). Steatosis, 
both micro- and macrovesicular (Figure 5) also contribute 
to the altered cytoarchitectonics, with lipid accumulation 
above 5% of the total cells. The centrilobular veins are 
surrounded by altered tissue and exhibit stasis (Figure 6). 

All scoring systems greatly rely on sample quality. 
Since the morphology and integrity of the liver parenchyma 
is already affected in hepatitis and cirrhosis, it is sometimes 
difficult to obtain good quality samples. Previous studies 
established that a minimum of 10 complete portal spaces 
are needed in a sample, in order to minimize variability 
and therefore increase the reliability of the interpretation. 
The histological activity index introduced by Knodell and 
Ishak was not enough to properly grade disease severity, 
thus leading the way for the modified variant that was 
widely accepted. 

 

 
Figure 1 – Pathology image: findings from a biopsy 
sample of an HCV patient exhibiting fibrosis and chronic 
inflammation of the liver parenchyma (HE staining, 
×200). HCV: Hepatitis C virus; HE: Hematoxylin–Eosin. 

Figure 2 – Necrosis of the parenchyma and inflammatory 
infiltrate surrounding normal hepatocytes (HE staining, 
×200). 

 

 
Figure 3 – Lymphocyte spill-over in the intralobular 
space and between hepatocytes (HE staining, ×200). 

Figure 4 – General aspect of fibrosis, inflammatory 
infiltrate, canalicular proliferation within the portal 
spaces and aspects of cholestasis in an HCV patient 
(HE staining, ×100). 
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Figure 5 – Micro- and macrovesicular steatosis (HE 
staining, ×200). 

Figure 6 – Centrilobular vein exhibiting intravascular 
stasis, surrounded by vacuolar degenerescence of the 
hepatocytes (HE staining, ×100). 

 
Today, Knodell, Ishak, and Metavir scoring systems 

are the most widely used for LB evaluation [31]. The 
Ishak score, or revised Knodell system, was initially applied 
to chronic viral hepatitis B and C. Notably, the initial 
study published in 1981 included 14 biopsies from five 
patients, one with hepatitis B and four with NANBH. 

The Metavir rating system [32] has been specifically 
designed to assess liver damage in people infected with 
the HCV. The Metavir score for hepatitis C comes with 
the advantage that it is relatively simple; it is focused on 
necro-inflammatory lesions but also because it has an 
increased sensitivity in the degree of evaluation [33]. 

Imaging methods 

Transient elastography 

Transient elastography (TE) is a non-invasive 
elastography imaging technique capable of determining 
the elasticity of liver tissue by generating an elastic wave 
of (50 Hz) and an ultrasound (US) wave (1500 m/s). 
The technique has been integrated into a device called 
Fibroscan (Echosens, Paris, France), which uses a 3.5 Hz 
transducer (standard M probe) that emits consecutive 
vibrations to record values [34]. 

Elasticity or hepatic rigidity is measured in the right 
lobe, by intercostal approach, with the patient positioned 
in supine position and with the right arm above the head, 
in maximum abduction. Choose a portion of the liver 
parenchyma >6 cm thick, devoid of vascular structures and 
the measurement is being made at a depth of 25–65 mm. 
Make 10 valid measurements (kPa) and calculate their 
average [26]. The scale ranges from 2.5 kPa to 75 kPa. 
Liver rigidity correlates with the degree of fibrosis, a 
higher degree of fibrosis leads to greater rigidity. The 
average in healthy adults is 5.81±1.54 and 5.23±1.59 kPa, 
for men and women, respectively. 

TE is a fast, easy-to-perform method with high 
availability, which can evaluate a sample area often 100 
times larger than a biopsy. However, it is difficult to state 
that the chosen area is without parenchymal changes, 
which could affect the measurements. 

Acoustic radiation force impulse elastography 

Acoustic radiation force impulse (ARFI) elastography 
is a relatively new elastographic technique that can estimate 
tissue rigidity by measuring the speed of the shear wave 
induced by acoustic radiation, a technique that is used with 
the Siemens Acuson S2000 Virtual Touch™ US system 
(Siemens AG, Erlangen, Germany). This technology 
visualizes both liver tissue but can also quantify liver 
rigidity. The higher the rigidity of a tissue, the higher the 
speed. ARFI has the advantage of providing an elastographic 
measurement of liver rigidity using a conventional ultra-
sonograph [34]. 

Similar to TE, scanning is performed through the fifth 
intercostal space, examining in depth the right hepatic 
lobe (segment V–VIII), asking the patient to keep the right 
arm in abduction. Minimal scanning pressure is applied 
by the operator. The number of measurements required, 
and which is reported in the literature varies between six 
and 10 [35, 36]. 

Real-time elastography 

Real-time elastography (RT-E) is an imaging technique 
that directly reveals the physical property of tissues using 
a conventional ultrasonography probe. The principle of 
this technique is that if an elastic medium is compressed 
with constant pressure with axial orientation, it produces 
deformations in the tissue. If one or more constituent 
elements of the tissue have different rigidity, their 
deformation will be different [26]. 

This technique differs from other ultrasonographic 
techniques in that it does not provide a quantitative estimate 
of liver rigidity. RT-E measures the induced deformation 
of the structures examined by the probe, in a conventional 
US image in B mode, then generating color-coded maps 
(elastograms) that reflect the elasticity of the tissue [37, 
38]. The harder the tissue structure, the bluer the color 
of the evaluated tissue, and the more elastic the tissues 
will appear in red. 

ElastPQ elastography 

Developed by Philips (Philips Medical Systems, USA), 
ElastPQ is the latest elastographic method for non-invasive 
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evaluation of liver fibrosis based on US, and similar to 
ARFI elastography, uses the phenomenon of acoustic 
radiation force impulse. 

The ElastPQ system generates an electronic voltage 
pulse, which is transmitted to the transducer, where the 
electronic pulse is converted into an ultrasonic pressure 
wave, which is transmitted through the body’s tissues. 
Doppler mode creates waves in soft tissues and estimates 
tissue rigidity by determining the speed at which these 
shear waves pass through region of interest (ROI). Similar 
to ARFI, ROI has a predefined size, provided by the 
system (15 mm long and 5 mm wide). The obtained results 
are displayed on the screen and the operator can choose 
in m/s or in kPa [26]. 

SuperSonic shear imaging elastography 

This technique is integrated into an Aixplorer™ ultra-
sonographic system (SuperSonic Imagine S.A., Aix-en-
Provence, France). The SuperSonic shear imaging (SSI) 
principle consists in the combination between the induction 
of “shear waves”, their concentration in one place and 
the ability to capture images at very high speed. In order 
to capture them in as much detail as possible, very fast 
frames are needed, of several thousand per second (up 
to 5000 frames/s). The speed of the shear waves is then 
estimated by a Doppler system as an acquisition on an 
area of interest and is used to calculate the rigidity of the 
tissue using an image in different colors superimposed 
on the B mode – in red rigid tissues and in blue – soft 
tissues [31, 32]. At the same time, a quantitative estimate 
of liver elasticity is made, its average value in ROI 
(whose size can be changed by the operator), as well as 
the standard deviation of the measured elasticity, being 
displayed on the screen, in kPa, or in if the operator 
chooses, in m/s. The advantage of this technique is that 
the result can be displayed at the same time by the color 
map, but also by numerical values [39, 40]. 

Magnetic resonance imaging elastography 

In the last decade, significant technological progress 
has been reported in the development of magnetic 
resonance imaging (MRI) as a clinical application aimed 
at using the physiological and biomechanical properties of 
human liver tissue to detect diffuse or focal pathological 
conditions, with an excellent correlation of liver elasticity 
with liver fibrosis [41]. 

MRI elastography uses a technique based on the phase-
contrast sequence that is sensitive to the characteristics 
of the acoustic wave that occurs in the target organ, and 
recently this technique has been implemented in assessing 
the elasticity of several types of tissues [42]. 

Currently, MRI elastography is considered the most 
effective method for assessing liver fibrosis. A transducer 
is placed under the patient’s chest to produce images 
that make up maps of viscosity as well as maps of liver 
elasticity in a much larger area of interest than other 
methods [43]. 

It has several important advantages, including avai-
lability in obese and ascites patients. It is not limited by 
narrow intercostal spaces; it has an increased sensitivity 
to other elastographic methods in defining average fibrosis 
and better reproducibility. This technique can be imple-

mented in a conventional MRI system by simply adding 
software and hardware. 

Serological methods 

In recent years, there has been a particular interest in 
the non-invasive assessment of hepatic fibrosis and steatosis. 
The non-alcoholic fatty liver disease (NAFLD) fibrosis 
score considers six variables [age, body mass index (BMI), 
hypertriglyceridemia, platelet count, albumin and aspartate 
transaminase/alanine transaminase (AST/ALT) ratio] and 
can be calculated online (www.nafldscore.com). A meta-
analysis of 13 published studies totaling 3064 patients 
[44] identified auspicious values of sensitivity and speci-
ficity for the exclusion of advanced fibrosis in patients 
with NAFLD. Enhanced Liver Fibrosis Panel evaluates 
the plasma values of three matrix proteins [hyaluronic 
acid, tissue inhibitor of metalloproteinase-1 (TIMP-1) 
and procollagen 3 N-terminal peptide (PIIINP)] and has 
a sensitivity of 80% and specificity of 90% in the 
detection of advanced fibrosis [42, 43]. The quantitative 
determination of cytokeratin 18 (CK18) fragments in 
the blood as a predictor of non-alcoholic steatohepatitis 
(NASH) in patients with NAFLD has also been studied. 
The presence of CK18 correlates significantly with the 
NASH elements identified on LB (78% sensitivity and 
87% specificity) [45–47]. Although all these studies 
have positive results, the cut-off values are not clearly 
identified so that they can be used in current practice. 

Three blood tests have recently been tested and 
promoted to estimate fibrosis and its aggravating factors, 
steatosis, and NASH: SteatoTest, NashTest and FibroTest. 
FibroMax is the association between these three tests and 
provides the treating physician with complete information 
on liver damage [48]. All these algorithms included in 
FibroMax are patented and belong to the French Public 
Health Organization (Assistance Publique–Hôpitaux de 
Paris, AP–HP). SteatoTest has values between 0–1, 
provides an overall assessment of hepatic steatosis 
regardless of the causative factor (chronic viral hepatitis 
C, dyslipidemia, diabetes or obesity) and takes into account 
10 values of blood biological constants (α2-macroglobulin, 
haptoglobin, apolipoprotein A1, total bilirubin, gamma-
glutamyl transpeptidase, ALT, AST, total cholesterol, 
triglycerides, blood sugar), which they interpret according 
to age, gender and BMI [49]. The sensitivity and specificity 
values of the method are satisfactory for a non-invasive 
assessment of steatosis and are superior to US assessment 
[50]. The role of NashTest is to identify NASH in patients 
with NAFLD, to stratify patients with lower or higher 
liver injury and their risk of developing progressive disease 
[48, 51]. The test result can be: NASH certain, NASH 
possible, without NASH. Given that liver lesions are 
inhomogeneous, and diagnosis is poorly accurate using 
LB [52], more and more studies recommend NashTest 
for screening patients at high risk (obesity, diabetes, 
hypertriglyceridemia) [53–55]. FibroTest is a universal 
test, validated to provide a quantitative estimate of fibrosis 
regardless of etiology and to predict both in the short and 
long term the evolution of liver disease [48, 56]. The tests 
included in FibroMax also have some limitations. They 
cannot be interpreted in approximately 5% of patients 
with acute hemolysis, acute hepatitis, acute inflammation, 
and extrahepatic cholestasis [57]. 
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 Treatment: early and current options 
The first pharmacological regimen for HCV was 

introduced in the final decade of the last century, consisting 
of α2a or α2b monotherapy. After two randomized 
controlled assays (one with two million units IFN-α2b 
versus placebo three times/week for six months and the 
other with one or three million units IFN-α2b versus 
placebo three times weekly for six months), IFN-α2b was 
officially approved for HCV treatment [58–60]. However, 
high relapse rate, frequent side effects and median sustained 
virological response (SVR) led to the possibility of another 
agent. In early 1990s, Ribavirin came as a first attempt 
to treat chronic hepatitis C as a monotherapy and it gave 
immediate results: ALT decreased rapidly, but they rose 
back to pre-treatment levels after discontinuation of 
Ribavirin administration [61, 62]. 

All these studies led to clinical assays where IFN-α 
was combined with Ribavirin in HCV treatments. Results 
revealed higher SVR or even complete HCV RNA 
clearance (the response rates increased to 30% to 40%), 
such as after multicenter randomized trials on a large-
scale. In 1999, the combination of IFN-α and Ribavirin 
was ratified as the accepted treatment of HCV. 

Because of the rapid clearance of the IFN-α2b drug 
(difficulties involving administration three times per 
week) and the heavily dependency on the hepatitis C GT, 
Pegylated IFN-α2b (PegIFN-α2b) was developed as a 
response. It reduced the frequency of the administration 
by slowing down the rate in which the drug is absorbed, 
thus reducing distribution, and decreasing the rate of 
elimination [1, 19]. The new combination of PegIFN-α2b 
and Ribavirin has proven to be the principal option of 
HCV therapy for the next decade. Recently, studies have 
shown that a number of side effects were related to IFN 
therapy: neutropenia, alopecia, hypothyroidism, nausea, 
flu-like symptoms, vomiting, weight loss, even depression 
and irritability. In the meantime, better observation of HCV 
structure, lifecycle and enzymes guided the introduction 
of new drug purposes. 

In 2011, the first direct-acting antiviral agents (DAAs) 
were discovered and approved for the treatment of HCV 
infections. It was a major change that transformed the 
HCV options in treatment. Telaprevir and Boceprevir 
(NS3/4A protease inhibitors) were the initial DAAs 
solutions for HCV [63]. These protease inhibitors were 
added to the IFN and Ribavirin administrations. Even 
though they had considerably increased the response rates, 
they also had significant side effects and were limited to 
restricted GT activity. In 2013, Sofosbuvir was developed, 
the first NS5B polymerase inhibitor, which also did not 
require IFN administration (Figure 7). As it is shown in 
Figure 8, DAAs products were developed to target the 
nonstructural coding sequence of HCV. Each product uses 
a combination of drugs in order to achieve the desired 
synergistic effect. These once-daily treatments are oral 
and only needed to be given for eight to 12 weeks, with 
few side effects and drugs interactions. 

The original price for the therapy was around $ 
160 000 in the beginning. However, as time passed  
and competition raised, in 2020 the current cost is 
approximately $ 26 000. 

Now, with the opportunity of HCV treatment procedures 
and a declining cost, the “micro-elimination” approach 

started to be the focus of the global health strategy on 
HCV [63]. 

 Global HCV elimination in 2030 
Worldwide, HCV is a major public health concern 

that in 2015 counted up to 257 million individuals having 
a chronic hepatitis B virus (HBV) infection. An estimated 
71 million of the global population will be chronically 
infected with HCV and 1.75 million with the new hepatitis 
C infection. 

In 2016, the World Health Organization (WHO) 
authorized the Global Health Sector Strategy that ratified 
the elimination of hepatitis disease by year 2030 [64–66]. 

The WHO goal for HCV is to reduce its incidence by 
90% and decrease hepatitis C deaths by 65% by year 2030 
[66]. This target was based on increased screening using 
rapid tests for diagnostic orientation, improving access 
to HCV treatment and post-cure follow-up, reinforcing 
prevention by innovative actions optimized for populations 
outside the healthcare system and more efficient, highly 
available and well tolerated therapy is still needed. We have 
further detailed other factors that prevent the achievement 
of the WHO targets (Figure 9). 

Improved screening is now critical to reach the WHO 
target. Considering that two-thirds of the population with 
hepatitis C are not aware of their own infection, the public 
health strategy can consider the need of focusing on 
increased screening. The “micro-elimination” concept 
seems to be still the key in many countries. According 
to Polaris, Iceland, Switzerland, Australia, Italy, Spain, 
Mongolia, France, Georgia, Netherlands, Japan, and the 
United Kingdom diagnosis programs, by sufficient funding 
and optimal care, are closer to achieve the WHO 
objectives to eliminate hepatitis. In low-income and 
middle-income countries, current HBV and HCV treatment 
rates are low. They are in need of receiving support both 
financially and politically, from medical and pharma-
ceutical companies, as well as from civil societies [67]. 

The target of micro-elimination is to increase the 
number of patients from disadvantaged groups who get 
to be tested by the use of rapid diagnostic orientation 
tests. This implies that individuals who test positive will 
be immediately offered treatment and subsequent cure. 
HCV transmission ends when the elimination goal is 
achieved. This can only happen when enough people from 
these disadvantaged groups are cured. This principle 
was the master plan of the countries mentioned above. 
They have made impressive developments in reducing 
the strain of hepatitis C in their targeted populations by 
having an extended access to current DAAs treatment. 

In these countries, the screening strategy is changing, 
because they need to pass from micro-elimination to 
universal screening. They need to include all adults, 
pregnant women and abandon the risk-based/age-cohort 
strategy. 

The WHO “Global Health Sector Strategy on Viral 
Hepatitis 2016–2021” target is changing in two new forms 
of global screening, announced in the spring of 2020. Both 
United States Preventive Services Task Force (USPSTF) 
and Centers for Disease Control and Prevention (CDC) 
expressed their recommendations for HCV screening for 
all adults. The USPSTF recommendation is on-time HCV 
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screening for all adults with ages between 18 and 79 years. 
CDC recommends no upper age limit and includes 

individuals who are aged above 79 years. Pregnant women 
were also included in their recommendations [63]. 

 
Figure 7 – Early and current options of HCV treatment. DAA: Direct-acting antiviral agent; HCV: Hepatitis C virus; 
LDV: Ledipasvir; NANBH: Non-A, non-B hepatitis; PEG-IFN: Pegylated Interferon; SOF: Sofosbuvir; VEL: Velpatasvir. 

 
Figure 8 – DAAs used to target products of the nonstructural coding sequence of hepatitis C. DAAs: Direct-acting 
antiviral agents. 
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Figure 9 – Factors which prevents the achievement of WHO targets. HCV: Hepatitis C virus; WHO: World Health 
Organization. 

 

Global screening of all adults is a major step forward 
compared with the micro-elimination approach, but it 
may be implemented in countries that have achieved  
the micro-elimination goal already. For low-income and 
middle-income countries, the universal screening is not 
a possibility, due to lower financial resources. In these 
countries, the first step remains to reach high-risk groups, 
such as people deprived of liberty, people who inject 
drugs and people from disadvantaged areas, which have 
limited access to medical services. All these areas need to 
implement the micro-elimination plan based on hybrid 
risk-based/age-cohort strategy. 

At this point, the universal screening still has some 
gaps that must be recognized. There are many studies 
documenting that injecting drugs increases the chances 
of developing hepatitis C before the age of 18. HCV 
screening strategy for adolescents has proven to be cost-
effective. The two pan-genotypic DAAs treatments that are 
being used now (Glecaprevir–Pibrentasvir and Sofosbuvir–
Velpatasvir) are approved by the United States Food and 
Drug Administration (FDA) for young individuals from 
age 12 [68, 69]. 

Next step would be the screening of adolescents aged 
15 to 17 as part of school medical investigations and 
immediately referred to in case of hepatitis C treatment, 
if found to be positive. In addition, HCV screening for 
infants born to women with hepatitis C is being discussed 
in the “Future Directions” section of CDC, which is similar 
with the United States exceptional infrastructure plan to 
screen and follow-up infants from women with human 
immunodeficiency (HIV) infection. 

The success of both strategies (micro-elimination or 
universal screening, depending on the current phase in 
which each country is within the global plan of HCV) 
resides in offering treatment for those testing positive. 
The current access to hepatitis C therapies still has gaps 
in achieving its final goal. Changes in GTs, and the risk 

of young people up to the age of 18 to be found positive, 
require a state-of-the-art therapy. 

Finally, with increased screening by rapid diagnostic 
tests and improved access to HCV treatment and post-
cure follow-up, we remain in need of extra effort and 
resources for reducing or eliminating the major risks of 
injectable drugs in HCV transmission. 

In 2020, the impact of SARS-CoV-2 extends signifi-
cantly on national healthcare systems, with direct damage 
on the HCV global elimination goal by 2030. Authorities 
have now to immediately prioritize the national programs 
of hepatitis because studies have shown that a one-year 
delay in HCV diagnosis and treatment can add 72 300 
deaths and 44 800 liver cancers from hepatitis C globally 
by 2030 [70]. 

 Conclusions 
HCV infection is a considerable health concern because 

of the evolution of cirrhosis and relevant complications 
or hepatocellular carcinoma. Undoubtedly, Alter, Rice, 
and Houghton’s work introduced a new era of virus 
exploration. This has changed the future of HCV-infected 
people. In the past, a single blood test has revealed the 
HCV, which has explained a series of NANBH with 
negative evolution. Therefore, it became possible to 
create new drugs that can save people’s life. Today, the 
infection is curable thanks to the revolutionary progress 
of therapy. This exceptional success by now has served 
millions of patients all around the world. Better knowledge 
of the virus throughout the years has contributed to 
extended treatment alternatives. In the present, DAAs are 
the standard of care. Extending the treatment accessibility 
to low and middle-income countries represents the new 
international objective. Thus, slowing the incidence of 
HCV by expanding the hepatitis screening programs would 
also make the elimination possible until 2030. 
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